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e samples you can analyze with half | 


a bottle of Ampholine 


Cut your electrofocusing c®ts to a fraction of 


previous levels without sacrificing quality or 
resolution. Save substantial time casting, 
running, and staining gels as well. High 
performance electrofocusing lets you analyze 


well over 600 samples per bottle of 


Ampholine. And if you’re struggling with an 
especially tight budget this year, we can 


' help you save even more. High performance 


gels are cast by capillary action onto thin 
plastic support foils in layers a mere 0.5 to 
0.25 mm thick. Because the new thin gels are 
cooled more efficiently, resolution-robbing 
thermal gradients are eliminated while run 
times drop to as little as 30 minutes. 
Ampholine, the LKB tradename for the 
world’s largest selling carrier ampholyte, is 
now available in four new pH ranges. The 
new ranges are specially preblended for di- 
rect use in either acrylamide or our new 
agarose gels and exhibit excellent con- 
ductivity and reproducibility. By switching 


to our new preblends, you'll save preparation 
time and reduce your stocking costs as well. 

High performance electrofocusing is just 
one of a series of new and improved techni- 
ques you can perform on the Multiphor" 
System. For more details about this and 
other new kits soon to be released, contact 
your local LKB representative. We have of- 
fices everywhere. Or phone us today at one of 
the addresses listed below. 


4) 


Head office: LK B-Produkter AB, Box 305, S-161 26 Bromr Sweden. Tel. 08-98 00 40, telex 10492 
uin US sales office: LKB Instruments, Inc. 12221 Parklawn Drive, Rockville, MD 20852 ‘el. 301-881 25 10, telex 230 89 682 
ales office: LKB Instruments Ltd, 232 Addington Road, 5 Croydon, Surrey CR2 8YD England. Tel. 01-657 8822, telex 264414 
her sales offices in: Athens (for Middle Ex ist), Copenhagen, Ghent, The Hague, Hong Kong, Munich, Paris, Rome, Turku, 
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Gurr 


stains and microscopy materials 


The 1981 Gurr'catalogue is now 
available on request 


New features include: 
a table of dry dyes in Colour Index sequence 

a chart showing colour changes of pH indicators. 
a solubility guide 

electron microscopy materials 

an alphabetical list of all products 











BDH Chemicals Ltd Broom Road Poole ae 
el (0202)745520 Telex 41186 TetraG 
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w88 Photomicrography 
with Electronic Precision 


The new Nikon Microflex FX series is a remarkable 
synthesis of superb optics and microelectronic accuracy. 
For photomicrography that is itself remarkable in both 
excellence and clarity. 
The FX series comprises four models: 
Dark Box The UFX. Top-of-the-line microflex. With automatic 
FX-35A photomultiplier exposure control that reads either a 
30% integrated measurement or a 1% spot, automatic 
film wind with multiple exposure capability, and 
a memory function for repeated exposures. 
The HFX. Automatic exposure control reads a 30% 
integrated measurement. Automatic film wind, multiple 
exposure. 
The AFX. Automatic exposure control. Manual film 
advance. 
The PFX. Standard microflex with leaf-type shutter and 
manual film advance. 
For focusing and measurement, all models feature 
a swing-out beam splitter and a remarkable projection 
lens. This innovative optical system projects 100% of 
available light onto the film—without relaying or 
interruption—enabling faster shutter speeds and clearer 
images under low-light conditions. 
Each microflex, except the PFX, also has an electronic 
control unit, with a microprocessor for split-second 
exposure timing. 
Other features include an adjustment for bracketing 
exposures from +1 to —2 stops, and an electric shutter 
release for vibration-free control. 
a Each model of the FX series is compatible 
with all photomicrographic formats, from 
g 35mm to 4" x5", and all are available with a full 
range of accessories. 


Extending Man’s, Vision 
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It was worth it. 


At first we weren’t making our own data- so you'll know exactly what you're 
enzymes. We were buying them. Then we getting. 
learned something you pr obably know It's a lot of work to make and test the 
already — enzymes pure and reliable enough purest enzymes, but it’s worth it. There are 
for DNA-RNA studies are not easy to come by. enough variables in molecular biology 

So we made our own, to our own stan- research as it is. 
dards. And before long other researchers DNA Polymerase I, Large Fragment DNA 
wanted to buy ours, for the same good reasons. Polymerase | (Klenow Fragment), T,-Poly- 

So we named them NENZYMES and nucleotide Kinase, T,-DNA Ligase, and RNA 
produce them in quantity, but we still subject Polymerase. Plasmid pBR-322 and X174 
them to the same very rigorous tests as (RF I) DNA also available. Call collect for com- 
before. And we provide complete testing plete information. 


New England Nuclear 


549 Albany Street, Boston, Massachusetts 02118 
Call toll free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 


NEN Chemicals GmbH: D-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034. Telex 4-17993 NEND 





NEN Canada: 2453 46th Avenue, Lachine. Que. H8T 3C9: Tel. 514-636-4971, Telex 05-821808 
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One Apparatus-Two Formats 


- Versatile Verticals 


. . -Introducing the BRL°® Tube Gel Module for the Model V16 


The Model V16 Vertical Gel Electrophoresis System, our low-cost, performance proven apparatus, now 


provides an extra measure of versatility with the unique Tube Gel Module accessory. This feature allows you to 
run both tube gels and slab gels in the same compact system. 





o 


Features: 


è Instantly converts the Model V16 from Slab Gels to 


Tube Gels Product BRL# Quantity Price 


With the Tube Gel Module in place, up to 12 gel tubes 
140mm long in either 3mm or 6mm diameter can be run in 
the Model V16. Useful for a variety of classical ‘disc’ gel and 
isoelectric focusing (IEF) applications, this combination is 
ideal for the O'Farrell high resolution 2-D separation 
method, ' 

Complete, low cost system 

The Tube Gel Module consists of an upper buffer chamber 
with platinum electrode, safety lid and power cords. Each 
Module is supplied with twelve 3mm I.D. tubes, twelve 6mm 
I.D. tubes, grommets for both, and stoppers to seal unused 
positions. 


Model V16, Vertical Gel Elec- 
trophoresis System. 


For 0.8 mm thick gels 
For 1.5 mm thick gels 
For 3.0 mm thick gels 


Tube Gel Module (Mode! V16) 
includes accessory upper buffer 
chamber accommodating up to 12 


(each) 

For all 1070 series 

1 unit $215.00 

2-5 units 195.00 

6 + units 180.00 
1070HE 
1070HH 

1070HL i 


1073TA each $175.00 


gel tubes, power cord, safety cover, 
12x3mm1.D.geltubes, 12x6 mml.D 
gel tubes, grommets and stoppers. 


è Bevelled Glass Plate 
BRL also offers this sturdy, bevelled glass plate to replace 
the standard rear plate when running the second dimension 
of the 2-D protein gel procedure. 
Reference 
‘O'Farrell, P.H. (1974) J. Biol. Chem. 250: 4007. 





To Order Contact Customer Service Department 800-638-8992 


Bethesda Research Laboratories, Inc. BRL GmbH Technical Services 
P.O. Box 577, Gaithersburg, MD 20760 Offenbacher Strasse 113 800-638-4045 
In Maryland (301) 840-8000 6078 Neu Isenburg * West Germany 800-638-4105 
Á Telephone 06102-3206 (Immunology) 


Telex 417699 BRL NID 


Telex 908750 BRL GARG 
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Seabirds and oil: the worst winter 
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Cover 

Leech ganglion containing a Leydig cell injected 

intracellularly with Lucifer yellow, 
Microscopy 
Of special relevance to microscopy in this 
issue are the cover and the article which 


prompted it (p.17); 100 years ago (p.16), 
articles on pp. 9 and 93 and product Review 
(p. xxvii). 
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C Homnick, W C Randall, 

M S Glitzer, R Saperstein 

& R Hirschmann 55 
Oestradiol, sexual receptivity B Parsons, T C Rainbow, 
and cytosol progestin D W Pfaff & B 5 McEwen 
receptors in rat hypothalamus 58 
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- RECEPTOR LIGANDS 















3- [2233] lodocyanopindolol 16<-[1251] lodooestradiol 


IM.116 





OCH,CH(OH)CH,NHC(CH3), 


| 


HO 
DA | 

RAe 

@ Highest specific activity available 

@ > 1500Ci/mmol 

@ Used for determination of oestrogen 


receptor binding in breast tumours” 
@ Can be used for radioimmunoassay 


1) HOCHBERG. R 8 
Science, 206, pp 1138-1140. 1979 


@ Exclusive 
@ > 2000Ci/mmol 

@ No affinity for <-receptors 

@ 3-4x affinity of 3-['**l] lodohydroxy- 
benzylpindolol for B-receptors 













Amersham Intemational Limited, Amersham, England Telephone 024 04-4444 
in the U.S.A and Canada, Amersham Corporation, Illinois 60005 Telephone 312-364-7100 


manat e maae Almersham 
in W. Germany, Amersham Buchler GmbH & Co KG, Braunschweig Telephone 05307-4691 
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Miles-Made 


Poly (T) * (C) for 
Interferon Induction Experiments 
Available from Miles 


For over 10 years, Miles has been producing Poly (1) * (C). Now you can 
order it in freeze-dried form or in customized solutions for warm-and- 
use convenience. 

And Poly (I) *(C) from Miles is economical... sample and reserve 


options are available 


Poly (1) *(C), code no. 11-321 
Poly (1) ° (C) Tritiated, code no. 57-326 





For more information, call or write 


Research Products Division Miles Laboratories, Ltd 
Miles Laboratories, Inc PO. Box 37, Stoke Court, Stoke Poges 
PO Box 2000, Elkhart, IN 46515 Slough SL2 4LY, England 
Tel Toll-free 800-348-7465 Tel. Farnham Common 2151 
in Indiana, Hawaii, Alaska 
219-264-8804 
Research/Response/Responsibility 


BRE pon 
Research Products 
Division VIILE S 
See 


© 1980 MILES LABORATORIES. INC 
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Printing Counter/Timer 


16 individual parallel inputs 
microprocessor based 


PRINTING COUNTE 


“Magnus” 
Automatic “Open Field” 
Animal Activity Meter 


Size: 1m x 1m 


* Works on intrared beams principle (15 x 15 
beams) 

* Separate sensors for horizontal and vertical 
movements (rearings) 

* Plots pattern of animal movements on x-y 
plotter 

* Digitally measures and prints out distance 
animal travels 

* Separates relocations from scratching 

* Apple-!| computer interface available 


Cc COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION 
| a ee Lat 


* Primts results in programmable intervals (1 to 
99 min.) or on demand. 


* Prints clock time: hours, min., sec 


* Counts pulses or contact closures from 16 
sources. 


* 99999 counts capacity in each channel 


* Totalizes time from 16 individual inputs with 4 
msec. resolution. 


* Prints individual labels for each source 
* Stores information on magnetic tape 
* Functions as general purpose microcomputer 


We are looking for representatives 


T COLUMBUS INSTRUMENTS 
SESE 


950 N. HAGUE AVE 
COLUMBUS, OHIO 43204, USA 
PHONE (614) 488-6176 TELEX 246-514 


950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A 
PHONE: (614) 488-6176 TELEX: 246514 


SS 
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| ILLIANTs MIMAu > 


5nm guaranteed resolution and 


corr 


_.. JEOL long term instrument 


reliability — backed by dedicated 


technology and decades of 


experience. Have a demonstration, 
see the sheer quality of the image 


display and experience the 


effortless performance, precision 


specimen handling and ease of 
operation. 


Contact us now for your personal demonstration at our London centre or detailed information 


JSIMPBEGE «. 
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% New corrected field objective ye gun * 
geometry guarantees 5nm (50A) 
resolution. Most laboratory sites will 
attain 4nm (40A) with standard 
tungsten hairpin 


% Working distances 12 to 39 mm and 
beyond with continuous focus control 
and automatic magnification 


correction throughout ka 


* New X-Y stigmator with calibrated 


controls, electric alignment and * 


direction indicators 


JEOL (UK) LIMITED, 
JEOL House, Grove Park, 
London NW9 OJN 
Telephone: 01-205 6376 
Telex: 28350 


acted field’ objective and... 





Focus wobbler switching for accurate 
aperture alignment for high fsolution 
use and optional wavelength and 
energy dispersive analysis attachments 
New ABC-automatic brightness 
control ensures constant display 
brightness when moving specimens 
and changing operating parameters 
New LED displays of image contrast 
and brightness for rapid check of 
photographic conditions 

10X to 180 000X magnification range 
0-39kV accelerating voltage 


360° rotation, 60° eucentric tilt stage 


JEOL 


ELECTRON MICROSCOP 
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è How Britain 
runs its Science 


eHow the US 
runs its Science 


These two new Nature 
wallcharts ; are now 
available. _ 


The 2 x 3ft. guides offer a 
comprehensive survey of the 
administration of science in 
Britain and the US, showing the 
interlocking relationship 
between science, engineering and 
medical establishments. 

Designed as fold-out sheets, the 
wallcharts can be carried easily to 
meetings or hung as posters for 
permanent reference. 


The new 1981 wallcharts are 
available at £3.50 or $7.95 each 
from Nature's offices in London, 
Basingstoke and New York. 


including Index (51 issues) 
£7: 


Rest of Euro 
Rest of Wi i 


Rest of World* rmail 

“(not USA, Canada & Europe) 

Personal subscription rates are available in some 
countries to subscribers paying by personal cheque 
or credit card. 


arn can be obtained from: 

Nature Promotion Department, 

4 Little Essex Street, London WOR. 3LF 
Telephone: Jonathan Earl: 01-836 6633 

USA: Nature, 15 East 26 Street, New York, NY 10010 
Credit card orders only (in USA & Canada): 

Cail toll-free: (800) 824-7888 (Operator 246) 

In California: (800) 857-7777 (Operator 246) 

Back issues: (Post-paid) UK, £2.00; USA & 
Canada, US$6.00 (surface), USS. 50 (air); Rest of 
World, £2.50 (surface), £3.50 (air). 

Nature Binders: 

Single Binders: UK, £3.50; Rest of World, $8.50; 
Set(s) of Binders: UK, £9, 50: Rest of World, $22.50 
Nature jennie Indexes (1971-1980): 

Prices (post-paid): 

£5. WW each: Rest of iia $10.00 

Nature First Issue Facsimile: 

UK, 75p; Rest of World (surface), $1.50, (air), £2.00 
Nature Directory of Biologicals 

(Hardcover edition) (to be published 1981) 

UK, £18.50; Rest of World, $45,00 

Nature Walicharts: 

How Britain Runs its Science; How the US Runsits 
Science; UK, £3.50; USA, $7.95 each 

Nature in Microform: 

For Information: 

UK: UMI, 18 Bedford Row, London WC2R 4EJ 
USA: 300 North Zeeb Road, Ann Arbor, Mi48106 
Orders (with remittance) to: 

Nature, Macmillan Journals Ltd., 

Brunel Road, Basingstoke, Hants RG21 2X5, UK 
Tel: (0256) 29242 Telex: 858493 
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The origins of replication of the 
yeast mitochondrial genome 
and the phenomenon of suppressivity 


M de Zamaroczy, R Marotta, 
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Structure of C-terminal 
half of two H-2 
antigens from cloned mRNA 
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The Fluorescence Activated Cell 
Sorter (FACS) has become a powerful 
means of identifying and separating 
cells and cell constituents according to 
distinctive properties of FLUORESCENCE 
and size. FACS makes possible multi- 
parameter measurement of individual 
cells, providing the distribution of 
these measurements in a sample. 
Evaluation against operator-selected 
criteria, at rates to 5,000 cells per 
second, forms the basis for physical 
separation of viable subpopulations. 
FACS measurements have been docu- 
mented for sensitivity to as few as 
3,000 fluorescent molecules per cell 
Light-scatter measurements are sensi- 
tive to particles as small as 0.3 micron 
in diameter, and can be used to detect 
viability, without staining, in 
homogenous populations such as 
lymphocytes. FACS Systems are ac- 
cepted as the standard of comparison 
for quality, performance and reliability, 
and are in daily use in top laboratories 
worldwide. Following is a brief view 
of recent FACS advances 





Cell Cycle after Simian 
Virus-40 Infection 

FACS has been used to study the 
interplay between Simian Virus-40 
(SV-40) and host cells after infection 
of growing cell cultures. Both mock- 
and SV-40 infected cultures have been 
harvested at 24 to 48 hours after infec- 
tion, stained for DNA content, and 
analyzed with FACS for cell cycle dis- 
tribution. Infected cultures exhibited a 
marked shift to above average G2 
DNA content by 24 hours after infec- 
tion, and remained in this state for at 
least 24 hours further, indicating that 
after infection, cycling cells completed 
one round of DNA synthesis, but 
remained undivided. 


Live/Dead Cell Enumeration 
The forward- 
angle light- 
scattering measure- 
ment of FACS can 
be used to discrimi- 
nate viable and 
nonviable cells in 
homogeneous popu- 
lations, such as 
lymphocytes. FACS 
analysis during a 
lymphocytotoxicity 


Fluorescence 


Scatter 





ADVANCES IN CELL BIOLOGY 


test of mouse spleen cells reacted with 
varying dilutions of rabbit anti-mouse 
T-cell antiserum plus complement has 
shown that as antiserum concentration 
increases, the percentage of cells in the 
dead jutiopelation also increases. 


Sorting of Erythrocytes 
Containing Malaria Parasites 
Plasmodium berghei-infected mouse 
erythrocytes can be analyzed and 
sorted on the basis of parasite DNA 
content. Infected cells, treated with a 
vital DNA-binding dye, fluoresce 
with intensity corresponding to the 
number of parasites contained. Unin- 
fected cells are nonfluorescent. 
Measurements of light scatter and 
fluorescense intensity from each cell 
are displayed as acorrelated dot plot, 
as shown. Sorting of 
uninfected from 
infected cells enables 
subsequent studies 


For additional infor- 
mation, including an 
extensive bibliography, 
call or write 
Becton Dickinson 
FACS Systems 


FACS Systems 


490-B Lakeside Drive 


Sunn 
(408) 
Jan Van Rijswijcklaan 
2000 Antwe 
031/16.01.57; Telex 


ale, CA 94086 

8558; TWX 910 338 2026 
105-107 Bus 2 
n, Belgium 
72096 





No other commercially available cell 
sorter and analyzer approaches the 
power, precision and versatility of the 
Ortho Systems 30/50. The instrument is 
offered in two basic configurations: Sys- 
tem 30—a high resolution, 21 parameter 
analytical flow cytometer, and System 
50—which adds cell sorting capabilities 
to the System 30 flow cytometer. Both 
feature dual lasers as standard equip- 
ment for increased analytical power. 
System Components 

To appreciate the far-reaching capa- 
bilities of these Ortho instruments, con- 
sider that the System 50 combines: two 
lasers—a .8 milliwatt helium-neon for 
ultra high precision scatter measure- 
ments and a 5 watt argon type for 
fluorescence measurements (optional 
argon-ion, and krypton-ion lasers with 
U.V. capability are available); four 
detectors—two of the photo-multiplier 
type for right angle scatter, and fluor- 
escent emission detection (S-20 
response, 185 nm—850 nm), and two 
solid state sensors for axial light loss and 
narrow angle forward scatter: a sophisti- 
cated optical system incorporating fiber 
optics: a multiplexed multichannel ana- 
lyzer, with C.R.T. display: the signal 
processor unit: and an advanced cell 
sorter module. Additionally, the Model 
2150 computerized 8 parameter data 
handler/sorter controller is available as 
an option® The 2150 System features 


SYSTEM 50H 
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FLUORESCENCE INTENSITY 





2. Histogram of CHO chromosomes stained for 
D.N.A. Ethidium Bromide/Chromomycin A,. 


Cytofluorograph System 50H Laser-250mw (@ 
457nm. Red Fluorescence 


CHICK NUCLEI 
VARKER 
DOUBLETS) 


HICK NUCLEI 
MARKER 





2. Histogram of human lymphocytes utilizing 
a chick nuclei marker for standardization and 
stained for D.N.A. with Propidium Iodide. 
C.V. = 1.65% (Human Lymphocytes) 


simultaneous data acquisition, and real 
time processing while sorting is in 
progress. 
System Capabilities 

Together, these modules allow the 
System 50 to provide and analyze mor- 
phological information—a significant 
first for a flow cytometric instrument. 
With four detectors and the ability to 
display pulse height, pulse area or pulse 
width analysis for each—a total of 21 
distinct measurement parameters can be 
studied 

The System 50 also features: two bi- 
dimensional regions of interest, dual his- 
togram multi-channel analyzer with 
cytogram mode, super-sil quartz optics 
with which the cells are analyzed and 
easy sample entry 

In order to provide customers with 
complete support, Ortho maintains an 
Applications Laboratory that is avail- 
able for confirmation and consultation 
services. Additionally, an international 
network of service technicians is ready 
to aid customers should calibration or 
repairs ever be required 
Remarkable Results 

The histograms and cytograms dis- 
played were produced by the Sys- 
tem 50. Evaluate them. And consider 
the difficulty of deriving this data by any 
other means. The capabilities of this 
unique Ortho instrument will speak for 
themselves 


State-of-the-art cell sorting and analysis from Ortho 


The Cytofluorograf Systems 30/50 


System 50H with optional argon ion 
and krypton ion lasers installed. 






For additional information contact 
your local representative or write: 
Ortho Diagnostic Systems Inc., 410 
University Ave., Westwood, Mass 
02090. (617) 329-6100 


Ortho Diagnostic Systems; 
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ADV RTISEMENT _ 


BRL PRODUCT REVIEW 


Bethesda Research Laboratories, Ine PO 





New Literature: 
BRL 81/82 Catalog 


The 197 page master catalog contains over 
300 products from five product lines: molecu- 
lar biology, protein biochemistry, cell biology, 
immunology and research apparatus, Of 
Special interest is the expansion of product 
offerings in the biological chemistry area, 
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Remazol™ Blue Agarose 


Remazol™ Blue Agarose is an experimental 
dye-ligand chromatography matrix with the 
striking property of not binding to human 
serum albumin. The chromatography matrix 
is a potentially useful alternative to Cibacron® 
Blue Agarose (which does bind serum al- 
bumin) for protein purification. 
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“American Hoechst Corporation 
®Ciba AG 


RPC-5 Analog 


RPC-5 Analog is a matrix for nucleic acid 
chromatography with performance properties 
similar to the well-characterized RPC-5. 
RPC-5 Analog is a useful analytical and 
preparative tool for fractionation of DNA 
fragments produced by restriction enzyme 
cleavage, complementary strands of individual 
DNA restriction fragments, oligomers of 
single-stranded DNA and RNA, and active 
mRNA’s. RPC-5 chromatography has been 
useful in isolating bacterial plasmids from 
cellular lysates and in recovering inserts 
cleaved from cloned plasmids by restriction 
enzymes. BRL has developed a method for 
batch preparation of plasmid DNA using 

RPC-5 Analog. 
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Hybri © Dot 
BRL has designed a 96 well manifold that sim- 
plifies scale-up of the sensitive “dot hybridiza- 
tion” procedure for detection of specific DNA 
and RNA sequences. In this procedure, as 
little as one picogram of a specific nucleic acid 
sequence, bound to nitrocellulose as a small 
spot, can be detected using P-labeled probe 
( ~ 10* dpmig). Dot hybridization has been 
used to detect viral DNA in lymphocytes and 
in serum. 
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BRL GmbH © 


Fibronectins: Antigen and 
Antibody Products 


Fibronectins are high molecular weight adhe- 
sive glycoproteins found in plasma and on cell 
surfaces, Although biochemically and im- 
munologically similar, cellular and plasma 
fibronectins are not functionally identical. 
Fibronectins from both sources possess the 
ability to enhance the attachment of cells in 
culture to the usual substrates and to induce 
the spreading of cells. However, cellular fibro- 
nectin is $0 to 100 times moie effective both in 
aggregating red cells and in restoring normal 
morphology to transformed cells in culture. 
Each product is supplied with a BRL Product 
Profile with specific product information and 
details of quality control assays. 


Mouse Monoclonal Anti-Human 
Fibronectin (MCA-HFn) 


Mouse Monoclonal Anti-Human Fibronectin 
is an IgG antibody that reacts with the plasma 
and cellular forms of fibronectin as determined 
by enzyme-linked immunoabsorbant assay 
(ELISA). Each lot is assayed for Protein A 
binding, cytotoxicity, and antibody titer, 
Available now, MCA-HFn is the first in a 
series of monoclonal antibodies to extra- 
ceflular matrix components, 


Monospecific Antibodies to 
Human Plasma Fibronectin 


The IgG fraction from antisera produced in 
rabbit and goat is purified by ammonium sul- 
fate fractionation and ion exchange chroma- 
tography. These fractions are homogeneous as 
determined by SDS-PAGE (heavy and light 
chains) and the specificity is assayed by im- 
munoelectrophoresis. 





RNA Polymerase II 


BRL is pleased to make available for the first 
time RNA polymerase II from calf thymus. 
As an alternative to the BRL eukaryotic in 
vitro transcription system, researchers can 
now construct a transcription system based on 
the BRL® RNA polymerase II (calf thymus) 
and a S-100 fraction from KB cells. 
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Restriction Endonuclease 
Xma I115’'CYGGCCG3’ 


ma T is isolated from Xanthomonas mal- 
vacearum by a modification of a published 
procedure. Xma IH is the first restriction 
endonuclease known to recognize the sequence 
S'CYGGCCGY which contains two CpG 
nearest neighbor pairs. Since this nearest 
neighbor pair is relatively rare in eucaryotic 
DNA,the mean fragment size following com- 
plete digestion with Xma HI would be expected 
to be large. In the case of Yma IHN cleavage 
of Drosophila DNA this is in fact observed. 
Cloning vehicle pBR322 has a single Xma IH 


site at position 938. 
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Monospecific Antisera to 
Human Plasma Fibronectin 


Monospecific antisera to haman plasma fibro- 
nectin is produced in rabbits and goats. The 
specificity of the antisera is established by 
immunoelectrophoresis. The specific anti- 
body content is determined for each lot by 
quantitative precipitin analysis. 


Human Cellular Fibronectin 
(HC-Fn) 


Human Cellular Fibronectin is affinity puri- 
fied from human foreskin fibroblasts and is 
supplied frozen in 100 mM CAPS buffer, pH 
11.0 at a concentration of | mg/ml. 


Human Plasma Fibronectin 
(HP-Fn) 


Human Plasma Fibronectin, purified to 
homogeneity by gelatin-agarose affinity chro- 
matography, is supplied as a lyophilized solid. 
Purity is established by SDS-PAGE and each 
lot is assayed for cell spreading activity. 


Chick Cellular Fibronectin 
(CC-Fn) 


Chick Cellular Fibronectin is isolated from 
chick embryo fibroblasts and purified to 
homogeneity by urea extraction procedures. 
CC-Fn is supplied frozen in 100 mM CAPS 
buffer, pH 11.0 at a concentration of 1 mg/ml. 


Bovine Plasma Fibronectin 
(BP-Fn) 


Bovine Plasma Fibronectin is a partially puri- 
fied product especially suited as a supplement 
for routine tissue culture. Available as a lyo- 
philized powder, each lot is assayed for cell 
Spreading activity. 
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T4 RNA Ligase 
T4 RNA ligase is purified by Bethesda Re- 
search Laboratories from T4 infected E. coli B 
cells. This ‘enzyme joins the 3’ hydroxyl end 
and 3’ phosphoryl group of RNA chains in 
both intra and intermolecular arrangements. 
It also catalyzes the addition of ribonucleoside 
3', 5'~diphosphates or 2’ deoxyribonucleoside 
3, 5'~-diphosphates to 3’ termini af oligonu- 
cleotides. This reaction is especially useful for 
labeling RNA in vitro for sequence determina- 
tion. Recently this enzyme has also been found 
to be capable of joining single strand oligode- 
oxyribonucleotides. The BRL® T4 RNA Ligase 
is purified free of RNAse. 3’ and 5’ exoribonu- 
clease, DNAse, 3’ and 5’ exodeoxyribonu- 


clease, phosphatase and DNA ligase. 
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Nuclease Pl 


Nuclease P1, purified from cultures of Penicil- 
lium citrinum, is now available from Bethesda 
Research Laboratories. This enzyme is highly 
useful in the analysis of the 5'~-terminal nucle- 
otide of RNA and DNA in nucleotide sequence 
studies as well as in determinations of cap 


structure of eukaryotic mRNAs. 
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Miles-Made 


Alkaline Phosphatase, 
Labeling Grade 


Miles meets your needs for quality with alkaline 
phosphatase, labeling grade, the newest of our threz 
varieties 


Our high-grade calf-intestine alkaline phosphatase 
is especially intended for use in the preparation of 
enzyme immunoassay reagents. It is available as a 
chromatographically purified, stable, freeze-dried 
powder at 21000 U/mg protein 





Code 
Source Activity Number 


Alkaline 
phosphatase, Calf 
labeling grade intestine 1000 U/mg 36-484 
Alkaline Calf 
phosphatase intestine 
Alkaline i 
phosphatase 


3U/mg 36-482 


Pig 
kidney 1.5 U/mg 36-488 
For more information, call or write 

Miles Laboratories, Inc 

Research Products Division 

PO Box 2000, Elkhart, IN 46515 

Telephone. Toll-free 800-348-7465 

(in Indiana, 219-264-8804) 


Miles Laboratories, Ltd 

PO. Box 37, Stoke Court, Stoke Poges 
Slough SL2, 4LY, England 

Telephone: Farnham Common 5151 


a ae. 
Hesnarot became MILES 
ean ws. 


D 1981 MILES LABORATORIES, INC 
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Miles-Made 


Alkaline Phosphatase 
Conjugates 


The Miles label, a quality standard in biochem- 
icals and immunologicals, guarantees consistent 
quality in antisera 


We offer a wide range of antisera conjugated 
with labeling-grade alkaline phosphatase that 
is highly suitable for use in immunoassay 
procedures. 

Alkaline Phosphatase Conjugates 


Antigen Host Code Number 
Goat IgG Rabbit 61-276 
Guinea Pig IgG Rabbit 61-279 
Human IgA (a) Goat 61-272 
Human IgG Goat 61-270 
Human IgM (p) Goat 61-271 
Mouse IgG Rabbit 61-278 
Rabbit IgG Goat 61-275 
Rat igG Rabbit 61-277 





Detailed product literature is available on 
request from 

Miles Laboratories, Inc 

Research Products Division 

PO, Box 2000, Elkhart, IN 46515 
Telephone. Toll-free 800-348-7465 

ün Indiana, 219-264-8804) 

Miles Laboratories, Ltd 

PO. Box 37, Stoke Court, Stoke Poges 
Slough SL2 4LY, England 


Telephone. Farnham Common 5151 


Research enat nA i Le Es 
E C i 


© 1991 MILES LABORATORIES, INC. 
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Data recording and analysis: 








If you need to record and analyse data analogue and digital inputs from most 


from multiple inputs, consider the 
advantages of using the Microdata 
MI600L data logger. 

Magnetic tape cartridge Because it 
records on a standard 1⁄4 inch magnetic 


tape cartridge in ECMA/ANSI format, the 
output can be replayed at high speed into a 


computer, calculator or other data 
processing equipment. Alternatively, the 
internal replay facility of the data logger 
can be used. No other data logger has this 
capability. 

Individual conditioning cards 
Individual, plug-in signal conditioning 


cards are used~—one for each of the 20 input 


channels (expandable up to 100). Asa 
result, each customer receives a bespoke 
instrument ready to handle mixed 


transducers. Cards are available at low 
cost to condition virtually every type of 
electrical signal, to reconfigure the 


instrument for different projects. No other s 


data logger offers these facilities. 


Exceptional versatility The MI6Q0L Tetee 924937 


is available either as a mains powered, 
free-standing, laboratory instrument or in 
the portable weatherproof form operating 
from its internal batteries. For more 
permanent installation in existing 
sygtems, it can be supplied in chassis form 
for mounting in a 19 inch rack. No other 
data logger displays this versatility. 

The M1600L is now widely adopted 
for projects in energy, transportation, 
agricultural and environmental research. 
If you would like further details, please 


MICRODATA -teaders inthe field 
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Boehringer Mannheim Biochemicals 
Indianapolis, IN 46250 

(800) 428-5433 

(exclusive U.S. distributor) 
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To place your order or for further information contact: 


Hybritech inc. 
La Jolla, Ca 92037 
(714) 455-6700 


For research use only. Not for use in humans. 


Hybritech 


INCORPORATED 


The cell fusion company. 





apolis, IN 462 
(800) 428-5433 







. For research use onl 
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meet the time shrinker! 





write, telephone, or return this 
advertisement clipped to your 
letterheading. 

MICRODATA LIMITED, MONITOR HOUSE 
ON ROAD, RADLETT. HERTS. WD? SIN, 
AND. Telephone: RADLETT (09276) 3333 













(exclusive U.S.distributor) = 
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e Assembles in less than 5 min- 


a convenient do-it-yourself kit 
Applicable for any bed height 
om 5 to 95 cm | 


he same low cost for both 
© 16 and 26 mm I.D. 


Main US sales office: UK sales office: 
LKB Instruments, Inc. LEB tastrumente Ltd 
Parklawa Drive- Addington Road 
on, 








Computer 
controlled 
ELISA. 


Artek introduce the first fully computer 
controlled ELISA Reader to be available in Europe. 


FAST — Reads each 96 well plate in less than 40 
seconds. Results printed out on thermal 
printer. 

ACCURATE — Unique blanking feature automatically 
subtracts pre-incubation values from 
post-incubation values on up to ten 
plates in one run at the same wave- 
length. The end point is determined with 
extreme accuracy by: 

@ Eliminating optical imperfections. 

è Eliminating contaminants absorbing in 
end point wavelength or other 
wavelengths. 

EASY TO USE — Operator instructions displayed on 
VDU. Single key initiation of reading 
sequence, 

RELIABLE — Pre-incubation, post incubation and 
evaluated values and categories are 
printed on thermal paper. 

@ Readings can be stored on disc for 

future recall and evaluation. 

@ Unique feed back system eliminates drift 

problems through automatic calibration. 

@ System automatically alerts operator 

and awaits corrections for: 

Readout values outside control sera 

values. 

Wrong filter wavelength. 

No filter, incorrect optical alignment. 

Burned out light source. 


ARTEK SYSTEMS CORPORATION 


EUROPEAN DIVISION 


32 Humberstone Road, Cambridge, England, CB4 1JF. Tel: 0223-311465 Telex: 877132 













POWERFUL — 48K Mini-computer with floppy disc, 
9600 readings on data disc. Optional five 
dise-drive version allows up to 48000 
readings to be stored. 

@ Software package supplies with system: 

@ Evaluates control sera to indicate 
improper results. 

@ Evaluates experimental values into High 
Positive, Mid-Positive, Low-Positive, 
Equivocal and Negative categories. 

@ Allows user to define test name, lot 
number and constants. 

@ Stores defined parameters on dises 
which can be changed as and when 
desired. 

@ Additional software can be supplied by 
Artek or your own software 
department. 

VERSATILE — Can be used as an independent 
laboratory minicomputer with built-in 
disc drive and printer. Both hardware 
and software designed to adapt to future 
trends in measurement technique. 
Unlike other readers, this system will 
never become obsolete. 

Custom programme service available for 
individual requirements. 


Local sales and service support available throughout Europe. 7 
Write, phone or circle the reader reply card for details! 
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Definitive, Complete, Authoritative 
NATURE announces the publication in 1981 of 
the Annual Directory of Biologicals and 
Disposable Chemicals. The directory will be 
available for distribution to all NATURE 
subscribers in the Autumn of 1981. It willalso be 
marketed separately, offering an even larger 








made to produce a catalogue that will reference 
the worldwide market of chemical 

- manufacturers, distributors, suppliers, and 
exporters, 

No instrumentation or apparatus listings will be 
included in this directory; its sole purpose is to 
provide detailed information for our readers as 

































distribution. to where they may secure the biologicals, 
A New Buyers guide chemicals and gases for use in their 
The basic thrust of the . laboratories. 
directory will be to The directory will be 
provide NATURE cross-referenced and 
subscribers with a include chemical 
definitive reference e classifications, product 
catalogue from which classifications, 
they may purchase the geographical location 
chemicalsand of suppliers and other 
disposables listed. @ € referenced PE 
as needed. 
From research 
conducted around the 
world the NATURE k 
; What’s in It? 
marketing Stall has The directory will 
determined the need natur a include (but not be 
for a directory of limited to) these 
biologicals, disposable Biciogicalreseach 
chemicals and gases. oheric 
Probably more than @ immunochemicals 
any other scientist, the | @ cell lines 
Ne SURE a cadet Autumn @ fine chemicals 
represents the largest 1981 @ reagents 
potential market for the ; @ enzymes 
sale of these @ isotopes 
cueiieas @ monoclonals 
Every attempt will be @ gases, etc. 
+ @ + 
Companies write for details NOW! 
I'm interested in knowing more about Nature's My name: ss 
new Directory of Biologicals. Fi 
itle: 
C] Send me a questionnaire so that my company ; : 
can have its products listed inthe Directory Company: i 
[_] 1am interested in reserving advertising Address: 
space, send me a rate card for the Directory 
[_] Put me on your mailing list to receive more Zip/Code 
information 7 
[| Have a representative call or see me Telephone number: 
Andy Sutherland 
or Marion Delaney Henry Dale 
Nature Nature 
4 Little Essex Street 15 East 26 Street 
London WC2R 3LF New York NY 10010 
on 
e ” 


SEE wuat was 
DIFFICULT TO 


FIBER-LITE" 


ie 
ANNULAR ILLUMINATION SY 


360° brilliant cross illumination without 
shadow obstruction, excessive glare or 
uneven light distribution. 

For + INTEGRATED CIRCUIT & MICROPRO- 


r ? Cc 


SEM MICROMANIPULATORS 





No. 15860: Mechanical Micromanipulator 
* Capable of 4-6 positioning resolution 
* Manipulate individual cells 
* Probe microcircuits 
* Special tips, blades, probes etc. available 


Send for full catalog of microscope accessories: 





ERNEST F. FULLAM, INC. 
P.O. Box 444, Schenectady, N.Y. 12301 
Telephone: (518) 785-5533 


INTENSE COLD LIGHT — 5 
Where you need it most!-— 


Dolan-Jenner 


Industries, Inc 
FIRST AND FOREMOST IN FIBER OPTIC ILLUMINATION 
P.O. Box 1020, Blueberry Hill Indus. Pk., Woburn, MA 01801 
Tel: 617-935-7444 Tix: 95-5439 
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CANADA: CONTINENTAL EUROPE: 
Micro Biological Supplies Touzart & Matignon 
UNITED KINGDOM 


Graticules, Ltd. 
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Go with 


The NEW carrier for immobilization electroneutral, hydrophilic matrix with electroneutal. covalent b 
of biomolecules for biocatalysis Ging mechanism 
and affinity chromatography. high binding capacity due to high epoxide group content 








macroporous structure with a low water uptake 
high mechanical stability for large-scale industrial processes. Ex 


cellent fow properties and good filtration and centrifugation cha 
racteristics 

high chemical stability of the matrix and of the bonded ligands 
water uptake independent of pH and ionic strength (from pt i 


Capability of reacting with low-molecular weignt ligands ir 
or in organic soivents 


your real choice! 
Ae > 


Please send more detailed intor 
EUPERGIT ic 
ame TE 

A street 








TM = Trade Mark 
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The Drummond 


Pipet-Aid: 


Fastest draw in the lab. 


| 


ə F 


Take a comfortable grip on 
the specially designed Pipet- 

Aid handle. Press one button for 
intake. Press the other for deliv- 
ery. That’s all there is to it. Fast. 
Accurate. Effortless. Ideal for repeti- 
tive sampling. 

The Drummond Pipet-Aid accepts 
most pipettes from 1 to 75 ml. 
Pipet-Aid is ideal in confined spaces, 
such as under laminar flow hoods. 
And is also available with filtration 
unit for use with hazardous mate- 
rials. Pipet-Aid is available from 
CMS, Fisher, VWR, A. H. Thomas and 
others. 


FOR MORE INFORMATION CIRCLE 


THE NUMBER FOR THE NEW 
DRUMMOND PIPETTING EQUIP- 
MENT CATALOG. TWELVE ILLUS- 
TRATED PAGES THAT TELL ABOUT 
THE COMPLETE LINE OF 


ae DRUMMOND PIPETTING 
j ;= > aps. 


DRUMMOND SCIENTIFIC 


COMPANY 
500 Parkway 
Broomall, Pennsylvania 19008 


Call toll-free: (800) 523-7480 
In Pa.: (215) 353-0200 


or pipetting, Drummond took 


the work right out 
of your mouth. 
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Fighting tsetse flies and people 


Opinions differ on the benefits of the transformation of the 
Punjab in India by the green revolution. Some hold that the 
transformation of traditional social life has been disastrous. 
Others, including most-of those who live there, hold otherwise. If 
new strains of wheat have made it possible for India, for the first 
time in living memory, to be self-sufficient in wheat and thus 
realistically capable of turning its attention to other than 
agricultural development, who except those who fear competition 
in manufactured. goods from India can count that a simple 
tragedy? Is it not, instead, natural to hope that similar 
transformations will be accomplished in other developing 
countries? This is the spirit in which, since the early 1970s, the 
World Bank has been organizing a confederation of donor 
governments and foundations, known as the Consultative Group 
for International Agricultural Research, whose frank objective 
has been to use the model by which the various strains of Mexipak 
wheat were developed by Dr Norman Borlaug (with imaginative 
support from the Rockefeller Foundation) to work similar 
revolutions elsewhere. Inevitably, not all the thirteen research 
institutes now under the group’s wing have been equally 
successful. The most conspicuous cloud on the horizon is the 
problem of the International Laboratory for Research on Animal 
Diseases in Nairobi, now about to appoint its fourth director in 
seven years, 

The Nairobi laboratory (known as ILRAD) has been from the 
start the odd man out, but for good reason. Its origins lie in the 
accurate calculation that one of the most serious problems with 
which African agriculture must contend is that of the tsetse fly. 
The fact that the trypanosomes for which the tsetse is a vector 
cause African sleeping sickness among human beings is 
economically and socially important, but the loss of agricultural 
productivity because large tracts of Africa cannot be used for 
growing cattle is a more immediate obstacle to change. So what 
could be more natural than to set up (in 1974) a research institute 
for the battle against the tsetse fly? That was the calculation. 
Broadly speaking, the calculation was correct; a handful of 
dedicated and able scientists in Nairobi have been able to make 
substantial progress. There is talk of vaccination (of cattle) and of 
the development of resistant breeds. The trouble is that the 
laboratory and its management have been fighting not merely 
against the tsetse fly but also among themselves. 

The most spectacular casualty of this squabbling is Dr A. C. 
Allison, whose resignation after a dispute with the board of 
trustees was*required just a year ago. Can a laboratory that so 
lightly dispenses with the services of such a distinguished 
immunologist have serious work to do? That is what outsiders are 
bound to think. In practice, the board of trustees has scraped 
along, appointing an acting director of the laboratory first (for 
three months from | January this year) Dr C. Wells, the new 
chairman of its trustees, previously the head of the Canadian 
public veterinary service who is, by common consent, the man 
most likely to rescue ILRAD, and then Professor R. Zwarte from 
the University of Utrecht, who is also the chairman of the search 
committee for the new director of the laboratory. Between them, 
the members of the search committee have recommended to the 
trustees that the fourth director at ILRAD should be Dr Ross 
Gray from the University of Edinburgh. At their next meeting 
towards the end of July, the trustees will be required to decide one 
way or another. 

Trustees of all kinds of bodies are constantly being faced with 
such dilemmas; which of two proposals to plump for? On this 
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occasion, the managers of ILRAD should firmly say that they are 
not ready to make sucha simple choice. In due course, to be sure, 
they may be able to enjoy such a clear-cut luxury. Before that, 
however, they must understand what has gone wrong at Nairobi. 
Why have they quarrelled so much among themselves (and why 
have they nevertheless allowed their numbersto. grow}? How does 
it come about that so much good research has been done at 
ILRAD while such bitter fights have been carried on? Could it 
perhaps be that those working at the bench know as clearly as 
they that Africa will not feed itself until the tsetse fly is beaten? 
And if so, should they not invest time in putting their structure 
right? The cause is too good to be neglected. 


Loose ends on evolution 


Next week the trustees of the British Museum (Natural History) 
will be meeting and will probably be mulling over, as has been 
their custom for the past several months, the latest batch of 
correspondence to appear in Nature and elsewhere about the 
museum of which they are the custodians (and whose name they 
should change). Some weeks ago (see Nature 4 June, p.373), Sir 
Andrew Huxley was complaining at the centenary celebrations of 
the ‘‘obscurities and irrelevances’’ of much of this 
correspondence, but it is improbable that the trustees will feel able 
to skip that part of their agenda. By way of explanation, Sir 
Andrew also invited his listeners to reflect that in giving house- 
room to these supposedly empty but entertaining letters, Nature 
was simply following other commercially-based journals which 
supply their readers with sensation. (The treatment by The Times 
of London of a recent sensational murder trial was mentioned.) 
Readers will no doubt decide for themselves whether the charge is 
justifiable, but that it is based on a scanty knowledge of how the 
press works is beyond dispute; the most immediate danger for 
Nature is that readers will become so bored that they will take to 
buying some other journal instead. This is one of the reasons why 
it has now been decided that the present round of correspondence 
must cease at the end of this month, whether or not the museum 
has by then chosen to reply to the issues cf substance that have 
been raised. 

Nature’s role in this controversy is by ne means as malevolent 
as some al the museum suppose, Like any other journal, Nature is 
to a large extent in the hands of its readers. If people write to say 
that this or that feature of public policy is mistaken, its first duty is 
to consider seriously whether what is said deserves.a hearing. L. B. 
Halstead’s original complaint that cladism has too great an 
influence on the museum’s exhibition policy (see Nature 288, 208; 
1980) is interesting and, if true, important. His farther claim that 
cladism is a cloak for Marxism because Marxist-evolutionists tend 
to be cladists is illogical (and has been disowned) but is 
nevertheless an interesting observation even if not strong enough 
to stand on its own; Halstead will no doubtexplain what he meant 
before the month is out. The most remarkable feature of the 
correspondence that has occupied the past several months is that 
it has acquired a life of its own. The original issues have been 
subsumed in others, while questions have arisen about other 
matters — the physical arrangement of themuseum, for example. 
From time to tiem, Nature has sought to channel the argument, 
but not with conspicuous success. The relevance of 
cladistics to evolutionary studies remains unclear; its place in 
exhibition policy is a puzzle. The issue of punctuated (as distinct 
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from gradual) evolution has been raised but not resolved (and 
cannot be as yet). The status of the theory of evolution — 
metaphysical or otherwise? — is still disputed, but the museum is 
probably too agnostic on these questions. 

The museum in its public role deserves some sympathy. 
Nobody should underestimate the difficulties of a public 
institution in mounting a defence against such a variety of 
charges. The most obvious difficulty is that the scientific members 
of this important institution differ among themselves both on the 
weight they give to this or that aspect of evolutionary theory and 
also in their opinions of the public exhibition policy. There are 
now suggestions that some cf the criticisms that have been raised 
in correspondence and by Nature are concealed attacks on 
individual members of the museum (and Sir Andrew used the 
phrase ‘‘centering around the scientific thinking of members of 
the museum’s staff’’). This is not the case. The most controversial 
member of the staff, the head of the Public Services Division 
which is responsible for the exhibition policy, is acknowledged to 
have a flair for work of this kind, and would presumably plough 
some other furrow with equal skill if the trustees chose to change 
course. The trustees’ problem is to devise a unified policy in 
circumstances in which the staff of the museum, distinguished as 
independent scientists, cannot be expected to toe some well- 
defined line. The museum should soon pay some attention to the 
problem (which afflicts all public laboratories) of how to marry 
the need for some coherent outward face with the inevitable 
diversity of opinion among its staff. The museum, which 
courageously has not been afraid to amend the most (and 
needlessly) tactless part of its newest exhibition, might think of 
helping other public institutions to a seemly solution of this 
increasingly common problem. 


Public but going private 


Is the British government about to be still more beastly to the 
nationalized industries it has reluctantly inherited? There are 
several signs that this may be the case. Last week, the government 
decreed that the British Gas Corporation (which has for a year 
been resisting the proposal that it should cease to be a major 
retailer of domestic gas-burning equipment) should sell its half- 
share in a small onshore oil field in Dorset, evoking the 
predictable chorus of anguish from the corporation, which is 
plainly unsure whether it is a public utility or a kind of 
conglomerate. A more important development has, however, 
gone comparatively unnoticed. For now, it seems, the British 
government is bent on making public agencies in the United 
Kingdom abandon their long-standing belief that their own 
definition of their own needs should properly take precedence 
over the needs of their customers in the marketplace. The 
document put out by the Department of Industry in mid-June, 
formally a reply to the perceptive report Research and 
Development for Public Purchasing put out by the Advisory 
Council for Applied Research and Development more than a year 
earlier, promises — or threatens — substantial changes in the 
pattern of British research and development. 

The problem is uniquely British. The original report estimated 
that at least 40 per cent, and perhaps a half, of all applied research 
and development carried out in the United Kingdom is (or was, in 
1975) determined by the needs of British public agencies. The 
public agencies (government departments, nationalized 
industries and the research councils) are also eager researchers in 
their own right; public in-house research and development was 
running at roughly a third of all British research and development 
in 1975. A rather greater proportion of defence research and 
development (some 60 per cent) is put out to private industry ona 
contract basis than in other fields of the public interest, but this 
appearance of virtue may be illusory in that the chief beneficiary is 
the aerospace industry. 

The Advisory Council’s perceptive complaint, in February 
1980, was not that the sums of money involved were too large 
(which is a different argument) but that government departments 
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and. nationalized industries have wrongly chosen the line of 
demarcation between themselves and private industry. For, in the 
most general sense, the objective of most public spending on 
applied research and development is to define the specification of 
some product — an aircraft or a repeater ina submarine telephone 
cable — whose manufacture will afterwards be put out to tender. 
Manufacturers are always willing enough to put in their bids. 
Who, after all, wants to turn down business, especially from a 
customer that can always print the money to pay for what it buysif 
it cannot otherwise get the funds? The snag, and the chief 
conclusion of the Advisory Council’s report, is that in the cosy 
relationship that grows up between a paternalistic public sector, 
willing to shoulder all the cost of research and development itself, 
and would-be suppliers, scant regard is paid to the long-term 
interests of the public contractors. Too little of what they make 
for British government agencies will sell easily elsewhere. Too 
little of what they spend on research and development goes on the 
improvement of products that will sell in the wider marketplace. 

The Advisory Council’s analysis is by no means new. In the 
1960s, after a long period of an over-cosy and restrictive 
relationship with the British Post Office, even the suppliers of 
telecommunications equipment came to appreciate that the 
benefits were illusory (yet not a lot has changed since then). The 
novelty of last year’s report was that it advocated a few simple 
rules of thumb for distributing the balance of research and 
development between public customers and private contractors. 
Government and other public agencies have a proper right, evena 
duty, to carry out research suggesting ways in which the character 
of their operations may be improved or ways of improving or 
monitoring the conduct of their existing operations, in matters 
such as safety. On the other hand, if goods and services are likely 
primarily to sell to other public customers, the supplier should 
carry out the necessary research, perhaps with some public help. 
In intermediate cases, public and private responsibility for 
research and development should be shared. In general, more 
publicly supported research and development should be 
contracted out to private industry. 

Rarely can a government’s reply to the report of an advisory 
committee have been as fulsome. With a few justifiable quibbles 
(where the government is anxious to avoid robbing nationalized 
industries of their formal autonomy), all the principal 
recommendations are enthusiastically endorsed. Three 
government departments (including that for defence, the biggest 
spender) are said already to have decided to put out more of their 
research and development. Now the nationalized industries are to 
be asked to follow suit, but also to find ways in which their own 
research establishments can sell services overseas. So is a new day 
dawning for applied research and development in Britain? 

The government’s enthusiasm is accounted for by its ideology. 
For months (it seems like years) the government has been talking 
about ‘‘privatization’’. The Advisory Council’s arguments are 
more objective and thus more persuasive. But everything depends 
on how effectively the new prescription is carried out. Here doubt 
persists. The government is probably right not to follow the 
Advisory Council in the suggestion that there shOuld be an 
independent board to supervise the fashioning of a new 
relationship between the public and private sectors in every 
nationalized industry, but the result will be that final decisions 
will be made within government departments all too comfortable 
with past relationships. Conscious as many of the departments 
will be of the difficulties of managing a substantial shift of 
resources (for their own laboratories for example) the 
departments will draw the new lines of demarcation cautiously. 
This is the respect in which both the original recommendations 
and the British government’s response are inadequate. If the 
balance of research and development between the public and 
private sectors is to be shifted substantially, there needs to be 
some way of anticipating the problems that will arise (such as 
those afflicting the 75,000 or so people on the government’s own 
research payroll). And there needs also to be, for this purpose and 
others, some means of letting ministers and taxpayers know what 
is happening, or about to happen. : 
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White-hot technology lives on in France 


New minister 
plans great 
leap forward 


Paris, June 

Part of the mystique of the new Socialist 
government in France isits almost religious 
attitude to science, which has startled those 
on the left who are habitually critical of 
modern technology. Thus.:the left-wing 
daily Libération last week-described the 
Minister of State for Science, Jean-Pierre 
Chevènement, as a' man who embraced 
growth for growth’s sake and sought 
Soviet-style state control of science. There 
was no room in Chevénement’s policies, 
said Libération, forthe ecological movement 
or for the debureaucratization, 
demilitarization and democratization of 
science. 

This is in part true and part false. 
Chevènement has lost no time in gathering 
his powers but he is also calling for greater 
democracy in science planning going 
beyond the ‘‘democracy of the party 

- faithful’’. He wants science to be ‘topened 
up’’, but chiefly towards industry. And he 
is not much interested in the environ- 
mentalists. On energy policy he is strongly 
pro-nuclear. And he will have no control of 
military science, which absorbs 37 per cent 
of a total French research and development 
grant of 50,000 million French francs 
(£5,000 million). 

Chevénement sees science rather in the 
terms of Mr Harold Wilson’s British 
government of 1964. It is the white heat of 
the technological revolution in which to 
forge socialism. Science has an ‘‘ethical 
value”, he says, in that ‘‘there is no 
socialism without research”. He includes 
in the term ‘“‘research’’ most forms of new 
knowledge — such as social science, which 
may see a resurgence. 

Science in the new government will be 
expected to help raise the French Gross 
National Product, to pay for the recon- 
struction of French society that the 
Socialist Party has in mind. Some think 
that an annual:growth of 3-4 per cent of 
the GNP will be needed, compared with 
0-1 per cent at present, whence 
Chevénement’s interest in links between 
science and industry. 

During the interregnum, Chevènement 
battled for weeks with Pierre Joxe, then 
Minister of Industry, for control of certain 
key agencies. In the end he appears to have 
won, although the relevant decree is not yet 
signed. Joxe has left the government to 
head the Socialist Party in the new 
assembly, and the promised decree should 
give Chevénement the powers he wants. 

Specifically, he wants full control of the 
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Centre National de la Recherche 
Scientifique (CNRS), the principal body 
supporting basic science (including social 
science and humanities) in France; of the 
Agence Nationale pour la Valorisation de 
la Recherche (ANVAR), which primes the 
innovation pump by seeking ideas in 
universities and government laboratories 
and supporting their development in 
industry; of the Mission Interministerielle 
pour l'Information Scientifique et 
Technique (MIDIST), an interministerial 
agency which seeks to improve the national 
flow of information on science and 
technology; and of the Délégation 
Générale à la Recherche Scientifique et 
Technique (DGRST), which will perform 
as his administration. 

Chevénement (subject to the decree) has 
also won power over other research 
agencies which will remain nominally 
within their present ministries. He will be in 
control of their budgets, which gives him 
effective power over their work but not 
their appointments — a formula he 
proposed to save ruffled feathers at the 
ministries he was plundering. These are the 
Commissariat a l’Energie Atomique (non- 
military work only), the Centre National 
d’Etudes Spatiales and the agricultural, 
medical, ocean science and overseas 
development research councils. In total, 





Chevénement, ready l0 80... 


Chevénement will control directly a budget 
approaching FF 20,000 million. 

If the government can hold to its election 
promises, this budget should rise by some 
10 per cent a year until 1985; and by means 
of low interest loans to industry for 
research and development projects, the FF 
30,000 million industrial sector is planned 
to rise at the same rate. 


For the moment, Chevènement -= 


Universities jeopardize German budget 


A row in West Germany over the 
funding of new university buildings 
culminated last week in the rejection of the 
entire federal budget for 1981. The 
Bundesrat, the upper chamber of the 
parliament whose members are the 
presidents of the eleven Lander, threw out 
the budget approved on 6 June by the 
Bundestag, the lower house, on the 
grounds that it makes insufficient 
provision for new construction in 
universities. It was the first time since 1963 
that the Bundesrat has overruled the 
Bundestag-approved budget. 

The majority of Lander governments 
claim that by allocating only DM 680 
million for university construction in 1981, 
compared with the DM 850 million 
originally planned, the federal government 
is reneging on its constitutional obligation 
to meet half of the costs with the Lander. 
The Bundesrat says that the reduced sum is 
not enough to pay for projects already 
under way, let alone for embarking on new 
ones. Herr Albrecht, president of the 
Bundesrat, is said to believe that a figure 
nearer DM 1,300 million is needed if the 
universities are to expand to meet rising 
demand. So great is the sense of grievance 
of the Lander governments that they are 
claiming that the Bundestag has violated a 
basic constitutional law — which states that 
the costs of construction should be shared 
equally between the Lander and the federal 


government — and they are taking their 
case to the constitutional court. 

The matter has also been referred to an 
arbitration committee which is due to meet 
next week. An earlier attempt at 
compromise, which would have 
guaranteed the Länder reimbursement 
after 1984 for extra money spent in 1981, 
failed. But it is now hoped that the Lander 
will agree to accept reimbursement of DM 
120 million in 1982 and the remaining DM 
50 million in 1983, 

Until this year, cuts in the West German 
federal budget were practically unheard of. 
But the worsening economy has forced the 
government to look for savings. The 
Lander have used the constitutional 
obligation on university construction 
funds to challenge the government’s plans 
for savings and are said to favour cuts in 
agencies with large bureaucracies such as 
those dealing with employment and social 
security. 

West Germany has been expanding its 
universities since the early 1970s and has 
already spent DM 25,000 million, mainly 
on upgrading technical colleges to 
university status. The plan is to invest 
another DM 20,000 million if the economy 
can stand it. 

The recurrent grant to universities, 
which is paid by the local Lander 
governments, is not involved in the 
dispute. dudy Redfearn 
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assuming the decree is forthcoming — has 
three targets. 

First, there is an adjustment to the 198] 
national budget, due in July. Here 
Chevénement does not expect much 
money, but he has promised $25 new 
research jobs among his agencies, 200 of 
them for scientists (the rest for 
technicians). In the agencies over which he 
has full control (such as CNRS) he will 
favour the social sciences, basic biology, 
medical sciences and (surprisingly) 
environmental science. 

Second, there is the full 1982 research 
budget, to be fixed in August this year. 
Here Chevénement plans the full 10 per 
cent growth, in real terms, and plans to 
make biotechnology, microelectronics and 
robotics priority subjects, and to support 
ailing but important subjects such as 
chemistry. 

Third, in 1982 he will seek a “‘loi de la 
programmation de la recherche’, in which 
the National Assembly would vote a firm 
five-year plan and budget within which his 
ministry could operate without fear of 
political setback year to year. Such a “‘loi 
programme” has not been tried before 
outside defence, and it will be a supreme 
test of Chevénement’s undoubted political 
powers to get such a law approved. 

To that end, he is calling a national 
colloquium of scientists and others 
interested in science policy for December 
this year, to thrash out a ‘‘new politics” for 
science and rally support. Robert Walgate 


US science research 
Keyworth reassures 


Washington 

In his first public appearance since being 
nominated as President Reagan’s Science 
Advisor and director of the Office of 
Science and Technology Policy, Dr George 
A. Keyworth IH said last week that the new 
Administration ‘‘views basic research as a 
vital investment with a good return’’, that 
it would seek to increase industry’s involve- 
ment in research and development and that 
greater international collaboration was 
essential in such capital-intensive fields as 
high-energy physics and space research. 

On a less positive note, he warned that 
the United States could no longer expect to 
dominate research in all scientific dis- 
ciplines and should accept that ‘‘our 
country has relinquished its pre-eminence 
in some scientific fields’’. He also stressed 
that support for research should be aimed 
primarily at those areas considered impor- 
tant for industrial, military or other 
essential technologies, or where efforts 
were proving particularly productive, such 
as computer science and genetic 
engineering. 

Dr Keyworth’s remarks were made in a 
speech to a meeting organized by the 
American Association for the Advance- 
ment of Science (AAAS) to discuss recent 
trends in the federal research and develop- 
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ment budget. Many of those present were 
impressed that although Dr Keyworth, a 
41-year-old nuclear physicist who has spent 
most of his career at the Los Alamos 
Scientific Laboratory, has virtually no 
experience of Washington science policy 
circles, his remarks demonstrated a grasp 
of many of the issues facing the 
Administration. 

Asked about attempts by the Office of 
Management and Budget to apply strict 
cost-accounting procedures to university 
scientists, for example, Dr Keyworth 
replied that he himself had never been 
required to punch a time-clock, but that 
there were arguments about public accoun- 
tability that needed to be closely con- 
sidered. He also expressed concern at the 
possible damage to international relation- 
ships that might follow budget-based 
decisions to withdraw from projects such 
as the International Solar Polar Mission, 
being planned jointly with the European 
Space Agency. 

In his speech, Dr Keyworth emphasized 
that he saw his role as an ‘‘objective 
adviser” in the White House rather than an 
inside lobbyist for the engineering and 
scientific communities. ‘‘The Science 
Advisor in this Administration perhaps 
more than in any other will be an important 
member of a team of domestic and inter- 
national advisers’’, he added. 

The content of his speech made it clear 
that Dr Keyworth is likely to pursue many 
of the same goals as his predecessor, Dr 
Frank Press. Referring to the need to 
reduce the burden of ‘‘unnecessary”’ regu- 
lation on the private sector, he said that the 
Office of Science and Technology Policy 
would continue to work closely with others 
in the Administration to strengthen the 
scientific foundation of federal regulatory 
decision-making. 

However, Dr Keyworth, who has been 
closely involved in nuclear weapons 
research at Los Alamos, said he believes 
that ‘‘our country’s military might should 
be second to none’’, and has also been 
reported as saying that within the new 
Administration ‘‘science and engineering 
that support the development of a stronger 
defence have top priority.” 

In previous administrations such 
remarks might have been taken as a warn- 
ing signal by the biomedical research 
community. But the commercial potential 
of genetic engineering, being a rapidly 
expanding field of high technology, seems 
to have kept such research in favour. “In 
general, I think we will see continued 
strong support for the biological and bio- 
medical sciences’’, Dr Keyworth said, 

Other speakers from the Administration 
who addressed the AAAS meeting 
supported the contention that basic 
science had little to fear from Mr Reagan, 
and that cuts in the research and 
development budget were intended to fall 
primarily in those areas where private 
industry might shoulder responsibility. 

Many of those attending the conference, 


however, were not totally convinced. 
Several questions were raised about the 
Administration’s proposal to eliminate 
science education programmes at the 
National Science Foundation (some of 
which appear to have been salvaged by 
Congress). Others, such as Dr Ronald W. 
Lamont-Havers, director of research 
policy at the Massachusetts General 
Hospital, expressed concern that even 
though the Administration might believe in 
the need to support scientific excellence, 
budget constraints on research funding 
were likely to result in high-quality research 
not receiving adequate federal backing. 
David Dickson 


EEC university qualifications 


Degree of agreement 


Brussels 

Education ministers from the European 
Community’s ten member states, meeting 
in Luxembourg in June, considered the 
tricky problem of improving the mutual 
recognition of diplomas and periods of 
study undertaken at higher education 
institutes. 

In theory the principle of the freedom of 
employment set out in the Treaty of Rome 
should guarantee that a qualification 
gained in one member state should open 
the same economic doors in another state, 
but this is far from being the case. As one 
example, a teacher with a degree from the 
University of Lille who spent her working 
life in Belgium was not granted her full 
pension rights because the Belgian state did 
not recognize her qualification. 

No one has been foolhardy enough this 
time to suggest establishing a Euro-degree 
on the lines of the much-maligned Euro- 
loaf or Euro-beer. The low-key approach 
adopted by the European Commission is to 
improve the availability of information. 
EURYDICE, the European information 
network on education which became 
operational last year, would link up with 
national units to provide information in 
five key areas — entry requirements for 
first degrees, transfer without loss of 
acquired rights from a course started in one 
country to a similar course in another 
member country, requirements for post- 
graduate studies or research in another 
member state, finding work in a member 
State with qualifications obtained in 
another, and details of career develop- 
ment. 

The Education Council has approved 
these ideas and the Commission has until 
March 1982, when the education ministers 
meet again, to put forward some precise 
ideas on implementing the scheme. 

But this leaves the crucial problem 
untouched. Should the Community risk an 
outcry from the academic world by forcing 
universities to accredit each others’ degrees 
with the same value and worth? Desirable 
though that would be as a means of 
increasing the mobility of European 
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academics, it would ride roughshod over 
the treasured traditions and autonomy of 
the institutions. 

As a principle or ideal it was welcomed 
by the ministers and has few opponents in 
the academic world. The difficulty is that 
the Education Council realized that the 
edict cannot be enforced by law. Efforts 
over the past twenty years to encourage bi- 
lateral or multilateral agreements have not 
kept pace with the growth of higher 
education and diplomas. The Commission 
has now been instructed to persevere in its 
efforts to find ways of encouraging more 
agreements. 

Jasper Becker 


High-energy physics 


CERN ina hole 


The Large Electron Positron ring (LEP), 
the future project of the European centre 
for subnuclear research (CERN) near 
Geneva, has run foul of a small group of 
environmentalists formed a decade or two 
ago to protect the Jura Mountains, north 
of the CERN site, as a national park. Last 
week the group obtained an injunction at a 
Lyon tribunal which annuls CERN’s 
licence to bore an exploration gallery for 
the LEP tunnel into the Jura. 

The Lyon decision rests on a 
technicality. It stipulates that the 
exploration gallery is not a ‘‘temporary 
construction’’, as it must be according to 
the law under which CERN began drilling, 
but a permanent one. CERN counters that 
if the tunnel revealed that the construction 
of LEP would be impossible, then the work 
would indeed be temporary. However, 
CERN intends to use the 4 km tunnel as an 
entrance gallery if LEP goes ahead — so 
their position was not too strong. 

Meanwhile, CERN has not been 
informed officially of the injunction. 
Being an international organization, its 
relations with states — including 
Switzerland and France — on whose 
territory it rests, are mediated through the 
foreign ministers of those states; and there 
will now be an internal wrangle in France 
either to get the Lyon decision overruled, 
or to gain approval for the gallery under 
another law., 

The conservationists, the Association de 
Protection de la Nature Gessienne (that is, 
of the Pays de Gex where the gallery was to 
be drilled), are worried about potential 
damage to natural springs in the region, 
and atmospheric pollution from LEP 
power supplies and cooling systems. 

The group timed its injunction well: it 
coincided with the mid-year CERN 
council meeting at which national 
positions on the LEP project were being 
sounded. In the event, the French delegate 
at the council, M. Yves Jacques, promised 
to appeal against the Lyon decision at the 
highest court — the Conseil d’Etat — and 
the voting was as previously expected: eight 
clearly in favour and four undecided. Of 
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the latter, Denmark expects parliamentary 
approval soon; after a confusing general 
election, the Netherlands wishes to delay a 
decision; Sweden is in similar position 
after the collapse of the Conservative 
government; and Norway wishes to wait 
until after its general election on 14 
September. 

A committee of the CERN council is to 
meet in October, and if member states 
are then ready, a full meeting could be 
convened to reach the unanimous approval 
that CERN seeks. (Strictly the eight-to- 
four majority is sufficient, as LEP will 
come within the normal CERN budget; but 
unanimity on such a big commitment — 
more than SF 600 million (£150 million) for 
five years or more — is thought politic.) At 
that final meeting, which could be delayed 
to December, the central issue is likely to be 
not whether the states all approve of LEP, 
but at what budget they want it built — 
which affects the speed of LEP 
construction. Argument on the budget was 
heated in the meeting last week, and no 
agreement was reached. Robert Walgate 


Polish economy 
Culling ministries 


The Polish government’s plans for 
economic recovery will be based on a major 
restructuring of the country’s production 
ministries, Prime Minister Jaruzelski 
announced in the Sejm (parliament) 
recently. During the past few years, there 
has been a tendency for Polish ministries to 
proliferate ~ for example, separate 
ministries for the metallurgical industry, 
for the engineering industry, and for heavy 
and agricultural machinery existed at the 
same time. Even during the past few weeks, 
there have been suggestions that some of 
Poland’s most urgent problems, environ- 
mental protection and geological surveying 
among others, could best be tackled by 
creating new ministries. 

The new plan proposes replacing ten 
existing ministries with four larger ones. 
These four would cover agriculture, food 
procurement and production, and 
forestry; mining of coal and lignite and 
energy production; heavy industry and 
machine construction; and chemical pro- 
cessing of timber, natural and artificial 
fibres, and the ceramics, glass, cellulose 
and paper industries. 

General Jaruzelski went on to remind the 
Sejm of some of the mistakes of past years, 
when separating the mining industries 
from power production, and machine 
building from foundry production caused 
serious losses in productivity. 

The new proposals have not met with un- 
qualified approval. The Sejm Commission 
for Forestry and the Timber Industry is 
unhappy at combining forestry with 
agriculture, but the corresponding 
commission dealing with agriculture and 
the food industry seems fairly happy with 
the union. Vera Rich 
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US standards bureau 


Wider horizons 


Washington 

The US National Bureau of Standards, 
traditionally a preserve of the physical and 
engineering sciences, is being asked by a 
congressional committee to broaden its 
horizons and take on responsibility for the 
burgeoning field of biotechnology. The 
recommendation is one of several being put 
to the bureau as a way of ‘“‘enhancing the 
technological and scientific base of the 
nation’s industrial capability”. 

There has been little reaction yet from 
the Reagan Administration to the 
proposals, which have been drafted by the 
science, research and technology sub- 
committee of the House Committee on 
Science and Technology. Secretary of 
Commerce Malcolm Baldridge told the 
committee at a hearing in Washington last 
week that the whole internal organization 
of his department, which is responsible for 
National Bureau of Standards, is under 
review. He talked of an important role for 
the bureau — in helping to boost US 
exports by providing data about foreign 
product standards but said it was too soon 
to be specific about changes. 

The changes being proposed are in line 
with the findings of recent studies of the 
bureau, including reports from the General 
Accounting Office and the Congressional 
Research Service. In addition to its 
traditional responsibilities for weights and 
measures, several committee members, 
including chairman Doug Walgren, are 
convinced that the standards bureau could 
have a central role in fedéral efforts to 
stimulate technological innovation in the 
private sector. 

The bureau’s principal responsibility has 
been to help ensure the compatibility of 
measurement standards needed by 
industry, consumers, the scientific 
community and other organizations. In 
recent years Congress has given the bureau 
various additional functions, such as 
administering the Center for Fire Research 
and the Center for Consumer Product 
Technology. But often the bureau has been 
given a new role without adequate funding 
with the result that other programmes, 
have been cut back or eliminated. 

Last year both the Senate and the House 
of Representatives held authorization 
hearings on the bureau’s budget to explore 
possible remedies. Now the House 
committee is drafting a bill making the 
bureau’s responsibilities more explicit, but 
also intended to enlarge its contact with the 
broader research community. 

Many of the committee’s suggestions are 
uncontroversial. There is general agree- 
ment that adding the biological to the 
physical sciences would be appropriate, in 
particular in the development of standards, 
testing “ procedures and measurement 
instrumentation needed for the advance 
ment of biotechnology and genetic 
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engineering, although there is concern that 
the changes should not go too far for fear 
of conflict with work already being carried 
out by the National Institutes of Health. 

There is widespread support for a pro- 
posed amendment that would require the 
National Bureau of Standards to engage in 
international cooperation, and that it 
should maintain measurement research 
and development as its top priority. The 
bureau’s director, Dr Ernest Ambler, 
welcomed the committee’s recommend- 
ation that any new new functions should be 
provided with adequate funds and 
manpower. 

The committee’s suggestion that the 
bureau be given authority to promote 
economic growth by ‘‘contributing to the 
development of the basic technologies 
which underlie product and process 
development, technological innovation 
and productivity’’ raises greater 
difficulties. Although the bureau does at 
present support research aimed at the 
general enhancement of industrial 
innovation — for example in computers or 
machine tools — these are undertaken only 
when they can be shown to be 
measurement-related. Members of the 
committee argue, however, that in practice 





Support for Argentinian 
i Leblon, Brazil 


Professor Nicolas G. Bazan, sacked in 
controversial circumstances as director of 
the Biochemical Research Institute of the 
University of the South in Bahia Blanca, 
Argentina (Nature 14 May, p.100), was 
greeted enthusiastically at a symposium 
last month organized by the Argentinian 
Academy of Sciences in the city of 
Cordoba. 

Several of the foreign biologists invited 
to the symposium, on molecular aspects 
of the nervous system and memory, 
carried letters from their professional 
societies protesting against the dismissal 
of Bazan and the continued arbitrary 
attacks by the Argentinian government 
on scientists. Among them were letters 
from the American Society of 
Neurochemistry and from the European 
Society of Neurochemistry. In spite of the 
risks of reprisals, the Argentinian 
academy publicly endorsed these protests 
from the international scientific 
community. 

Bazan has been invited to visit the 
United Kingdom to attend the 
forthcoming biannual meeting of the 
International Society for Neuro- 
chemistry in Nottingham next 
September, where a special symposium 
on the human rights issue in Latin 
America is being planned. It will deal in 
particular with the situation of the several 
hundred Argentinian scientists who are 
reported as ‘‘disappeared’’. ‘‘arrested’’ 


or “summarily dismissed’’. 
| Maurice Bazin | 
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the bureau already seems to be stretching 
its definition of measurement in some of 
the research that it supports. If the 
organization feels it is limited by the terms 
of its existing statute, then the solution, 
they argue, is merely to change the wording 
of the legislation. 

Several witnesses at last week’s hearing 
felt the bureau could have the wider role 
envisaged in the proposed legislation. It 
would unduly limit the potential value of 
the bureau to the nation if its only activities 
were in the field of metrology. 

The committee suggests that the bureau 
strengthen its links with the academic 
community by being allowed to make 
grants and to award fellowships in science 
and engineering. But Mr William Carey 
executive officer of the American 
Association for the Advancement of 
Science and until recently chairman of the 
bureau’s board of visitors, warned against 
this on the grounds that “the granting 
business these days is bogged down with 
rules and controls for fiscal 
accountability” and that ‘‘adding another 
granting agency to the confusion would be 
regrettable”. 

How far the committee’s recommend- 
ations go will depend greatly on how far 
they agree with the Department of 
Commerce’s own views. Mr Baldridge has 
already eliminated the position of assistant 
secretary for science and technology, the 
post previously occupied by Dr Jordan 
Baruch, a principal author of President 
Carter’s domestic policy review on 
industrial innovation. Upgrading the 
National Bureau of Standards would be 
one way of filling the resulting gap. 

David Dickson 


India in space 


Another orbit 


Lucknow 
India’s latest venture into space was the 
launch of the experimental 


telecommunications satellite, Apple, 
aboard the third Ariane test flight last 
month. Apple is unlikely to prove as 
successful as the Indian Space Research 
Organisation must have hoped after one of 
the two solar panels failed to deploy shortly 
after launch. But there is a chance that such 
a small satellite, 616 kilogrammes, can 
operate satisfactorily with one solar panel 
for long enough for the bulk of the 
experimental work to be done. 

The Apple programme is only one of the 
fronts on which India is advancing into 
space. At the end of May, as part of the first 
developmental flight of its satellite launch 
vehicle SLV-3, India placed a 
38-kilogramme satellite into a low Earth 
orbit. That was the second satellite to be 
put into orbit using the Indian rocket, the 
first having been launched last July (Nature 
286, 324; 1980). 

The latest Indian-launched satellite, 
designated RS-DI, carried a solid-state 
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sensor capable of identifying salient 
features on the Earth and transmitting data 
back to the ground stations. 

The main objective of the Apple satellite 
launched on Ariane but built at the Space 
Application Centre in Ahmedabad, is to 
gain experience in the operation and 
management of communications satellites. 
Yet another satellite, Bhaskara II, is due 
for launch at the end of the year and is for 
the development of remote sensing 
technology. 

Experiments planned for Apple include 
logging the movements of railway wagons 
and of railway passenger reservations in 
large cities, the setting up of an inter- 
library information system and the devel- 
opment of a ‘‘national classroom” for 
postgraduate engineering students at the 
five Indian Institutes of Technology. 
Under the last programme, students at the 
five centres will be given televised lectures 
and be able to question the lecturers 
directly, Zaka Imam 


Occupational health 


US industry to pay 


Washington 

In a decision that represents a victory for 
the US labour movement and a major blow 
to the Reagan Administration’s efforts to 
reduce the burden of health and safety 
regulations on private industry, the US 
Supreme Court has ruled that the 
Department of Labor’s Occupational 
Safety and Health Administration (OSHA) 
is not required to carry out rigorous cost- 
benefit analyses of new regulations 
covering exposure to toxic substances 
before the rules are put into effect. 

The drive to put occupational safety and 
environmental regulations on a strictly 
cost-benefit footing has been central to the 
new Administration’s ‘‘regulatory 
reform” strategy. In line with this, the head 
of OSHA, Mr Thorne Auchter, asked the 
Supreme Court in March to delay a 
decision on whether regulations 
introduced by the Carter Administration in 
1978 to reduce workers’ exposure to cotton 
dust were invalid since they had not been 
accompanied by a thorough analysis of the 
relative costs and benefits. œ 

However, the court has turned a deaf ear 
to the agency’s request. In a move that will 
now require both OSHA and the White 
House to ask for new legislation from 
Congress if it wants to pursue the strategy, 
the court ruled by five votes to three, with 
one abstention, that there is nothing in the 
law to require such analysis. Rather it has 
accepted the interpretation of OSHA 
officials under the previous adminis- 
tration, that the mandate requires the 
agency to do all it can to reduce health 
hazards to workers, short of bankrupting 
the industry concerned. 

The new cotton dust regulations, which 
are already being implemented by most 
large textile manufacturers, are aimed at 
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lowering the. incidence of byssinosis 
(brown lung disease) among the nation’s 
800,000 textile workers. In 1978 OSHA 
issued regulations requiring the permissible 
level of cotton dust to which workers could 
be exposed to be reduced from 1,000 to 200 
microgrammes per cubic metre of air. 

Even at the time the ruling was highly 
controversial. Whereas OSHA officials 
estimated that the cost of compliance to 
industry would be. about $650 million, 
industry itself put the figure at $2,700 
million. 

The Supreme Court’s decision is the 
final step in a legal challenge launched by 
the American Textile Manufacturers 
Association, asking that the rules be dis- 
regarded because the agency had not dem- 
onstrated that the expected benefits out- 
weighed the likely costs of implementation. 
If the appeal had been sustained, it would 
have allowed the Administration to 
proceed relatively unimpeded with its plan 
to apply strict cost-benefit analysis to 
various regulations already in effect — for 
example those covering exposure to arsenic 
and lead — with a view to reducing their 
severity. 

This strategy will have to be reassessed, 
now that the Supreme Court, in a ruling by 
Justice William J. Brennan, has concluded 
that OSHA is not required to carry out such 
an analysis, but merely to determine that its 
regulations are technically and econ- 
omically feasible. 

Although professing to welcome the 
justices’ verdict, since it formally supports 
the government’s position, OSHA officials 
also acknowledge that it is a set-back to 
their attempts to chart a new course for the 
agency that would be more congenial to 
private industry. Mr Auchter has already 
made clear his strong disagreement with the 
philosophy and policies of his predecessor, 
Dr Eula Bingham. 

Predictably the court’s verdict has been 
warmly welcomed by labour unions rep- 
resenting textile workers, but their jubil- 
ation may be premature, Already OSHA 
officials have revised their approach to new 
regulations in the light of last July’s ruling 
by the Supreme Court, in rejecting 
proposed new standards for exposure to 
benzene (Nature 286, 97; 1980). And 
following the cotton dust decision, a 
spokesman for the textile manufacturers 
said that the companies ‘‘continue to 
believe, as does the Administration, that 
cost-benefit analysis is an important 
element in achieving rational and cost- 
effective rule-making’’. 

But much of the fire has disappeared 
from the textile industry’s complaints, 
Many companies acknowledge that their 
calculations of likely costs were based on 
the conversion of old equipment and that 
new regulations have led them to buy new 
machines that have already produced sig- 
nificant gains in profitability. It is a silver 
lining that few would have expected when 
the regulations were hailed as a large black 
cloud over the industry David Dickson 


Dietary vitamin C 


Bigger daily dose? 


Britain’s answer to Linus Pauling now 
argues that the government should raise the 
recommended daily amount of vitamin C 
from 30 mg to 100 mg — enough to saturate 
body tissues with the vitamin, but nowhere 
near the ‘“‘megadose’’ levels Pauling 
advocates, 

The new British “Mr Vitamin C” is a 
mild-mannered Welshman, Dr R. Elwyn 
Hughes of the University of Wales Institute 
of Science and Technology. His book on 
the subject has just been launched by the 
British Nutrition Foundation, which 
though supported entirely by the food 
industry is at pains to provide ‘‘balanced”’ 
information on nutritional matters. The 
foundation supports Dr Hughes’s 
recommendation that the government 
should reassess the criteria by which 
recommended daily amounts are arrived 
at, but makes no commitment to the actual 
level of vitamin C we need, On this Dr 
Hughes — officially — stands alone. 

We owe the British recommended 
amounts to a group of conscientious 
objectors who in 1940 were subjected to 
zero vitamin C diets. They soon showed the 
symptoms of scurvy, and their intake of 
vitamin C was raised slowly until the scurvy 
disappeared. It disappeared at 10 mga day; 
so the government tripled this amount to 
allow a margin of error. 








Britain’s Pauling? 


However, the past decade has seen the 
discovery of useful functions for vitamin C 
other than just preventing scurvy, says Dr 
Hughes, such as involvement in lipid 
metabolism and atherogenesis; brain 
metabolism; carnitine metabolism (which 
relates to muscle fatigue and lack of 
stamina); resistance to infection; and the 
detoxification of potentially harmful 
drugs, including certain tranquillizers. 
Although such evidence is incomplete it is 
sufficient to commend tissue saturation 
levels of the vitamin, he concludes. 

According to British dieticians, the 
average daily intake of vitamin C in the 


content of two fresh oranges. But many 
people take much less. In a survey of old 
people’s homes in South Wales, Dr Hughes 
discovered average intakes of less than 20 
mg, and in some cases less than 10 me. 

Dr Hughes does not recommend. mega- 
dosage, however. lts benefits are 
unproved, he says. Half of any excess over 
saturation is swept out in the faeces, and 
the rest rapidly in the urine; and moreover 
there is evidence cf disadvantage, in 
particular that toxic metals can be forced 
across the placental membrane by high 
vitamin C fluxes. Robert Waigate 


Soviet mineral supplies 


Digging deeper 


Talk in the West of a "resource war” 
between the Soviet Union and the United 
States seems to have prompted a reaction 
from the Soviet Minister of Geology, 
Evgenii Kozlovskii, Talking on Radio 
Moscow, he said that speculation that the 
Soviet Union would soon become a net 
importer of mineral ores was mere Western 
propaganda. 

The minister’s statements may have been 
a response to the recent meeting of 
geologists and Soviet watchers at the Johns 
Hopkins University (see Nature 11 June, 
p.444), which concluded that while there 
was little evidence to support the view of 
some of President Reagan’s more 
“hawkish” advisers that the Soviet Union 
was deliberately waging a resource war, 
there did appear to be production 
difficulties in the Soviet Union leading toa 
cutback in mineral exports and the 
stepping up of imports. 

According to Kozlovskii, the Soviet 
Union can not only meet its own mineral 
requirements, but also has surpluses for 
export. Although his assertion that the 
Soviet Union has the world’s largest known 
deposits of coal, gas, iron, manganese and 
apatite is probably true, it does not follow 
that sufficient supplies are available to 
Soviet industry. 

At present, apparently, Soviet geologists 
are discovering new mineral deposits faster 
than the mining engineers can extract 
them. But there is still great emphasis on 
new methods of surveying for minerals, 
including satellite surveys and the drilling 
of deep and ‘‘super-deep’’ boreholes. 

Deep boreholes, in fact, are to play a big 
part in Soviet geophysical research in the 
1980s. The first such hole, on the Kola 
peninsula, reached a depth of 10,800 
metres and a new hole to be drilled in 
Western Siberia is thought to be of 
particular significance because of hopes of 
finding oil deposits in Pre-Jurassic strata at 
depths of between 5,000 and 7,000 metres. 
Even deeper drillings are being planned, to 
depths of greater than 13,000 metres, 
where high ambiert temperatures (up to 
350°C) and high pressures will require new 
drilling techniques and monitoring 
Vera Rich 
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Defence for Chelsea 


Sir — Your correspondent, in summarizing 
the recommendations of the Committee on 
Academic Organisation of London University, 
has failed to comment on an alarming feature 
of the discussion document. The committee 
state that their judgements on academic 
standards in institutions are based on “general 
reputation’ and their own personal opinions. 
It is on this basis that it is implied that the 
majority of departments at Chelsea College 
are not of the standard of the university at all. 
How else can those who survive the proposed 
“peer review” be accommodated on a “‘single 
site’, given the present size of the college? 

The University of London is a great, but 
complex, institution. It faces brutal cuts in 
funding over an alarmingly short period of 
time and it was thus wise to have set up the 
Committee on Academic Organisation under 
Sir Peter Swinnerton-Dyer to assess the 
implications of the expected cuts and advise on 
their implementation with minimal damage to 
academic standards. But the committee has 
yielded to the temptation of extrapolating 
objective financial analysis into arbitrary 
recommendations based on subjective and 
highly damaging prejudgements. Instead of 
setting the scene for cooperative 
rationalization and contraction, the document 
has generated anger and dissention, 

The committee had already clearly 
established that for years the sub-allocation of 
the UGC block grant to London by the Court 
of the University has favoured certain colleges 
at the expense of others. Inevitably, the high 
unit-cost colleges, with their favourable 
facilities and staff ratios, have tended to attract 
more research grant monies than have the low 
unit-cost colleges. Nevertheless, and in spite of 
the conditions under which they have been 
forced to operate, the under-provided schools 
have not only become better integrated and 
more innovative than the giants, but contain 
many departments of true distinction. 

Yet the committee’s conclusion is that it is 
“unthinkable” that the necessary savings 
should be made where the high costs have been 
identified. Instead, the worst of the burden is 
to fall on colleges that, having been starved 
from the centre, are now judged, a priori, not 
to be academically excellent — as if, in any 
case, excellence can ever be ascribed to a 
college rather than to individual departments. 

Chelsea College has survived a succession of 
externally-engineered crises, and in the face of 
them has grown from strength to strength. 
Operating at exceptionally low unit-costs we 
still have built up departments that are among 
the biggest and best of their kind in the 
university, and some of which have a major 
international reputation. Why then have we 
been singled out for gratuitous attack? Is it 
simply and cynically that we are a sitting 
target, fully-stretched financially and spatially, 
and big enough if destroyed to spare others 
their share of the agony? 

A simple way to destroy a college is to 
malign its reputation, so that potential 
students and benefactors and the various 
grant-giving bodies shy away. If this is not 
what the committee consciously set out to do, 
then the publication of the discussion 
document represents a sad error of judgment. 

The attack on academic standards at 
Chelsea College not only offends us, it insults 





boards of studies of the university and its 
external examiners, jointly charged with 
maintaining standards in their subjects. They 
are, by implication, accused of incompetence. 

The committee should now retract their 
scenarios and their gratuitous insults to 
Chelsea and to the other colleges judged to be 
“‘weak'’, and leave the schools themselves 
voluntarily to suggest rationalization within 
objectively defined guidelines. Otherwise, the 
university should forthrightly reject as 
incompetent the latter part of the report. 

H. Baum 

Department of Biochemistry, 
Chelsea College, London SW3, UK 


Postdocs are OK 


Sir — I object strongly to your comments 
regarding the future for postdoctoral fellows 
in the United States (Nature 11 June, p.441). 
The 50 per cent increase in postdoctoral grants 
since 1972 represents an expansion of the 
equality of opportunity for recent graduates, 
and the federal policy-makers responsible 
ought to be applauded, rather than attacked 
with words like “demeaning employment’, 
“exploited”, and ‘‘scandal’’. You confuse an 
equality of opportunity with an equality of 
outcome. Sadly, this is a common confusion 
that muddies the minds of the liberal thinkers 
of both our peoples, and breeds frustration 
amongst the unfortunate victims that 
subscribe to their thought. 

The value of postdoctoral study and its 
“prize” of an academic post remain intact 
(88 per cent of the most recently appointed 
assistant professors in chemistry had done a 
postdoctoral stint” etc., p.443). For many, 
this study is preceded by an overkill of 
classroom exercises and examinations, and 
followed by endless faculty committee 
meetings and governmental paperwork, 
leaving only those precious postdoctoral years 
where one can devote full time to research, 
and attempt to achieve the scholastic maturity 
necessary for undertaking truly independent 
investigations. (Incidentally, independence is 
the mark of a ‘‘professional’’, not the social 
status, health insurance, or salary implied by 
your comments and the juvenile anecdotes of 
the disappointed. Anything less denotes hired 
help, regardless of training, qualification, or 
special ability.) The statistics of the Grodzins 
Committee fail to take into account those 
students of highest ability and fortune who 
achieve this maturity while earning their 
degree (all are supposed to) and therefore do 
not need a postdoctoral period of additional 
opportunity. For the remaining majority, it 
stands to reason that an increase in the 
numbers electing to enter this race for a fixed 
number of prizes will be followed by an 
increase in the numbers who do not win. Is 
that so surprising as to deserve front page 
coverage? Is it morally offensive? Is it 
indicative of someone in authority having 
failed in their responsibility, as you state? I 
think not. You propose that those who do not 
win “should be paid a bounty, a kind of 
retrospective recompense for deprivations”. 
Now that i do find morally offensive, lying 
somewhere between race-fixing and 
squandering public money on a losing 
proposition, or to be blunt, on losers. 

DEXTER B. NORTHROP 
University of Wisconsin-Madison, USA 


Cox sure? 


Sir — Barry Cox’s comments on the British 
Museum (Natural History) exhibit on Origin 
of Species (Nature 4 June, p.373) contain an 
incredible statement which must not pass 
without challenge. Otherwise, the creationists’ 
claim that evolutionary science is really dogma 
will have received the imprimatur of your 
journal. The statement is: 
“We [biologists] don’t even think that it 
[the evidence] could support a 
dramatically different scientific (sic) 
theory, in the way that earlier observations 
of the heavens were transformed from 
being compatible with an Earth-centred 
Universe to demonstrating a Sun-centred 
Solar System.” 
As a practising biologist, I wish to register my 
dissent. Surely, Dr Cox got carried away. Does 
he understand the implications of novel 
findings in genetics so completely that he can 
make such a statement with serenity? Is it 
certain that new data on genome organization 
and variation will not lead to fundamentally 
new ideas about the mechanisms of 
speciation? Have we fully assimilated the 
lessons of overlapping and interrupted coding 
sequences, mobile genetic elements, and 
somatic differentiation by chromosome 
rearrangements? With all due respect to Dr 
Cox and the many scientists who believe that 
the problem of evolution is solved “in 
principle’’, let me state my conviction that 
there is a great deal of aptness in the analogy 
between Ptolemaic astronomy and our current 
understanding of evolution. 
JAMES A, SHAPIRO 
Department af Microbiology, 
University of Chicago, Illinois, USA 


Fit for what? 


Sir — In his article (Nature 4 June, p.373) on 
the new Origin of Species exhibition in the 
British Museum (Natural History), Dr Cox 
quotes the sound track of a film loop “The 
Survival of the Fittest is an empty phrase, it is 
a play on words’’. This appears to refer to the 
widespread belief that “survival of the fittest” 
is a tautology, because our only measure of 
the fitness of an organism is its ability to 
survive. This is not so; in the long run survival 
is a problem for palaeontology, because fossils 
are our only evidence of what has failed to 
survive. And in palaeontology, there is a 
technique which can be used to esmate, fitness 
{in the ordinary dictionary sense). This uses 
the “paradigm” method developed by 
Rudwick! for testing functions inferred from 
structures in fossils. The structure concerned is 
compared with a paradigm which is the ideal 
for the performance of that function (due 
allowance being made for the nature of animal 
materials). Paul? has taken this farther, and 
compared with the appropriate paradigms a 
series of structures which perform the same 
functions in different primitive echinoderms. 
He concluded that, for the functions of 
protection, feeding and respiration, the 
echinoderms of the Cambrian and Ordovician 
were less efficient than their successors. 
Moreover, this was compatible with the 
elimination of the unfit by competition (which 
is “survival of the fittest’’ in reverse), 
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Modern light microscopy 


New techniques in electron microscopy 
have over the years been matched by 
innovations in light microscopy, which 
retains the unique advantage of being 
applicable to living cells. Two recent papers 
illustrate this well, and also emphasize that 
in several respects the conventional 
formula for the resolving power of a light 
microscope may be said to underestimate 
the potential of the instrument. 

The first, by Daniel Axelrod (J. Cell 
Biol, 89; 141, 1981), is about a new appli- 
cation to microscopy of total internal 
reflection fluorescence (TIRF), a branch of 
spectroscopy dating from the sixties. It 
complements another existing technique 
(also introduced about twenty years ago) 
called interference reflection microscopy, 
which can show up cell~substrate contacts 
as darker regions against a background of 
light reflected from other areas of cell 
surface. In the case of TIRF, however, the 
opposite situation applies: only the contact 
areas give rise to light collected by the 
objective. 

Light froma laser (Fig. 1) enters a glass or 
fused quartz cube at such an angle that it 
undergoes total internal reflection at the 
interface between a glass coverslip and a 
film of medium containing cultured cells. 
The cell membranes have previously been 
‘doped’ with a fluorescent label. Although 
geometrical optics predicts no transmission 
of light across the interface, electro- 
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from Michael Spencer 


magnetic theory shows that a disturbance 
which Axelrod calls an evanescent wave (a 
term. taken from diffraction theory) will 
penetrate into the liquid medium. This 
wave propagates parallel to the surface 
with an intensity that decays exponentially 
with perpendicular distance from the inter- 
face; although in the ideal theoretical case 
no energy crosses the boundary, many 
observers (from Newton onwards) have 
shown that this is not true in practice. 
Within a thin layer adjacent to the 
interface, fluorescent molecules can be 
excited by the evanescent wave. 

The depth d at which the wave’s intensity 
falls to 1/e of the incident value depends on 
the angle of incidence; the larger this angle, 
the smaller the value of d. It is possible to 
arrange that most of the fluorescence is 
confined to a layer only about 100 nm 
thick, which is considerably less than the 
wavelength of the light; even smaller values 
would be feasible with the use of high- 
refractive index components. The 
technique allows membrane-bound 
receptors, or elements of cytoskeletal 
structure, to be selectively labelled and 
shown up without interference from 
fluorescence arising elsewhere in the 
specimen. Furthermore, by varying the 
angle of incidence (and hence the depth of 
excitation) one can map the topography of 
the membrane facing the substrate. Figure 
l(c) illustrates the kind of picture that is 
obtained. 

The second paper concerns the appli- 
cation of polarizing microscopy to bio- 
logical systems. Shinya Inoue is the doyen 
of workers in this field, and has for many 
years been engaged in pushing the 
technique to the limits set by current 
technology. Visitors to the inner sanctum 
where he conducted some of his experi- 


Fig.l TIRE microscope apparatus for 
viewing cells in culture. (a) The optical 
system on the microscope stage; (b) 
magnified diagram of the evanescent wave 
at the coverslip/solution interface, 
exciting fluorescence of those portions of a 
cell in close contact with the coverslip. (c) 
Human skin fibroblasts labelled with a 
fluorescent marker and illuminated by 
TIRF. Angle of incidence 74.3°, d = 105 
am. Bar = 30 nm. From Axelrod, D. J. 
Celt Biol. 89, 141 (1981). 


ments were required to exchange their 
shoes for carpet slippers, lest particles of 
New England dust should contaminate the 
optical surfaces and give rise to unwanted 
scattering, His latest report (/. Cell Biol. 
89; 346, 1981) concerns the improvements 
now possible with the use of video image 
processing. 

The most serious problem in observing 
weakly birefringent objects in a polarizing 
microscope is that the method is a dark- 
field one; very little light is collected, and 
even if the dark-adapted observer sees 
something clearly, it can require a long 
photographic exposure to. record. the 
image. Furthermore, the background level 
is raised (and contrast reduced) by 
polarization effects arising at lens surfaces. 
Inoué tackled this problem, more than 
twenty years ago and showed that it could 
be ameliorated by the use of ‘rectified 
optics’ incorporating additional elements. 
However, this still does not enable one to 
use the highest-quality objectives that are 
essential for achieving maximum 
resolution, because these incorporate 
fluorite lenses that contain crystalline 
inhomogeneities whose effects cannot be 
compensated for. 

With video recording and reproduction, 
however, it is simple to subtract an 
unwanted background level electronically, 
and thus enhance the contrast. With a 
highly sensitive video camera one can also 
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Fig.2 Appearance of a diatom in video-polarized light microscopy, using a plan 

apochromatic objective. The left scene was adjusted to match that seen by eye through the 

ocular, while the right scene was electronically adjusted for optimum contrast. The diatom 

was embedded in a medium of nearly matching refractive index. From Inoué, S. J. Cell Biol, 
89, 346 (1981). 


reduce the exposure time for photography, 
so that rapidly moving objects can be 
followed. Just how striking the improve- 
ment can be is illustrated by Fig.2, which 
compares a diatom as seen by eye through 


the microscope with the image photo- 
graphed from a video system adjusted 
for optimum contrast. Comparable 
improvements are also posible in the field 
of interference contrast microscopy. 
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Inoue's paper includes pictures, taken by 


the ‘new technique, of beating cilia, 


acrosomal processes in the act of extending 
and rotating bacterial flagella. All of these 
have diameters much smaller than a 
wavelength of light. Dark-field 
photography of sub-microscopic objects is 
not, of course, new, but the use of 
polarized light adds new information 
about the orientation of macromolecules 
within the structures; in particular, 
birefringent structures show up without 
interference from the non-birefringent 
background. Inoué illustrates this point 
with a high-resolution picture of the ridges 
on the surface of an epithelial cell, 

He adds a caveat that to get the best 
results one must take account of the non- 
ideal performance of both optical and 
video components, and exercise great care 
in optimizing the illumination. The light 
levels are so low that by maladjustment one 
can easily lose the image in a background of 
instrumental noise. Such problems, and 
the rival merits of different commercial 
systems, are the subject of hot debate 
among the cognoscenti; there is no doubt, 
however, that future advances in video 
technology will give further boosts to the 


older branches of microscopy. Ci 


Michael Spencer is a Research Fellow in the 
Department of Biophysics at King’s College, 
London, 


Seabirds and oil: the worst winter 


from Chris Mead and Stephen Baillie 


LAST winter more oiled seabirds bearing 
rings were reported to the British ringing 
office than ever before: a total of 103 birds 
of ten species from December to March. 
Many were found in areas where ex- 
ceptional numbers of dead and dying oiled 
birds had been counted on beaches (see the 
figure). A single incident in the Skagerrak 
accounted for 22 ringed birds and resulted 
in a total of 30,000 oiled seabirds being 
found on beaches. Other areas where 
recoveries of ringed birds were 
concentrated suffered oil pollution from a 
variety of sources rather than the acute 
pollution from a single source experienced 
on the Skagerrak. The aggregate of 
beach counts of oiled birds in Western 
Europe last winter probably approached 
60,000 (ref. 1). 

The lack of comparative figures from 
earlier years for counts of beached birds 
over all the affected areas precludes the use 
of such counts for annual comparisons. 
However, details of ringing recoveries for 
many years are available and allow the scale 
of the oiling mortality of British 
populations to be assessed. The worst 
affected species, the two large auks 
guillemot (Uria aalge) and razorbill (Alca 





Chris Mead and Stephen Baillie are research 
workers at the British Trust for Ornithology, 
Tring. 


torda), spend a large part of their time 
swimming and are therefore likely to 
encounter floating oil?3. These two species 
accounted for 84 per cent of the oiled 
ringed birds. Information on the numbers 
of ringed birds at risk and numbers 
recovered from last winter and 1967-68 to 
1978-79 is given in the table. This shows 
that guillemots experienced four times as 
much oiling as usual and razorbills about 
three times as much. For guillemot, but not 
for razorbill, more birds were also ‘found 
dead’ than usual. These figures conceal 
some age-related differences between the 
two species. For guillemot the youngest 
birds were worst affected (4.5-fold 
mortality increase) with immatures 
suffering a2.3-fold increase but adults only 
1.4 times normal mortality. For razorbills 
only adults were badly affected (2.5-fold 
increase in mortality) with younger birds 
surviving as well as or better than 


‘normal. These results reflect the species’ 


different migration patterns*~®: most 
sub-adult razorbills winter well south 
of the areas of oiling and adult guillemots 
mostly winter close to the breeding areas 
which were unaffected by oil. 

Although several thousands of each 
species are marked each year, the ringing 
effort is not uniformly distributed 
throughout the birds’ breeding range in 


Britain and Ireland. There are four areas 
where it is possible to speculate about the 
effect of the 1980-81 mortality of 
guillemots: Orkney and Shetland, 
Grampian region, north-west Scotland and 
Saltee, Co. Wexford. If there is no 
compensatory increase in the survival of 
the remaining birds and the age of first 
breeding does not change, any excess 
mortality during a single winter might 
affect breeding numbers in three ways: 
immediately, by the loss of adults from the 
breeding population; annually for four 
years, by the loss of immature birds in 
second to fifth winters; and afteg four years 
by the loss of first year birds now entering 
the breeding population for the first time. 
When some allowance has been made for 
the variation in ringing effort, it seems 
likely that the guillemots from eastern 
areas have suffered worst. The Orkney and 





L Mead, C. BTO News 112, 1 (1981), : 
2. Andrews, J.H. & Standring, K.T. Marine Oil Pollution 
and Birds (RSPB, 1979). 

3. Mead, C.J. & O'Connor, R.J. Seabird Ringing Recoveries 
and Qil Pollution. (Evidence to Royal Commission on 
Environmental Pollution — BTO, 1980). 

. Mead, C.J. Bird Study 21, 45 (1974). 

. Lloyd, C.S. Bird Study 24, 102 (1974), 

. Birkhead, T.R. Bird Study 21, 241 (1974), 

. Birkhead, T.R. & Hudson, P.J Ornis Scand. 8, 145 
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. Seabird Group Seabird Counting Manual: Auks (1980). 
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Finding localities of oiled seabirds ringed 
in Britain and Ireland and reported from 
December 1980 to March 1981. Black 
circle — guillemot (Uria aalge: 65 records). 
White star — razorbill (Alcea torda: 22 
records). Black star — other species: 16 
records keyed as follows:.(F) Fulmar 
(Fulmarus glacialis: 2); (G) Gannet (Sula 
bassana: 2); (C) Cormorant (Phala- 
crocorax carbo: 1); (S) Shag (Phala- 
crocorax aristotelis: 3); (M) Red-breasted 
- merganser (Mergus serrator: 1); (B) Great 
skua (Stercorarius skua: 2); (K) Kittiwake 
(Rissa tridactyla: 3); (P) Puffin (Fratercula 

arctica: 2). 
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Winter mortality, December to February, for 1980-81 compared with 1967-79 for British 
and Irish ringed guillemots and razorbills 


Guillemot (Uria aalge) Razorbill (Alea tordaj 
1980-81 1967-79 1980-81 1967-79 
Ringed birds at risky 18,000 83,000 15,500 122,500 
Recoveries reported: 

“Oiled 68 20 55 
‘Found dead’++ 20 56 4 84 
Total 124 24 139 

Recoveries/!,000 at risk: 
Oiled 34 * 0.8 1.3. .* 0.4 
‘Found dead’ 5 0.7 03 On? 
Total 45 * 1.5 1.5 il 








* indicates significantly higher rate than for the other period with probability < 0.001 

+The figure for birds at risk has been calculated from the ringing totals reported over the ~~ 
last 25 years (1980 figures provisional) with allowance made for first year mortality (40 per < 
cent), annual immature mortality of 16 per cent and adult mortalities of 6 per cent for 


guillemot and 9 per cent for razorbill*-’, 


+4‘Found dead’ recoveries include only beached birds not reported as oiled. Birds known to 
- have been shot, snared or caught during fishing operations have been excluded throughout, 





Shetland guillemot populations will be 
reduced by 2 per cent immediately, 
followed by 1 per cent per annum for three 
more years and a further 4-5 per cent in 
1985 when the 1980 cohort should start to 
breed. It is possible that the guillemots 
from Grampian colonies may have 
suffered as badly. However, the adults and 
immatures from north-west Scottish 
colonies seem to have survived better but 
the increased mortality of first year birds 
will affect breeding numbers in four years. 
In this area 5 per cent of the breeding 
razorbills may have been lost. Saltee results 
indicate that neither species suffered 
particularly high mortality last winter. 
Even the largest predicted annual 


Moonquake meanings 


from Peter J. Smith 


As the Earth has earthquakes, so the Moon 
has moonquakes; and insofar as events of 
both types have definite foci, generate 
seismic waves and radiate energy, they are 
clearly recognizable as belonging to the 
same class of phenomena. Thereafter the 
resemblance weakens, for the distributions 
of lunar amed terrestrial shocks in both space 
and time are quite different. Whereas most 
earthquake epicentres lie along narrow 
bands coincident with major crustal 
features, moonquake epicentres exhibit no 
such correlation. Whereas earthquake foci 
lie at depths of 0-700 km, their 
counterparts in the Moon mostly occur in 
the depth range 700-1,100 km (deep 
moonquakes), although there are also a 
few at less well determined depths of rather 
less than 200 km (shallow moonquakes). 
And whereas earthquakes taken together 
demonstrate no clear temporal patterns, 





Peter J. Smith is in the Department of Earth 
Sciences, Open University, UK. 


deep moonquakes have a strong periodicity 
of 27 days. Lunar quakes also differ from 
the terrestrial variety in that they occur 
repeatedly at a limited number of foci. 
The reason for all these differences is 
evidently the influence of different tectonic 
styles, the importance of which is re- 
emphasized by new calculations of lunar 
seismic energy and moonquake source 
parameters carried out by Goins ef al. (J. 
geophys. Res. 86; 378, 1981). This is not the 
first time that an attempt has been made to 
determine the seismic energy released by 
moonquakes, although Goins and his 
colleagues claim, certainly correctly, that 
previous estimates were unsatisfactory in 
that they failed to take sufficient account 
of such factors as instrument frequency 
response and the effects of intense 
scattering near the lunar surface. On the 
other hand, it isnot entirely clear that many 
of the conclusions drawn by Goins ef al. 
could not equally have been drawn from 
the earlier calculations, notwithstanding 
that they apparently underestimated 


decreases in populations (about 5 per cent) 
are probably too small to be detected by 
current census techniques". Recent 
breeding population studies indicate that 
population changes on this scale (or slightly 
greater) have affected many auk colonies in 
Britain and Ireland over the last decade’’. 
However, this oiling mortality, if repeated 
over several winters, would result in a 
steady decline of guillemot and razorbill 
populations over much of northern 
Britain. Together with the threat of 
summer pollution at colonies posed by 
inshore oil exploitation, all those 
responsible for the conservation of 
seabirds, particularly in Scotland, have a 
very real cause for concern. Q 


seismic energy by a factor of about 100 and 
moonquake magnitudes by a factor of 
about 2. But that is no argument against 
having the correct, or at least more 
‘realistic’, figures at last; and in any case 
Goins and his co-workers have also made 
the first determinations of additional 
source parameters such as seismic moment 
and stress drop. 

According to the new figures, then, the 
500 or so deep moonquakes with body 
wave magnitudes (m) greater than 1.6 
(maximum m, = 3.0) recorded annually by 
the Apollo Passive Seismic Net release 
energy of 8 x 10° ergs a year. So where does 
this energy come from? Or to put itanother 
way, what is the basic mechanism for the 
generation of deep mvonquakes? 
Comparison with the Earth is no help here, 
for deep moonquakes have no terrestrial 
equivalents. What is relevant, however, is 
the fact that the marked periodicity of 27 
days in the event occurrence frequency at 
each deep moonquake focus exactly 
matches the dominant 27-day period of the 
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tide induced in the Moon by the Earth. 
Moreover, the number and size of deep 
moonquakes in any given month also 
correlates with the 206-day variation in the 
lunar tide resulting from the perturbation 
of the Moon’s orbit by the Sun. The 
occurrence times of deep mconquakes are 
thus evidently controlled by tidal forces; 
and since the tidal energy dissipated in the 
Moon is 10°!-10”2 ergs a year, this source is 
obviously more than sufficient. 

But the tidal energy dissipated in the 
Earth is, at 107 ergs a year, even greater 
than that dissipated in the Moon. Why, 
then, are there apparently no tidally 
induced earthquakes? For this interesting 
conundrum Goins and his colleagues offer 
three explanations, not necessarily 
mutually exclusive. One is that terrestrial 
lithospheric stresses due to lunar forces are 
about an order of magnitude smaller than 
the lunar stresses due to Earth forces at 
moonquake depths. The second is that 
there may indeed be some tidal 
earthquakes but that most, if not all, of 
them are masked by tectonic earthquakes 
and microseismal noise. And third, the 
‘dynamic character of the Earth’s interior’ 
generally precludes the development of 
long-term strain buildup at terrestrial 
depths of greater than about 700 km. 

The latter two explanations thus bring us 
directly to tectonic style, which seems to be 
much more important than the relative 
magnitudes of possible driving forces when 
it comes to a planet’s seismic 
characteristics. For example, the thermal 
energy available in the Moon (2 x 10 ergs a 
year) is not much less than that in the Earth 
(9x 107 ergs a year), but the different sizes 
of the two bodies lead to different 
distributions of temperature with depth 
and hence to different tectonic regimes. 
The result for the Earth is a thin 
lithosphere, lithospheric breakup, plate 
motion and a dominant near-surface 
seismic distribution generated tectonically. 
On the Moon, by contrast, the lithosphere 
is much too thick to fracture; and the 
temperature—depth distribution, and 
hence the shear modulus—depth variation, 
is such as to concentrate the tidal stress into 
a particular depth range. Thus whereas 
heat is the chief fundamental influence on 
terrestrial seismicity, the corresponding 
lunar influence is tidal. 

Not that things can be quite as simple as 
that. Although tidal stresses vary smoothly 
over the lunar surface, moonquake 
epicentres do not. Most of them lie on the 
Moon’s nearside, although that could 
merely reflect the difficulty of detecting 
farside events with nearside seismometers. 
But of greater significance, perhaps, is the 
highly uneven distribution of epicentres on 
the nearside, and in particular. a marked 
disinclination of epicentres te lie in the 
south-east quadrant of the face. This 
could be simply a matter of chance; but it 
might also suggest that, notwithstanding 
the dominance of tidal forces, the precise 
locations of foci within the 700-1,100 km 
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layer are governed by pre-existing inhomo- 
geneities or zones of weakness, 

Then there are those shallow moon- 
quakes, hitherto mentioned but otherwise 
ignored. Although the passive seismic net 
has only been recording about five of these 
a year with m, greater than 2.2, their 
maximum magnitude (4.8) is much greater 
than that of deep moonquakes (3.0) and 
the total seismic energy released by them 
annually is 2,500 times greater (2 x 10" ergs 
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a year). Yet they demonstrate no obvious 
periodicities in their times of occurrence, 
are not related to any obvious surface 
features, and do not occur repeatedly at the 
same foci. Moreover, although they release 
far less energy than even intraplate 
earthquakes (about 3 per cent of terrestrial 
seismic activity), their stress drops are 
comparable with, and sometimes even 
higher than, those of most terrestrial 
events. L 


Europe regains the lead 
in atomic physics? 


from M.R.C. McDowell 


THE First European Conference* on 
Atomic Physics (including Molecular 
Physics) shattered the belief that the 
United States necessarily leads the world in 
any branch of physics. This resurgence in 
Europe is not confined to a few countries 
— important new advances were reported 
from Poland and Spain, for example. 

The charge exchange reaction 

(Xat +e) + YP? > Xat + (¥P* +e) 
in which an electron is transferred from one 
ion (or atom) to another, is attracting much 
theoretical and experimental interest. One 
reason is that it is now clear that charge 
exchange-assisted recombination can 
move the ionization equilibrium in 
thermonuclear plasmas several stages of 
ionization away from the ‘coronal 
equilibrium’ values. At impact velocities V 
greater than the orbital velocity of the 
captured electron, energy and momentum 
are transferred with the electron, and the 
corresponding momentum transfer factors 
in the expression for the cross-section can 
greatly reduce the rate of the process. The 
process leads to highly specific final states. 

A. Macias and A. Riera (Universidad 
Autonoma de Madrid) have clarified this 
momentum transfer problem by showing 
that the translation factors introduce a new 
class of coupling which may be more 
important than dynamical coupling in 
determining the final state. Further 
advances in our understanding of charge 
exchange came from J. H. McGuire (Hans- 
Meitner Institute, Berlin) who, with his 
student P. R. Simony (Kansas State 
University), has shown that the vl! 
dependence of the proton—hydrogen 
charge exchange cross-section is 
manifested in a secondary maximum in the 
differential cross-section, and this was 
confirmed in a different theoretical 





*The Conference, sponsored by the Atamie Physics Division of 
the turopean Physical Society, was held at the University of 
Heidelberg (April 6-10 1981), and was organized by Professor 
G. zu Putliz, The two-volume Book of Abstracts (eds J. 
Kowalski, G) zu Putliz, H. G. Weber) is published in 
Europhysies Conference Abstracts. 


approach by A. Salin (University of 
Bordeaux), who finds an interference dip 
in this secondary peak. However, H. 
Knudsen (Aarhus, Denmark) claimed that 
her group had not seen this interference 
experimentally. L. Dubé and J. S. Briggs 
(Freiburg, Germany) have shown that in 
capture from one excited state to another, 
the second Born contribution is dominant 
over the first Born at high impact 
velocities, and capture occurs into final 
states with maximal overlap with the initial 
State. It became clear in discussion that no 
one knows the exact velocity dependence, 
at high velocity, of any charge exchange 
process. 

Theoretical advances also dominated the 
discussion on the behaviour of atoms in 
very intense electromagnetic fields, the 
latter being of great interest in the 
astrophysics of White Dwarfs and Neutron 
Stars, as well as in the ablation of inertial 
fusion targets. Fields of interest range up to 
10'3G, although currently available 
laboratory fields are restricted to about 
4x 10°G. P. Cavaliere, C. Leone and R. 
Zangara (University of Palermo, Italy) 
have shown that the normal double-loop 
pattern observed in electron impact triple 
differential ionization measurements splits 
into a quadrupole pattern when a laser 
beam, at right angles to the electron beam, 
also interacts with the target. In the field- 
free case the transition is sp, but with the 
field on, it may be s~s or sd, the electron 
emitting or absorbing one photon. The 
quadrupole pattern appears to be 
associated with absorptions [s> (p+ 1)]. 
They also show that the process of laser- 
assisted electron impact ionization of 
atoms can lead to appreciable laser gain. F. 
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M. Faisal (University of Bielefeld, 
Germany) with A. Larni and N. K. 
Rahman (University of Pisa) have 
demonstrated theoretically that laser gain 
should also be exhibited in laser-assisted 
recombination. Detailed calculations for 
recombination to He (5'P) suggest that 
high gain can be obtained at low laser 
intensity if the electrons are highly 
monochromatic. Photoionization of 
atomic hydrogen in intense magnetic fields 
has been calculated by S. M. Kara (British 
Nuclear Fuels), who finds intense 
resonances at the Coulomb-modified 
Landau levels. An exact scaling theorem 
for the isoelectronic sequence has 
subsequently been given by G. Wunner, H. 
Ruder, W. Schmitt, H. Herold (University 
of Erlangen, Germany) and M. McDowell 
(Royal Holloway College, London 
University), which reduces to a simple 
scaling in the dipole approximation. This 
should be experimentally testable, using a 
synchrotron asa light source. 

For field-free photoionization, U. 
Heinzmann (University of Munster, 
Germany) followed up his earlier work on 
production of spin-polarized pho- 
toelectrons by reporting absolute 
measurements of. the eigen—quantum 
defects in Ar, Xeand Kr from threshold to 
40 eV, which join on smoothly through 
threshold with the bound—bound transition 
values of 7} times theoscillator strengths 
fr ftom level n to level n'i This is very 
direct experimental evidence for the 
validity of Seaton’s multichannel quantum 
defect theory, which is of considerable 
astrophysical importance. (For Xe, see U. 
Heinzmann Appi. Opt. 19; 4087, 1980.) 

Dramatic developments were reported in 
the study of nuclei by optical spectroscopy. 
Two experimental advances, the tuneable 
laser and on-line mass separation, have 
allowed the charge radii, spins and 
moments of long sequences of radioactive 
nuclei to be measured. In particular, the 
variations in charge radius (giving rise to 
so-called ‘isotope shifts” in atomic spectral 
lines) have given a great deal of nuclear 
structure information over the years, but 
until quite recently very little work had 
been done on light elements or unstable 
nuclei. Suddenly, vast quantities of data 
are appearing, largely due to the efforts of 
two groups (based at Mainz and Orsay) 
working at the ISOLDE mass separator at 
CERN. Rubidium, for example, has two 
naturally occurring isotopes; results for 
over 20 isotopes are now available, 
including several isomers. They show, 
remarkably, that the nuclear size actually 
decreases as the neutron number rises from 
40 to the shell closure at 50; there is then a 
sharp increase, much more rapid than is 
predicted by the usual nuclear models. 

Other elements show equally interesting 
features, the most striking so far being the 
shape isomerism found in neutron- 
deficient mercury isotopes. 

The results are a valuable testing ground 
for nuclear theory. The variations in 


nuclear size show broad overall features 
which should lead to a better insight into 
the systematics of nuclear behaviour, while 
the finer details, for example isomer shifts, 
depend sensitively on the structure of the 
individual nuclei concerned. 

The work of V. S. Letokhov (Academy 
of Sciences, Moscow) on the resonance 
interaction of laser radiation with single 
atoms now allows the simultaneous 
availability of high spectral resolution with 
the ultimate in sensitivity and detection 
selectivity in that he claims to be able to 
detect and do physics on one atom in 10". 
High Rydberg atomic states have now been 
demonstrated to be very attractive for 
high-resolution spectroscopy and 
metrological work (H. Walther, Munich). 
Exciting a single Rydberg state by laser 
opens the possibility of higher-resolution 
measurements of the fundamental cons- 
tants. Beam foil spectroscopy continues to 
be used and recently has allowed the 
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observation of radiative transitions 
between bound states of the negative ion of 
lithium (1. Martinson, Lund). 

The study of molecular systems is 
entering a new and exciting phase, New 
avenues of experimental study are being 
opened up by the multichannel quantum 
defect theory (M. J. Seaton, London; Ch. 
Jungen, Orsay), typified by work reported 
by S. Krummacher (Freiburg) using the 
Orsay synchrotron light source to study the 
inner shell photoionization of CO. It is 
important to note that Heinzmann’s direct 
verification of this theory allows absolute 
calibration. High-resolution spectroscopy 
of Cl, reported by J. Le Calve (Saclay), 
threshold electron spectroscopy (M. 
Kurepa, Belgrade) and resonance 
fluorescence (T. Moller, Hamburg) on the 
same molecule show that there is much 
which can be obtained by application of 
both new and traditional techniques to the 
analysis of individual molecular systems. () 


A gradient of membrane protein 


in the retina 


from Colin J. Barnstable 


THE MECHANISM by which cells sense and 
signal their position within an organ or 
organism remains one of the least 
understood problems in biology. Many 
experimental systems such as chick limb 
development, hydra regeneration and 
insect cuticle formation have indicated that 
gradients of positional information exist 
and can be sensed and acted upon by the 
relevant cells. Both the nature of these 
gradients and the sensing mechanisms are 
unknown. In the nervous system, the 
position of an individual neurone has 
important consequences for the nature of 
its synaptic input and the target it 
innervates. For example, motor neurones 
in the developing spinal cord migrate to 
particular positions and the resulting 
clusters of cells can be shown to be 
committed to innervate a particular 
muscle!. Innervation is only achieved after 
the growing axons reach this correct target 
some distance away. In this system the 
mechanism that specifies which motor 
neurones will innervate which muscles, and 
the mechanisms by which the growing axon 
reaches its target, remain unknown. 

This general problem of neural 
specificity has also been intensively studied 
in the visual system and particularly in the 
topographical projection of retinal 


ganglion cell axons to the optic tectum. 


One current debate centres around the 
mechanism by which this ordered 
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projection is formed. In some fishes it may 
be the result of a maintained topography in 
the optic nerve’. In the adult cat*, on the 
other hand, the ganglion cell axons are 
mixed up in the optic nerve and sort out at 
their targets. This implies that some form 
of ‘chemoaffinity’ between axon and 
target cell exists. Models for this have 
varied from a strict ‘lock-and-key’ 
relationship between each ganglion cell 
axon and its tectal target neurone to a 
quantitative gradient or gradients of 
interaction molecules arranged according 
to particular retinal axes*. 

These interaction molecules have usually 
been studied in terms of selective cell 
adhesion using methods developed for 
studying the aggregation and sorting of a 
variety of embryonic tissues (see ref. 5 fora 
review). In the retino-tectal system it has 
been shown that in general cells from a 
given portion of retina preferentially 
adhere to cells from the tectal area that 
includes their normal synaptic target. 
From studies such as these it has been 
concluded that there are several interacting 
gradients that can be used to specify cell 
position and subsequent interaction. None 
of these studies, however, has successfully 
identified the molecular nature of these 
gradients. 

A recent paper by Trisler, Schnéider and 
Nirenberg® has demonstrated that a 
gradient of concentration of a particular 
molecule does exist across the avian retina. 
To demonstrate this Trisler ef af looked 
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for, and found, a monoclonal antibody 
that bound more strongly to dorsal retina 
than ventral retina. When 14-day chick 
embryo retinas were cut into eight segments 
along a dorsal—ventral axis and assayed for 
antibody binding, the most dorsal segment 
bound 35-fold more antibody than the 
most ventral. Presumably the extremes of 
the gradient show a much greater 
difference. The antigen detected by the 
monoclonal antibody has been named 
TOP, after ‘toponymic’ which the authors 
define as ‘a marker of position’. It appears 
to be a cell surface protein since it can be 
assayed on living cells, is heat labile and is 
trypsin sensitive. Immunocytochemical 
localization of antigen in 14-day chick 
embryo retina showed that it was present in 
all layers and, therefore, pessibly in all cell 
types. The gradient is thought to represent 
differences in the amount of antigen per 
cell rather than regional! differences in cell 
or membrane concentration since 
mechanically dissociated cells gave dif- 
ferent intensities of immunofluorescence 
according to the part of the retina chosen. 
Essentially all the features of the gradient 
were found at every age tested from 4-day 
old embryo to adult. 


Galactic nuclei 


trom R.A.E. Fosbury 


SINCE the upsurge of interest in Seyfert 
galaxies and the discovery of quasars in the 
early 1960s, galactic nuclei have been prime 
targets for the application of new 
observational techniques. The more active 
galactic nuclei have not disappointed 
observers as their high luminosity extends 
over the whole electromagnetic spectrum. 
The current status of research on galactic 
nuclei, both active and ‘normal’, was 
examined by the participants at a recent 
conference* at the Royal Greenwich 
Observatory. 

In the spiral Seyfert galaxies, the nucleus 
has a profound influence over the physical 
conditions in a region of typical diameter 
one kiloparsec (3 x 10% cm). The optical 
observers call this the narrow line region 
(NLR) since it is the source of the strong 
forbidden emission lines with widths of 
order 300 km s! characteristic of this 
class of object. The region is also now 
recognised to be a source of radio radiation 
with a relatively steep spectrum. Andrew 
Wilson (University of Maryland) reviewed 
new radio observations, primarily from the 
Very Large Array (VLA) in New Mexico, 
which showed the Seyferts to be inter- 
mediate between normal and radio 





*The 25th Herstmonceux Conference was held at the Royal 
Greenwich Observatory in April, 1981. 
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Whatever the mechanism for generating 
the gradient, simple ‘organizing’ or 
‘controlling’ areas outside the retina seem 
not to be involved. The evidence for this 
comes from an unusual embryo found by 
Trisler ef al. that had a third eye in the 
middle of the forehead facing in a 
dorsoanterior direction. Even though the 
eye was in an abnormal orientation, the 
gradient of TOP antigen showed a normal 
orientation with respect to its own dorsal- 
ventral axis defined by the choroid fissure. 

The importance of this paper for biology 
in general is that it has demonstrated a 
molecular gradient in a particular organ. 
Its importance in aiding our understanding 
of neural specificity will depend upon 
whether the cells within the retina or in the 
optic tectum use the information contained 
in the gradient for their physiological 
interactions. E 
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galaxies. Indeed, some show a double or 
triple structure on a scale of a few arc 
seconds, reminiscent of a classical double 
radio source but prevented from bursting 
out of the immediate nuclear environment 
by a spiral of dense interstellar medium. 
Wilson noted an interesting lack of cor- 
relation between radio and optical axes in 
the Seyferts which may suggest that the 
nucleus is not influenced very much by 
what the rest of the galaxy is doing. 
Spencer, Booler, Steward and Lonsdale 
(Jodrell Bank) complemented the VLA 
work by showing similarly high-resolution 
radio maps made at lower frequencies with 
the new multi-telescope radio-linked inter- 
ferometer which spans a significant 
fraction of the western side of Britain. 
Because of the steep spectra, this 
instrument is particularly suited to studies 
of the nuclear surroundings. The small 
angular size subtended by the nuclei 
makes it difficult to reconstruct the 
geometric and kinematic state of the 
various components. It has long been 
realised that the emission line profiles are a 
rich source of such information, although 
difficult to interpret. Mark Whittle 
(institute of Astronomy, Cambridge) 
reported an extensive study of the profiles 
originating in the NLR and at last offered 
some hope of being able to distinguish 
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between inflowing and outflowing material 
from careful comparisons of the asym- 
metries seen in lines from different ioniz- 
ation states. Although it is generally agreed 
that most of the emission line radiation 
emitted by active nuclei is the result of 
photoionization processes, there is still 
considerable uncertainty whether the 
origin of the ionizing continuum is non- 
thermal with a power-law spectrum or a 
combination of this with thermal 
radiation. Shock processes have been 
advocated for some nuclei which do not 
show a strong continuum, Even for these, 
Daniel Péquignot (University of Meudon) 
illustrated the versatility of photoioniz- 
ation models to explain some of the low- 
ionization spectra. His models produce the 
strong auroral line with regions of high 
density and reproduce the optical spectra 
quite satisfactorily using a two-component 
ionizing spectrum; the approach was, 
however, running into some difficulties 
with the UV emission line observations. 

Bernard Pagel (Royal Observatory, 
Herstmonceux) considered the elemental 
abundances of both normal and active 
nuclei. With the caveat that the abundance 
determination methods used for nuclei are 
somewhat unreliable, it is perhaps 
surprising that activity seems to have little 
effect on chemical composition. In fact, all 
the observed galactic nuclei seem to have 
very similar abundances and, in particular, 
there is no evidence for secondary 
processing in nuclear HII regions as the 
nitrogen to oxygen ratio is consistent with 
that of oxygen to hydrogen. How normal 
are ‘normal’ galactic nuclei anyway? 
Robert Sanders (University of Groningen) 
sketched a picture of recurrent activity in 
which gas clouds within the inner few 
hundred parsecs lost a small fraction of 
their mass to a black hole on each collision 
and produced one event of about 10° ergs 
every 10’ years. He supported the thesis 
with reference to our own Galaxy by 
pointing out the expanding ring seen in 
molecular emission lines which should 
oscillate with about that period. New X-ray 
observations of our own nucleus were 
presented by Brin Cooke (University of 
Leicester). The orbiting Einstein Obser- 
vatory has shown a number of hard- 
Spectrum point sources together with a 
diffuse component extended*along the 
galactic plane. One of the (non-variable) 
point sources is coincident with the radio 
source Sagittarius A west and he pointed 
out that the radio/X-ray flux ratio is about 
the same as that in the radio galaxy 
Centaurus A. Willem Wamsteker 
(VILSPA) described some optical 
observations of the nucleus of the nearby 
spiral galaxy M83 which showed non- 
circular motions very similar to those seen 
in our Galaxy. 

The second half of the conference 
collected together important observations 
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Lucifer dyes are intensely fluorescent 4-aminonaphthalimides which are readily visible in living cells at concentrations and 
levels of illumination at which they are nontoxic. Because of their low molecular weight they frequently pass from one cell to 
another; this widespread phenomenon, termed dye-coupling, is thought to reveal functional relationships between cells. 
Lucifer dyes can also be used for ultrastructural tracing by comparison of electron micrographs with light micrographs of the 
same thin section. In addition, they show promise for backfilling neurones through cut nerves, for visualizing the results of 


retrograde axonal transport and for the covalent labelling of macromolecules. 





SINCE their introduction in 1978 Lucifer yellow CH and Lucifer 
yellow VS have been used with considerable success as intracel- 
lular markers.in:a wide variety of biological systems. Both dyes 
contain the same sulphonated 4-aminonaphthalimide moiety, 
but they differ in the substituent on the imide nitrogen (Fig. 1). 
Their syntheses, to be reported elsewhere, are based on the 
commercial wool dye brilliant sulphoflavine (CI 56205). The 
dyes have similar spectral properties: absorption maxima at 
280 nm and 430.nm, corrected emission maxima near 540 nm, 
and quantum yields of about 0.25. The high quantum yields 
make possible the detection of the dyes at low concentration, 
and the wide separation between the absorption and emission 
maxima facilitates excitation at one wavelength and observation 
of fluorescence at another. 

The dyes differ in their chemical properties, but both can be 
bound to tissue. Lucifer yellow VS is a vinyl sulphone that reacts 
rapidly with amino and sulphydryl groups but is extremely stable 
in water; even in weak base (pH 9.0) its half life is about one 
week at room temperature. The dye combines rapidly and 
covalently with proteins and presumably with other tissue 
constituents containing sulphydryl or amino groups. Lucifer 
yellow CH, on the other hand, has a free hydrazido group and 
reacts with aliphatic aldehydes at room temperature. Aldehyde- 
containing fixatives bind the CH dye to tissue, presumably 
through the hydrazido group. Aqueous solutions of this dye 
appear to be chemically stable for at least several months at 
room temperature. 

So far the CH dye has been used more often than the VS dye, 
perhaps beeause the latter is not yet commercially available; 
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Fig. 1 Structural formula of Lucifer dyes. Both dyes are 3,6- 

disulphonated 4-aminonaphthalimides. For the lithium salt of 

Lucifer yellow CH (often referred to simply as Lucifer yellow CH), 

Ris —NH—CO—NH—NH,;; for the lithium salt of Lucifer yellow 
VS, R is m-phenyl-SO,-CH=CH;. About x 24,000,000. 


which one is best suited to a particular application can only be 
determined empirically. 

The most frequent application of Lucifer yellow CH has been 
to reveal the shape of individual neurones’”’. It has been used to 
determine the branching pattern and course of regenerating 
neurones’, Because of the low toxicity of the dye, direct in vive 
observations on the regeneration of dye-filled neurones may be 
possible. Lucifer yellow CH has been used in the study of 
developing systems: in the development of molluscs", for 
example, and in the exciting work by Goodman and Spitzer on 
the development of the grasshopper nervous system’. I describe 
here other applications of these fluorescent tracers in the hope 
that their many potential uses can be rapidly exploited. 





Dye-coupling revealed by intracellular 
injection of Lucifer yellow 


Neurones and other cells can be marked with Lucifer yellow CH 
by injecting the dye through a micropipette using. pressure or 
iontophoresis. The dye spreads quickly throughout the body and 
processes of the injected cell, but does not cross the cell 
membrane’. The low molecular weight (457.2) and intense 
fluorescence of the dye offer several advantages over other 
tracers. (1) A cell can be stained in its entirety with a relatively 
small amount of dye. Illumination sufficient for photomicro- 
graphy of live cells does not noticeably alter their physiology. 
(2) In preparations which are sufficiently transparent one can 
determine whether the distribution of dye found after fixation is 
the same as that seen in the living state. (2) Most importantly, the 
dye frequently spreads in vivo from the injected cell to certain 
nearby cells. This movement of dye frem cell to cell has been 
termed dye-coupling’. In certain cases, dye-coupled cells are 
known to be electrically coupled to each other. Two examples 
are horizontal cells in the turtle retina’ and the septate axon of 
the crayfish (K. Futamachi and W.S., unpublished). In the 
embryo of the mollusc Patella, however, dye-coupling between 
macromeres was detected without knewing whether the cells 
were electrically coupled and was used to study the development 
of the embryo®. Presumably in many (but not necessarily all) 
instances dye-coupling and electrical coupling have a common 
basis. In any case, dye-coupling offers a method of recognizing 
certain functional connections between cells by morphological 
means. 
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A pair of neurones called Leydig. cells occurs in each seg- 
mental ganglion of the leech Hirudo medicinalis. These cells are 
known to be electrically coupled*®, and Fig. 2 shows that they 
are dye-coupled as well, Two neurones in the ganglion contain 
dye: the Leydig cell that was injected and the contralateral 
Leydig cell into which dye spread. The transfer of dye presum- 
ably occurred at the sites of contact between the arborizations of 
the two neurones. Unexpectedly, dye also spread from the 
injected neurone to processes in the ipsilateral axon bundles 








Fig. 2 Leech ganglion containing a Leydig cell injected intracel- 
jularly with the lithium salt of Lucifer yellow CH. a, The lower cell 
was pressure-injected with a 5% solution of dye. The tissue was 
allowed to stand for 90 min at room temperature and was then 
fixed at 4°C for 12h in 4% formaldehyde in 0.15 M sodium 
phosphate buffer, pH 7.4. The ganglion was embedded in glycol 
methacrylate as previously described’ . The fainter cell body (top) is 
the contralateral Leydig cell, which is dye-coupled to the injected 
cell. x107, b, Detail from a. The ipsilateral nerve contains two 
fluorescent processes—one from the injected neurone, the other 
from a dye-coupled neurone in the adjacent ganglion (see text). 
«180. 


leaving the ganglion (Fig. 24). These are probably axons from 
Leydig cells in adjacent ganglia, as Kent Keyser has indepen- 
dently demonstrated in greater detail (personal communi- 
cation). As both adjacent ganglia had been removed before 
injection, the sites of coupling to the two dye-coupled processes 
must have been in the remaining ganglion or in the short lengths 
of attached nerve. Here and in similar situations Lucifer yellow 
CH is useful for gross localization of the sites of intercellular 
communication. 

The sensitivity of Lucifer yellow CH was compared 
semiquantitatively with that of two other tracers, Procion yellow 
and horseradish peroxidase. Horseradish peroxidase is often 
used for intracellular staining’*'° and is detectable by both light 
and electron microscopy. When 5% solutions of Lucifer yellow 
CH and horseradish peroxidase were injected by pressure into 
leech neurones, the two tracers appeared roughly equal in 
their ability to reveal morphological detail as judged visually 
with the light microscope (W.S. and K. Muller, unpublished). 
Horseradish peroxidase, however, cannot be seen in living tissue 
and is thought not to pass between dye-coupled cells”’. Procion 
yellow, a fluorescent tracer previously used for intracellular 
injection’', has about 1% of the fluorescence intensity of Lucifer 
yellow and in comparably marked cells reveals much less 
morphological detail’. 


Backfilling with Lucifer yellow CH 


Neurones can also be filled with dye through their processes 
rather than by injection of dye into their somata, Backfilling, 
introduced by Iles and Mulloney”, is carried out by simply 
immersing the cut end of a nerve in a pool of tracer. The tracer 
moves up the axons of the nerve, either by diffusion or in 
response to an externally applied electric field, and fills the cell 
bodies of the neurones with processes in that nerve. This tech- 
nique has been used with Procion yellow, with cobalt 
chloride?***, and with horseradish peroxidase’. Lucifer yellow 
CH is at least as suitable for backfilling as these tracers. 
Moreover, since neither the dye nor the process of backfilling 
appears to alter physiological properties noticeably, and since 
the dye can usually be seen in viva, one can first identify a 
backfilled cell by its fluorescence, then impale it with a micro- 
pipette and investigate its electrophysiology. 

Figure 3a is a fluorescence photomicrograph of the buccal 
ganglia of the freshwater planorbid snail Biomphalaria glabrata. 
The preparation was backfilled with the lithium salt of Lucifer 
yellow CH through the nerve innervating the left salivary gland. 
The two largest cells containing dye can usually be identified by 
other criteria such as size, position, and branching pattern. 
These cells appear to be salivary effector neurones and may be 
homologous to the cells described by Kater in Helisoma % and 
Benjamin in Lymnaea”, The fluorescent cells were impaled 
after they had been backfilled, and their physiology appeared 
normal. In particular, action potentials in the left cell produced 
one-for-one depolarizing potentials in the salivary cells (Fig. 3b, 
c), and depolarizing and hyperpolarizing current passed from 
either cell to the other, suggesting that they were electrically 
coupled (Fig. 3d, e). These results are similar to those obtained 
from preparations which had not been backfilled. After fluores- 
cence photomicrography of the ganglia (Fig. 3a), the physiology 
of both cells was still normal, and they remained electrically 
coupled (Fig. 3f, g). In this system, therefore, the amount of light 
needed for fluorescence photomicrography is much less than 
that which causes photosensitized damage or killing of cells that 
contain dye. In the method of cell killing devised by Miller and 
Selverston, the illumination level which killed Lucifer-filled cells 
in 5 min was 1,000 times the level required for visualization of 
processes in the neuropil”. 


Lucifer dyes as tracers in electron microscopy 


Since the Lucifer dyes described here do not contain a heavy 
atom, they have no useful electron density. Their intense 
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Fig.3 Live neurones stained by backfilling with the lithium salt of 
Lucifer yellow CH, and electrical responses recorded after stain- 
ing. The cut end of the left salivary nerve of a snail (B. glabrata ) was 
drawn into a small drop of a 3% solution of dye on a square of 
polyethylene about 1 mm on each side. For 1h a potential was 
imposed so that a positive, constant current of 30 nA flowed from 
the bath w the drop of dye, The buccal ganglia were rinsed in a 
Ringer's solution, and the stained cells were identified with 
fluorescence optics. The large dye-filled cell in the left buccal 
ganglion was impaled with a microelectrode (b and c, lower trace). 
A salivary cell was impaled with a second electrode (6 and e, upper 
trace). The microelectrode was then withdrawn from the salivary 
cell and used to impale the large cell on the lateral margin of the 
right buccal ganglion (d and e, records for the right cell are on top). 
The current traces show when current (about 0.25 nA) was 
injected, using an active bridge circuit (mot accurately balanced in 
all records), first into one cell and then the other. The live prepar- 
tion, a, was then photographed using epifluorescence with a Zeiss 
Ultraphot. The conditions of photography were: 6.3% Neofluar 
lens (0.20 numerical aperture), HBO 200 W mercury arc lamp, 
heat filter and BG-12 excitation filter, FL-500 dichroic splitter, 
500 nm barrier filter, 30 s exposure. x66. After photography, both 
lateral cells were impaled again, producing the records shown in f 
and g. Vertical calibration indicates 50mV for all records; 
horizontal calibration indicates 1s for c and 2s for all other 
records. 





fluorescence, however, allows them to be used as tracers for 
electron microscopy by an indirect procedure. An ultrathin 
section mounted on a grid is examined with a fluorescence 
microscope to identify cells or processes ‘hat contain dye, and 
then the same section is examined with the electron microscope. 
Figure 4 shows light and electron micrographs of the same areas 
of a neurone in the right parietal ganglion of the snail B. 
glabrata; this neurone can often be idertified by its size and 
position. To make this type of comparison, tissue is con- 
ventionally processed for electron: microscopy except that 
osmication is omitted, since even brief exposure to osmium 
tetroxide greatly reduces Lucifer fluorescence. 


Fig.4 A cell in the right parietal ganglionof the freshwater snail 
Biomphalaria glabrata was injected with Lacifer vellow CH, fixed 
for 4h at 23°C in a pH 7.4 12.5 mM Na’/H” HEPES buffer 
containing 2% glutaraldehyde, 1% formaidchyde, and 275 mosM 
balanced salts, dehydrated in graded alcohols, and transferred to 
anhydrous acetone at 4 °C, The ganglion was stained for | hat 4°C 
in 1% hafnium tetrachloride in acetone, then rinsed in acetone and 
embedded in Spurr's resin**. (The fixative and rinse solutions also 
contained 1% HFCL in this experiment, but not in most.) a, Silver 
section on a hexagonal grid (Polaron) was illuminated through a 
Zeiss 63X OD lens (0.90 numerical apertuse) with an Osram 50 W 
HBO lamp and photographed with a 15 s ewposure on Ektachrome 
400 film pushed to ASA 800. x640, b, The same section shown in 
a, photographed with the electron microscope after uranium- and 
lead staining. x640. c, Detail from a. x 1,500. d ande; Detail from 
b. X1,500 and *3,700. Photographed at 80 kV. 
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Fig. 5  Isthmo-optic nucleus of chick labelled by retrograde 
axonal transport of Lucifer yellow VS. The vitreous humour of the 
contralateral eye was injected with 25 ul of 5% Lucifer yellow VS: 
the injection damaged a portion of the retina. After 21 h the chick 
was anaesthetized and fixed by perfusion with buffered 4% 
formaldehyde. The other eye was not injected, and its contralateral 
isthmo-optic nucleus showed almost no fluorescence. x200. 


Post-fixation staining can be omitted entirely, but tissue pro- 
cessed in this way generally lacks sufficient contrast and electron 
density to give useful images. Adequate contrast is generated by 
staining tissue en bloc in 1% hafnium tetrachloride in anhydrous 
acetone at 4°C, a procedure introduced by Morris Karnovsky 
(personal communication). The tissue is then rinsed in acetone 
and embedded in Spurr’s resin. When a thin section (grey or 
silver) on an ordinary electron microscope grid is illuminated 
using epifluorescence with an intense arc lamp, the fluorescence 
of the marked cell is bright enough to be photographed on a fast 
colour film with a 15-s exposure. The same thin section is then 
conventionally stained with uranium and lead; the areas that had 
been found fluorescent are located and photographed with the 
electron microscope. Surprisingly small areas can be identified 
with confidence when the light and electron micrographs are 
compared. In Fig. 4c, d, for example, there are dye-free areas 
only 500 nm in diameter thet are easily recognized in both the 
light and electron micrographs. The areas from which dye is 
excluded lie within the perimeter of the cytoplasm of the 
injected cell and may be penetrating processes of other cells”. 
Dye-filled processes 500 nm in diameter can usually be found 
with ease, while 200 nm processes are locatable with greater 
difficulty. 

The necessity of avoiding osmication to preserve fluorescence 
entails some disadvantages. Membranes either cannot be seen 
or, more often, appear as thin grey lines (Fig. 4e) instead of the 
dark black bilayer commonly seen with conventional fixation. 
The poor visualization of membranes makes the method 
described here unsuitable for some applications. For example, 
synapses in the leech central nervous system are difficult to 
recognize because membranes and associated synaptic speci- 
alizations lack the contrast they normally have with osmium 
post-fixation (K. Muller, personal communication). 

Since Lucifer yellow CH has no significant electron density of 
its own, it was possible to test whether either the dye or the 
process of injection had an effect on the ultrastructure of an 
injected neurone. The paired Retzius cells of the leech*® were 
convenient test objects. In each of three segmental ganglia, one 
Retzius cell was injected with dye and one was not. The tissue 
was immersed in a cacodylate-buffered fixative”, then pro- 
cessed as described in the legend to Fig. 4. When thin sections 


were examined with the electron microscope, both cells were 
recognizable by their size and position. (The injected cell had 
previously been identified by its fluorescence.) The ultrastruc- 
tural morphology of the two cells was virtually the same, 
suggesting that neither the dye nor the process of injection had 
caused significant morphological changes (K. Keyser and W.S., 
unpublished). This experiment illustrates an advantage of an 
ultrastructural tracer that does not rely on electron density for its 
detection: the appearance of the marked tissue is not necessarily 
changed, 


Retrograde axonal transport 


A useful technique for studies of vertebrate neuroanatomy 
relies on the phenomenon of retrograde axonal transport, which 
causes certain exogenous proteins to be carried from axon 
terminals to the cell body*'. Kristensson, Olsson, and Sjöstrand 





Fig. 6 Indirect immunofluorescence staining of actin filaments 
with Lucifer-labelled antibodies. Cultured human lung cells, 
W138, were fixed and treated with rabbit anti-actin antibody, then 
with Lucifer-labelled goat IgG anti-(rabbit IgG); the procedures 
were those described by Lazarides**. The Lucifer-labelled anti- 
body was prepared as follows. To 50 mg of Miles-Yeda goat IgG 
anti-(rabbit IgG) dissolved in 1.8 ml 0.5 M pH 9.0 carbonate buffer 
was added 0.52 mg Lucifer yellow VS in 1.0 mi carbonate buffer. 
These weights correspond to a nominal 3 mol of Lucifer per mol of 
protein, but since Lucifer yellow VS is hygroscopic, less dye was 
actually present. The mixture was allowed to stand for 3 h at room 
temperature, then unreacted dye was removed by chromatog- 
raphy with phosphate-buffered saline on Sephadex G-25. The 
optical densities at 280 nm and 430 nm indicated a dye to protein 
molar labelling ratio of approximately 2.3. About x500. 
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showed in 1971 that horseradish peroxidase appeared in the cell 
bodies of neurones near whose terminals a solution of 
horseradish peroxidase had been introduced*’. This marker has 
since been used both to trace pathways in the central nervous 
system and to study the mechanism of transport itself. The 
LaVails and others have shown that peroxidase moves within 
axons at a rate of about 100mm per day (ref. 33). Some 
exogenous proteins seem not to be subject to retrograde axonal 
transport™, but the reasons for this are not understood. Kuypers 
and his colleagues have recently shown that certain other 
fluorescent dyes are also subject to retrograde movement**”®, so 
it is not surprising that Lucifer yellow VS serves as an effective 
marker for retrograde axonal transport from the chick eye to the 
cell bodies of neurones which have their axon terminals within 
the retina” (Fig. 5). Perhaps the dye is transported as a protein 
conjugate formed in situ. It is not known whether Lucifer yellow 
VS will prove useful for tracing connections in other parts of the 
nervous system. 

Recently wheat germ agglutinin labelled covalently with 
Lucifer yellow VS (see below) has been found to provide good 
staining of motoneurones in the spinal cord of chick embryo 
after a small amount (0.5 pl of 0.5% agglutinin) was injected 
into leg muscles (M. McPheeters and L. M. Okun, personal 
communication). After retrograde transport had occurred, it 
was possible to dissociate the spinal cord and isolate the labelled 
neurones by means of a fluorescence-activated cell sorter’. 


Covalent labelling of macromolecules 
with Lucifer yellow VS 


Lucifer yellow VS labels proteins rapidly and covalently under 
mild conditions. In 0.1 M NaHCO, the reaction is complete in 
2h at room temperature. The conjugates generally have quan- 
tum yields between 0.1 and 0.2 (R. Chen and W.S., in pre- 
paration), so Lucifer-conjugated antibodies should be suitable 
for immunofluorescence staining. Figure 6 shows actin filaments 
of cultured fibroblasts stained with Lucifer-labelled antibodies. 
Lucifer yellow VS is similar to fluorescein isothiocyanate in its 
ease of use and fluorescence intensity and has the advantage that 
its emission peak at 540nm is considerably to the red of 
fluorescein’s at 515 nm, so that its fluorescence contrasts more 
strongly with tissue autofluorescence. But since Lucifer has no 
other clear-cut advantage and since less is known about the 
chemistry and the stability of the bond that is formed, it is likely 
that fluorescein isothiocyanate will remain the dye of choice for 
most immunofluorescence applications. When fluorescence is 
needed at pHs below 6, however, Lucifer yellow VS may be 
useful. The fluorescence intensity of Lucifer VS is unchanged 
from pH 2 to pH 10 (ref. 1), an unusual property for a water- 
soluble dye. This pH-independence makes the dye suitable for 
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Other uses of Lucifer yellow dyes 


Among published examples of the possible uses of Lucifer 
yellow dyes it is worth noting that intracellular staining with 
Lucifer has been followed by immunocytochemical staining with 
rhodamine-labelled antibodies**; the goal of this approach is to 
characterize the immune reactivity as well as the electroplrysi- 
ology of the same cell. This dye also has been used to follow 
changes in junctional permeability caused by moderate trans- 
junctional polarization’. Another interesting application is 
suggested by experiments in which an individual dye-filled 
neurone or even a part of a neurone was selectively damaged by 
means of an intense, focused spot of light”®. This phenomenon is 
sometimes referred to as “cell killing,” but as the originators of 
the technique have pointed out’, it is not known whether the 
affected cells are killed or simply inactivated temporarily. Also, 
it is not yet known what margin of safety there is for cells that do 
not contain dye. Finally, there is an interesting recent report that 
when turtle retina is bathed in a calcium-free Ringer's solution 
containing Lucifer, the bipolar cells, but not other cell types, 
take up dye from the medium*’. Uptake is not influenced by 
light, but is blocked by metabolic inhibitors, It will be of interest 
to see whether similar phenoma occur in other neuronal 
systems. . 

Dye-coupled systems of cells have been discovered through 
the use of Lucifer yellow CH'®"’. It has been used to monitor 
dye-coupling in regenerating neurones’, and it greatly facili- 
tated the discovery that an electrical connection between two 
leech neurones was mediated by a pair of small interneurones'” 
and was not direct, as had previously beer thought. The dye has 
been used to obtain information on the position of the micro- 
electrode tip, either in neurones’® or, in one case, in giant 
mitochondria”, But because of its rapid spread, presumably by 
diffusion, this dye generally gives only limited information on tip 
position, and so it may not be the best marker for this purpose. 

In addition to the two sulphonated 4-aminonaphthalimides 
that have been used until now, more than. 40 compounds in this 
group have recently been prepared by 2 convenient one-step 
synthesis**. These compounds have a wide range of substituents 
on the imide nitrogen, and most are water-soluble and have an 
intense yellow-green fluorescence. Because of the case with 
which functional groups can be incorporated into sulphonated 
4-aminonaphthalimides, these compounds will probably find 
new applications as biological tracers. 

The experiment shown in Fig. 2 was performed at the 1978 
Leech Course at Cold Spring Harbor Laboratory. I thank Elias 
Lazarides for carrying out the immunofluorescence staining and 
Kent Keyser, Enid Applegate, and Jennifer LaVail for 
collaboration in performing the experiments described in the 
legends to Figs 3, 4 and 5 respectively. 
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A fold controlling the form of the local topography near El Asnam, Algeria, increased in amplitude at the time of the 
earthquake of 10 October 1980. The deformation occurred rapidly in an elastic-brittle manner and not in the gradual 
ductile fashion in which folds are normally thought to develop. 





AN earthquake of magnitude 7.3 (M,) occurred near El Asnam, 
in north Algeria, at 12.25 GMT on 10 October 1980. Hypocen- 
tral locations provided by the US Geological Survey (1°25’E, 
36°9’N) and the Internaticnal Seismological Centre (1°26’E, 
36°11'N) are broadly consistent with the observed damage 
distribution’ but their accuracy cannot be assumed to be better 
than +10 km. Aftershocks recorded by French? and British? 
groups define a broader region 50-km long aligned broadly 
NE-SW with shocks having depths of up to 15 km. Extensive 
surface faulting occurred within this zone (Fig. 1a). A magni- 
tude of 7.3 suggests a geometric moment*® of 210° m?, 
consistent with a slip area 30-km long and 12-km deep with a 
mean displacement of 6m. Further work will constrain the 
seismic parameters more closely but is unlikely to affect the 
present arguments. 

We examine here some of the more striking features of the 
surface deformation associated with the earthquake and relate 
them to subsurface processes. Archaeological and stratigraphi- 
cal evidence is used to demonstrate that some 30 similar earth- 
quakes could account for the local topography and geological 
structure. 

The central section of a detailed fault map of the area is shown 
in Fig. 1b; the complete map, which was compiled in con- 
junction with an aftershock study, will be published elsewhere’. 
A restricted area is chosen for discussion here for three reasons. 
First, it displays a well developed thrusting surface break which 
furnished a reliable measure of horizontal slip direction; and, as 


“4 


oe 
El Attaf 
Pa 
“ 





this direction is consistent with that determined in preliminary 
fault plane solutions, the surface break probably bears a simple 
relationship to the seismogenic fault at depth. Second, the zone 
of deformation behind the fault is typical of that observed 
elsewhere in the area. Third, the channel and fill terraces of the 
Chelif river cross the section and yield information on recent and 
late Quaternary deformation. 


Compressional faulting 

In the region shown in Fig. 15 the thrust forms a clear scarp (Fig. 
2) crossing fields and orchards which were level before the 
earthquake. Figure 3 shows the scarp cutting across one of 
several lines used for laying irrigation pipes in a potato field. The 
lines in this field show no lateral offset (excluding some dis- 
turbance close to the fault scarp) and must therefore be parallel 
to the horizontal component of the slip vector. The azimuth of N 
140°E derived from this site was confirmed wherever the fault 
crossed other linear features such as irrigation channels and 
embankments, The form of the scarp suggests that its dip lies 
between 30° and 60°, a value consistent with the preliminary 
fault plane solution?”. 

Slickensides observed near the southern end of the faulting 
give a spurious slip direction. This is not surprising as rock 
mechanics does not predict the formation of slickensides at the 
surface except in unusual conditions®. Brittle failure near the 
surface should always be tensile (as usually observed) and shear 
motion near the surface will occur only if it can exploit a very 


+4. Thrust 
anu, Normal fault 
war Landslide 


Fig. 1 a, Epicentral region showing approximate extent of severe damage, the principal segments of thrust surface breaks and the region of extensive surface 

faulting, most of which was tensional, b, Surface breaks near the Chelif river. Slip vector measurements: 1, 1.8 m (vertical component only), azimuth 140 E. 2; 3.2 m 

(vertical component only), azimuth 135° E. 3, 1.4 m (vertical component only), azimuth 130° E. 4, 1.0 m (total), azimuth 105 E, dip 50°. 5, 0.7 m (total), azimuth 

125° E, dip 60°. 6, 0.7 m (total), azimuth 125° E, dip 60°. 7, 1.4 m (vertical component only), azimuth 130° E. 8, 1.2 m (vertical component only), azimuth 130°. The 
C3 slip vector measurements used in Fig. 2 from section A-A’ are not repeated here. 
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Fig. 2 The thrust surface break north of Oued Fodda (looking north-east). 
The new fault scarp is 3.2 m high. 


weak pre-existing plane. If such a plane exists the slip direction 

will not necessarily define the broader-scale direction of short- 
fe 

ening’. 


Tensional faulting 


Although the reverse faulting is clear and unambiguous in the 
section we discuss here, the most extensive and striking features 
of the surface deformation are tensional. In other regions, for 
example north of El Attaf thrusting becomes difficult to identify 
but tensional faulting remains obvious. 

Figure 4a shows some of the tensional features to be seen 
when looking south-west from the vicinity of A~A’ (Fig. 1b). 
The faults have produced a graben which seems to be reflected in 
the existing topography, suggesting previous motion on similar 
faults. Figure 4b shows a normal fault in a similar environment 
at the southern end of the fault system. The stratigraphic offset 
here is several times the displacement of 1 m caused by the 
present earthquake. Other examples of normal fault reac- 
tivation were also found. 

Matching of opposite sides of the new tensional cracks*® 
showed that, despite wide variation in dip, most of the new slip 
vectors (including many not shown on Fig. 1b) had horizontal 
components close to N 140°E. 

Two traverses were made across the faultzone to measure slip 
vectors on fault segments. One of these traverses is indicated by 
A-A' on Fig. 1b and the information is summarized in Fig. 5d. If 
no block deformation or rotation occurs between faults then a 
rigid-body kinematic model can be described using a displace- 
ment vector diagram as in Fig. 5c, This suggests that the net 
effect of hanging wall ruptures is to modify the slip vector (and 
hence the fault plane) such that its dip increases with depth. 

Although a rigid block hypothesis is adequate to describe the 
surface ruptures alone, it does not explain evidence for rotation 
and continwous deformation; we therefore reject it. Evidence 
for rotation and continuous deformation is better explained by a 
hypothesis of fold formation. This alternative model does not 
demand a change in fault dip with depth and accounts for all of 
the observed features. 


Evidence for active fold development 
The deformation zone is traversed by the Chelif river (Fig. 1a,b). 


After the earthquake water levels reportedly rose by 5 or 6m, 


and formed a lake ~5 km’ in area. The lake was dammed not by 
the thrust fault scarp but by a gentle upwarp 1 km further down 
the valley. Before the earthquake, upwarping had already dis- 
turbed the otherwise regular trend of the river gradient. This 
may be observed by plotting the river profile from the 1/50,000 
maps (Fig. 5a) and was noted in 1957 by Boulaine’, who also 
ascribed it to active uplift. No lake is indicated in the 1934 
edition of the topographic map (Oued Fodda sheet) but a marsh 
is shown in the 1890 sheet occupying roughly the same area. The 





marsh probably represents the remains of a lake produced in 4 
similar way, which was completely drained by downcutting of 
the river channel before the 1934 map revision. 

The present longitudinal profile of the river is shown in Fig. 5a 
which also shows the profile of a river terrace that forms a clear, 
continuous and dateable feature except in the region of maxi- 
mum uplift. Here the river flows in a gorge" and the terrace 
cannot be traced continuously. Possible terrace fragments exist 
within the gorge section. Boulaine identified a terrace covered 
with immature soils at a height of 30 m above the river’ (Fig. 5a) 
but its relation to the terrace outside the gorge cannot be 
established. Yet even without this information it is clear that the 
terrace is more uplifted than the present river profile. The uplift 
must have occurred after the river ceased flowing at the terrace 
level. 

A maximum age for the alluvial deposits of the terrace is 
provided by Roman sites they have buried in the Chelif basin. 
The age of the terrace surface is at present less certain but it 
could be 500 yr (ref. 11). A comparison of the terrace height 





Fig.3 The thrust scarp, here 1.8 m high, crossing a potato field. Photograph 
was taken along a line used for laying irrigation pipes. The line was not offset 
by the earthquake. 
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with the apparent uplift resulting from the 1980 earthquake 
suggests that one or possibly two earthquakes of similar magni- 
tude have occurred since the end of deposition. 

Figure 5b shows a representative structural section across the 
ridge. The surface breaks we have described occur at the crest 
and on the south-east flank of an asymmetrical anticline 
composed principally of late Tertiary (7 Myr) rocks, The 
deformation displayed by the bedrock (Fig. 5d) echoes that of 
the river profile and of the Chelif terrace. The steeper flank is 
mantled by scree and alluvial fan material. Ravines have cut 
through these deposits near the Chelif river to reveal three 
successive units (Fig. 4c), of which the oldest is nearly vertical, 
the middle dips about 45° and the youngest is in places nearly 
horizontal. The two oldest deposits contain artefacts that are 
Lower Palaeolithic, perhaps Acheulean, in type (Fig. 6) and 
therefore date roughly from the period 1-0.1 Myr ago’*. The 
youngest deposit contains Mousterian artefacts, which can be 
ascribed to the period 0.1-0.03 Myr ago. Deformation was 
therefore already in progress between these two time spans. The 
sequence closely resembles that of the Gafsa area in Tunisia, 
where conglomerates and sands containing late Acheulean 
artefacts with dips ranging up to 80° are overlain by alluvial 
deposits containing Mousterian and later industries. It is no 
coincidence that the Gafsa structure should also be a ‘faulted 
fold’ t. 

The close relationship between the tilted gravels, the thrust 
and the anticline north of Oued Fodda suggests that they are 
co-genetic. If we accept that the deformation of the Chelif 
terrace indicates one event and a recurrence interval of 500 yr 
all the topography shown in Fig. 4d could have been formed in 
15,000 yr by 30 events each with an uplift of 5 m. A similar rate 
has been demonstrated for anticlinal uplift in the coastal 
Zagros'*. The long chronology favoured by some archaeologists 
would, of course, imply longer recurrence intervals. In due 
course radiometric dating wiil remove the uncertainty. 


Earthquake faulting and surface deformation 


Earthquakes result from failure in rock in elastic-brittle condi- 
tions. Localized rupture at the hypocentre extends catastro- 
phically as the rupture front expands over the fault plane until it 
reaches a region where the progressively increasing stress 
intensification resulting from increasing fault area is none the 


Fig.4 a, Tensional surface breaks north of Oued Fodda (looking south-west). 
Note skyline. b, Tensional surface break of 1m reactivating a pre-existing normal 
fault. c, Successive slope and alluvial fan deposits, with unconformities 
emphasized and dip directions arrowed. d, The scarp slope of the anticline 
showing Neogene rocks dipping towards the thrust fault (arrowed). Scale bar, 


100 m. 


less insufficient to fracture more rock'*”’’. The general nature of 
such regions remains enigmatic but certain conditions must 
prevail as the ruptured front of a crustal earthquake propagates 
downwards or towards the surface (see Fig. 7). 

In regions both near the surface and at depth the rupture 
enters rock that is relatively stress-free before the earthquake, 
and fracture is driven into these zones only as a consequence of 
crack-tip stress. We emphasize that, so far as the rupture 
processes are concerned, the medium behaves in an elastic- 
brittle fashion and it is only over long time scales that creep 
relieves stress. Near the surface, stress is slowly relieved by 
chemical processes assisted by water flow in cracked or porous 
rock. These processes are suppressed at depth by confining 
pressure, at even greater depths thermally activated creep pro- 
cesses relieve stress in metamorphic conditions'*. The depths 
that bound the elastic—brittle and elastic—brittle—ductile regions 
are shown in Fig. 7 as 5 and 20 km respectively. These depths 
are, of course, arbitrary and depend on such diverse factors as 
rock type, grain size, groundwater flow, thermal gradient and 
the recurrence period of earthquakes. The behaviour is also 
modified by complex fault geometry and the presence of highly 
incompetent layers such as salt. But, in so far as continental 
earthquakes rarely have hypocentres outside the range of 
5-20km and the surface ruptures of large earthquakes 
broadly reflect the source parameters determined from seismic 
observations, the model in Fig. 7 is adequate. 

An implication of the model is that the rapid deformation at 
the time of an earthquake is elastic—brittle in nature. The 
ductility relieves stress created by the earthquake over a longer 
time scale and hence ‘freezes in’ the elastic deformation field 
produced at the time of the main shock. Following the earth- 
quake, the relaxation of stress in the elastic—brittle—ductile zones 
will tend to reload the elastic—brittle zone. This reloading pro- 
vides an additional or an alternative explanation for after shocks 
to that proposed by Das and Scholz'® who consider that stress 
corrosion in a brittle environment permits crack extension which 
leads to failure; essentially a microscopic process, The 
process described here will produce similar aftershock time 
histories but is a bulk process and depends on creep distant from 
the crack tip. In either case the release of strain in the after- 
shocks is small compared with the main shock and puts an upper 
limit on strain change associated with post-seismic creep. Thus 
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Fig. $ Representative sections show- 
ing faulting and deformation near the 
Chelif river. a, Old river profile from the 
topographic map, and the new river 
profile deduced partly from the form of 
the new lake. The post-Roman (Chelif) 
river terrace is indicated; arrows show 
where the height was calibrated with 
respect to the river profile by levelling. 
The terrace is a clear continuous feature 
between the arrowed positions 
upstream and downstream of the gorge. 
b, Topographical and geological section 
through the anticline showing the rela- 
tion between the tilted gravels (as screes 
and alluvial fans) and the folded Neo- 
gene rocks. c, Vector diagram showing 
the effect of the observed tensional sur- 
face features on the slip vector at depth 
assuming a rigid, non-rotating, block 
model. The vectors correspond to 
motion on features shown in d. 1, 0.9 m, 
dip 60°, azimuth 100°; 2, 0.3 m dip 45°; 
3, 0.3m, dip 30°, azimuth 140°; 4, 
0.5 m, dip 30°, azimuth 145°; 5, 0.2m 
over many small tension cracks; 6, small 
bedding thrusts with negligible offsets in 
this particular section; 7, main thrust 
estimated to dip at 50°; 8, region of 
compression without faulting; irrigation 
channels in this region were telescoped 
by between 1 and- 2m over a distance 
between 200 and 300m; 9, slip vector at 
depth. e, Deformation around a buried 
thrust fault with a dip of 35° and dimen- 
sionless fault parameters’ of d= 1.5, 
D=1.25, L = 10 and slip of 1.15. Note 
that a and b have vertical exaggeration. 


an elastic model approximates both the displacement at the time 
of the earthquake and the strain field following post-seismic 
stress relaxation. Modelling of the effect of ductility, which may 
produce long wavelength (but small strain) displacement fields 
will be discussed elsewhere. 

Figure 5e shows the elastic deformation above a buried thrust 
fault. In this model the fault does not break the surface but the 
deformation field scarcely differs if the fault reaches the surface 
with diminished slip amplitude. The model is calculated using 
analytical finite integral expressions derived by Mansinha and 
Smylie’? for the displacement anywhere in a half space due to a 
buried dislocation surface on which displacement is specified. 
Figure 5e may be interpreted as representative of the defor- 
mation of a single earthquake in which strain has been exag- 
gerated to produce a clear figure, or as an unexaggerated view of 
the cumulative effects of many similar earthquakes. 

Assuming that the fractures represent only a small release of 
the total strain produced in surface materials, the position and 
nature of the fractures (Fig. 5d) are well explained by the model 





Fig.6 . Artefacts from the tilted gravels; a, b and c from the oldest unit; d, e 
and f from the intermediate unit; g from the youngest (ref. 11) unit. The 
scale is in centimetres. 
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in Fig. Se. The only fractures poorly described by the model are 
those marked 6 in Fig. 5d and these had small displacement and 
were related to steeply dipping beds. This explanation of the 
surface features, based on a model of continuous deformation, 
contrasts with that offered earlier using a vector diagram (Fig, 
5c), which assumes rigid unrotated blocks and requires the fault 
plane to steepen with depth. Although continuous deformation 
models in which fault dip steepens with depth would probably fit 
our observations, the data do not demand this refinement. The 
simple continuous deformation model also explains the form of 
the uplift of the river profile and terrace uplift (Fig. 5a). It also 
describes the deformation of the Neogene rocks and the 
present-day morphology (Fig. 5b). 


Conclusions 


Perhaps the most surprising aspect of the Algerian earthquake 
was the predominance of tensional surface faulting associated 
with a compressional event. This effect has been attributed to 
landslip motion or to changes in the dip of the main thrust plane 
with depth. The deformation model we present produces both 
extensional and compressional strain near the surface at the time 
of the earthquake; but, as surface materials fail more readily in 
tension than in compression, widespread tensional features are 
to be expected. The scale of the normal faulting at El Asnam is 
substantial and has produced major features in Neogene rocks. 
Thus normal faulting cannot be taken tc be a fossil indicator of 
regional tension unless it is known to extend into the elastic~ 
brittle zone. 

The relation between structure, morphology and the location 
of surface breaks in the recent earthquake was clear and greatly 
assisted the task of fault mapping. The relation between topo- 
graphy and some of the surface features associated has been 
dismissed by many field workers as the product of large scale 
landslides. This view does not wholly contradict our imterpre- 
tation. The elastic-ductile surface zone must retain sufficient 
shear strength to support the topography (or the mountains 
would rapidly fall down”). The stresses that exist before the 
earthquake modulate the stress associated with the earthquake 
and thus, to some extent, determine where fault features are 
observed. In several places, tensional surface breaks increased 
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Fig.7 The stress environment of a shallow continental earthquake. 


in slip amplitude near the tops of hills and diminished in the 
valleys while the opposite was true of compressional surface 
breaks. 

Although the rocks folded in this earthquake are mainly 
Neogene in age, the present evidence suggests that the observed 
folding is very much more recent. All of the folds in the region 
are unlikely to be this young. It is plausible that deformation has 
moved southwards with time and that the present fold is the 
frontal fold of an assemblage of serial folds?’ (a view to be 
discussed more fully elsewhere), in which case the migration of 
fold activity should be regarded as the effect of serial faulting. In 
terms of the Jackson model of orogenic development”’, this 
suggests that deformation in a closing sedimentary basin starts at 
the centre and spreads outwards. 
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Without suggesting that all folding is as intimately related to 
faulting as in the Aigerian example, one is tempted by the 
simplicity of the proposed mechanism to regard it as widely 
applicable. Faults at depths formerly in the elastic-brittle region 
have been exhumed by erosion in sufficient numbers to account 
for a substantial proportion of surface folding. 

Unlike the conventional view of fold formation as a plastic 
instability in a homogeneous stress field” or as a gradual process 
in incompetent rock above a competent faulted basement? $, 
the observed folding occurs rapidly in conditions of inhomo- 
geneous stress above and as a direct consequence of the proper- 
ties of the elastic—brittle layer. The model also indicates fold 
formation beneath the brittle layer and, in so far as the upper 
and lower layers are arbitrary and time-dependent, within the 
brittle layer. 
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Seismotectonics of the El Asnam earthquake 
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The mechanism of the El Asnam earthquake of 10 October 1980 (M, = 7.2), the strongest recorded in northwestern Africa 
is compatible with a convergence between the African and European plates. The thrust is also consistent with field 
observations and with long period data from the global network. Aftershocks cluster around the fault trace, witha maximum 
depth of 12 km. Maximum vertical displacement is ~6 m and there is some left lateral motion. The fault trace of the 1954 


earthquake at Beni-Rached was also reactivated. 








THE destructive earthquake in the region of El Asnam 
(Algeria) on 10 October 1980 (12.25 UTC) was of magnitude 
M,=7.2 according to the Europeo—Mediterranean Seismo- 
logical Center (CSEM) and M,=7.3 according to the US 
Geological Survey. Previous earthquakes have occurred in 
this region on 9 September 1954 with magnitude 6.7 and 
epicentre at Beni-Rached, and on 7 September 1934 with 


epicentre at El Abadia (Carnot) 5km north of El Attaf 
(m, = 5.0). 

The event was the largest recorded in northwestern Africa, 
and because of its significance to the area geodynamics, a team 
of French and Algerian seismologists and geologists began 
recording the aftershocks and mapping surface breaks within 
48 h. Some of their results are reported here. 
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Fig. 1 Epicentres of 140 selected 
aftershocks (©) recorded by the 
local network ‘up. to 22 ‘October 
1980. A simplified map of the sur- 
face breaks is- included _ for 
reference. 
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Fig. 2. Focal mechanism of main shock 10 October 1980 at 13h 
25min, from long period data of the worldwide network (lower 
hemisphere, equal area projection). O, Dilatations; +, compres- 
sions. The fault plane is well constrained and agrees with field 
observations, the auxiliary plane is less defined. The solution with 
no strike-slip is shown. Long period P-arrivals at different stations 
of the global network are shown. Theoretical seismograms (upper 
records) fit the first part of the signal in amplitude and phase. The 
numbers link seismograms to points on the focal sphere. 
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Geodynamics 


The Maghreb, like other sectors of the Western Mediterranean 
region has significant Quaternary tectonic movement, Recent 
neotectonic studies in the region’’ have shown that the defor- 
mation is mostly compressional with associated folds, strike-slip 
faults, and thrusts, and a direction of shortening between N~S 
and NNW-SSE. This direction is compatible with the con- 
vergence of the European and African plates. Evidence of 
extension with direction E-W to ENE-WSW, orthogonal to the 
direction of shortening has also been found’. 

The large scale tectonics have been explained using plate 
tectonics and continuous deformation models*”. However, the 
distribution of intra-continental deformation suggested by the 
diffuse pattern of the seismicity and the focal mechanisms, 
indicate a plastic collision of continental masses without well- 
defined linear plate boundaries. 


Effects of the earthquake 


The main earthquake killed more than 3,500 people within the 
El Asnam district (population ~ 900,009); Most of the casual- 
ties occurred in the cities, although 80% of the people live in the 
countryside. The MKS intensity reached X in the cities of El 
Asnam, Oued Fodda and El Attaf. The inhabitants of the region 
felt small shocks as early as July 1980. 

Many surface features accompanied the shock: the uplift of 
the northwestern block produced a natural dam ~~ 4 km north- 
east of the city of Oued Fodda, where the Cheliff river formed a 
lake ~ 2.5 km’ in area at the point where the Chelif river enters 
a canyon: landslides on the walls of the Canyon also contributed 
to the dam. This phenomenon shows that the river is older than 
many of the geological structures of the region: damming of the 
river may have occurred several times during the Quaternary, as 
shown by geomorphological evidence: for example, elevated 
meanders on the north-west block and thick sedimentation 
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Fig. 3 a, Structural map of the epicentral region. 1, Thrust; 2, 

normal fault; 3, vertical cracks; 4, landslides; 5, direction of 

compression; 6, direction of extension; 7, flood; 8, site of slip 

measurements. b, Displacement vectors and striations. Stippling, 

extension cracks; hatching, pressure ridges. Lower hemisphere 

Schmidt projection shows the fault trace and striation or dis- 
placement vectors (4.5.6.). 


during the Quaternary before entering the canyon due to suc- 
cessive inundations. Perturbations of the flow of the Chelif river 
reported* after the 1954 earthquake can possibly be attributed 
to the same cause. Detailed observations of the Quaternary 
sediments under the lake* should enable the recurrence record 
of large earthquakes along the fault to be studied. 

Groundwater subjected to a sudden pressure increase was 
ejected to the surface leaving sand blars characteristic of large 
earthquakes. Many natural sources were interrupted (near the 
fault) and others were reactivated (away from the fault). 


Main shock 


Relocation was used with respect to a well determined reference 
shock (one recorded by our local network and by the global 
network (8 November 1980, at 7h 54min, m, = 5.3)) to obtain 
more precise epicentres for the main shock and the largest 
aftershock: values of 36°11.1'N, 1°22.8'E for the main shock, 
and 36°12.5'N, 1°32.0'E for the largest aftershock (10 October 
1980 at 15h 39min; m, = 6.0) were obtained with standard error 
of 1.6 and 1.5 km respectively (Fig. 1). These differ by less than 
8km from values obtained by the USGS and the CSEM. 
Because our method fails to provide good depth control, we 
regard the vertical distribution of the aftershocks which give a 
maximum of 12 km for the depth of the main shock and of the 
largest aftershock as an important constraint. The data on the 
focal mechanism of the main shock, from the long period 
stations of the global network are shown in Fig. 2a. The fault 
plane can be determined accurately, but the auxiliary plane is 








uncertain. Our solution has no strike-slip (¢ = 230°, 8 = 52°, 
A = 90°), but field observations suggest that a small component 
of left lateral motion is present, at least in the southern part of 
the fault zone. Field observations also allow the seismic moment 
to be estimated. If we assume an average displacement of 4 m, a 
fault length of 40 km and a fault width of 15km from the 
aftershocks distribution p = 3.10'' dyn cm~?, we obtain a seis- 
mic moment Mo = 7.2 x 10°% dyn cm. A similar seismic moment 
of Mo = 4.1 x 10°° dyn cm was also obtained by modelling long 
period P-wave recorded at various stations, Figure 2b compares 
observed and theoretical seismograms using a simple point 
source in an homogeneous medium and the radiation pattern 
given by Fig. 2a. The source function is trapezoidal in shape with 
a total duration of 12 s. On some of the stations (PRE, GRM, 
ARO, BTG, LPA) a secondary arrival is observed some 3 or 45 
after the first one. This arrival is not seen at SHK, MAT, KEV 
and JKF and may be due to fault propagation. The arrival times 
of the reflected phases led us to work with a focal depth of 
3.5 km; the position of the relocalization, however, meant that 
this was too shallow: A more complex time function of the 
source leads to a greater depth: the indroduction of a sedimen- 
tary layer above the source (v, = 4.5 km s™*) has little effect on 
the waveforms. 
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Fig. 4 Vertical distribution of the hypocentres of aftershocks at 

three different cross-sections (see Fig. 1). The complexity of the 

distribution increases from south-west (a) to the north-east (c) 
Dashed lines show the fault plane from teleseismic data. 
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Fig. § a, Block diagram showing the structures at southern end of 
the fault. F}, Flexure cracks; F3, left lateral en échelon cracks; F3, 
extension cracks parallel to pressure axis. b, Schematic cross- 
sections. A, NW-SE section through Beni~Rached: 1, flysch; 2, 
medium Miocene marls,; 3, higher Miocene marls; 4, Pliocene 
sandstone: 5, conglomerates; 6, recent Quaternary. B, N-S section 
through the anticline north-west of El Abadia (Fig. 3, site 10). 


A stress drop of 70 bar can be estimated from the field 
observations using the procedure of Kanamori and Anderson’. 


Aftershock activity 


A network of 14 seismic stations (11 portable Sprenghneter 
MEQ-800 paper recorders and three 3-component analogue 
magnetic tape event recorders) were installed around the fault 
and operated for more than a month starting on 12 October. For 
clear records in conditions of strong aftershock activity, a low 


Fig. 6 a, The 1.30-m left lat 
slip measured on a ploughed 
at Zebadja near the centre of 
fault. b, Southern segment of 
fault. Typical pressure ric 
showing the uplift of the nc 
western block (to the left), 
collapse due to gravity. Exten 
cracks follow the compression 


gain was selected. A drum speed of 12 cm min “was chosen and 
to obtain precise readings time marks were activated every 
second. Epicentres of 150 aftershocks within the period 
between 12 to 22 October 1980 (see Fig. 3) were determined 
using the HYPO 71 program with a layer of 3 km of 45kms” 
over an half space of 6 kms`'. Most of the aftershocks cor- 
respond to local magnitude (calculated from duration) smaller 
than 3. There is a clear difference between the b-values at the 
north-east and those at the south-west side of the fault trace. For 
example, the station at El Tnine, (NE) recorded ~ 500 events 
per day, whereas that at Ouled Ben Abdel Kader (Massena) 
(SW) had only 50 events per day, the difference being smaller for 
the larger events located near these stations. There is clear 
indication of migration of seismicity at this stage of the analysis. 
A striking feature of the seismicity pattern is the gap in activity 
between the epicentres of the main shock and the city of Oued 
Fodda. This gap may be due to the fac: that, after the main 
shock, most of the stress was released. Note that there is almost 
no seismicity around the trace of the curved fault at Beni- 
Rached which was activated during the 1954 earthquake. 
Overall aftershocks are concentrated towards the ends of the 
fault trace, but there is also a cluster towands the centre, north of 
the city of Oued Fodda. 

Figure 4 shows cross-sections drawn at three places along the 
main fault and aftershocks contained within 11 km on each side 
of the cross-section projected on a vertical plane. Almost all the 
aftershocks have depths <12km, with a standard error of 
2-3 km. Sections a at the south-west and b at the centre of the 
fault suggest a steeper fault plane than that given by the focal 
plane solution of the main shock. This slope is more pronounced 
in section a, indicating either a discontinwity or a twisting of the 
fault surface. Seismic activity is concentrated on the southeast- 
ern block. On the other hand the cross-section c shows a very 
diffuse pattern of seismicity. This area has the most complex 
surface breaks, The fact that a fan of surface cracks is observed 
suggests a multiple branching of the fault at depth at the end 
where the tearing stopped. This complexity might also explain 
the abundance of microearthquakes there compared with the 
smaller number of events recorded at the southwestern end. 

Many records provided clear first readings and an attempt was 
made to construct mechanisms for the different clusters of 
aftershocks. Those located to the southwestern side of the fault 
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trace, show a coherent composite mechanism that agrees rather 
well with the NW-SE compression and associated thrust of the 
main shock. But the data from the centre and the north-east give 
incoherent composite solutions. The only inference that we may 
draw at present is that the fault complexity seen at the surface 
also occurs at depth. 


Tectonic structures 


A large area was affected by surface fracturing (Fig. 3). The fault 
is relatively linear on the southern segment (N050) but it 
becomes wider and more complex towards the north as it 
approaches the hills on the right bank of the Chelif. This 
complex fault is superimposed on the complex geological struc- 
ture of this area: the southwestern Miocene monocline gradually 
becomes a strongly folded and faulted structure towards the 
north-east (see cross-section, Fig. 5). The combined effect of 
rugged topography and the strong dip of layers of different 
strength in the folded area, may generate landslides of 
considerable extension and it is not easy to separate structures 
due to faulting from mass displacements produced by gravity. 
This is the case at Beni-Rached (see Fig. 3). 

(1) Southern segment of the fault: the fault trace seems to be 
continuous in this region but a detailed analysis shows a suc- 
cession of segments connected by en échelon cracks. There were 
several notable common features observed in this region. 

A topographic flexure, some metres in size, with extension 
cracks parallel to the axis of the fold (see Fig. 56, A) commonly 
occurred with the main break at the inflection point of this 
flexure. A striated fault plane is sometimes present. The stria- 
tions indicate thrusting with an occasional left lateral motion 


component. At the sites with soft topography (small inclination | 


of the fault plane near the surface) cracks (Fig. 3), some metres 
to tens of metres long are disposed en échelon indicating a left 
lateral displacement (see Fig. 5a). In all cases, outside the 
flexured area, we may see extension cracks that seem to be 
parallel to the pressure axis (Fig. 5a). In many places, where the 
surface soil is thick and unconsolidated (cultivated fields) the 
fault is recognized by a succession of pressure ridges (10-150 cm 
high) with the axis parallel to overall fault strike. The pressure 
ridges are shifted along extension cracks en échelon cor- 
responding to transform faults. Similar surface features, which 
are very common along surface breaks during large shocks, were 
observed for the Tabas-e-Golshan earthquake’, and the Paria- 
huanca earthquake? (Peru) (Fig. 6b). 

(2) Northern segment: near the city of Oued Fodda the fault 
changes direction from N050 to N070 for ~3 km, and returns to 
NO050 for ~10 km. At this point the fault spreads into several 
branches, some of which again have a NO70 direction. North- 
west of Oued Fodda the faulted zone is superimposed on an 
important topographic step, corresponding to an anticline 
affecting a Mio~Plio-Quaternary terrain. This anticline zone 
becomes N080 north of El Adabia. Here the faulting becomes 
more diversified and there are a large number of breaks with the 
aspect of normal faults, These normal faults are localized on the 
anticline, while below the relief there is a region of compression 
folds and thrusts with important displacements (up to 2.5 m) 
north of Oued Fodda (see Fig. 5b, A). On the other hand, 
motion along the segment at N070, between the lake formed by 
the Cheliff river and El Abadia, is modest (15~30cm of 
horizontal displacement). 

Normal faults within this region show different characteristics. 
In many cases they are the result of the extension of the surface 
layers of the fold (Fig. 3, site 7) or they may also correspond to 
the gravitational collapse of the upper block of the thrust. Those 
observed north of El Abadia, may result from slip along bedding 
planes with amplitudes of up to 3 m. This case occurs frequently 
in this zone, and steeply dipping beds seem to guide the defor- 
mation, Also, a fault with a ‘normal’ aspect on the surface may 
become a thrust at depth. This could be the case in Fig. 3 at 
points 10, 11 and 12, and Fig. 5b, A. Analogous cases of normal 
faults that show an aspect of reverse faults at the surface, have 
been demonstrated” for the Thessaloniki earthquake. 


More complex deformation mechanisms are observed in the 
folded region at the north, the whole anticline structure being 
affected. The left lateral component of the displacement at the 
south may be absorbed here. This hypothesis agrees with the 
progressive increase of the vertical slip towards the north-east. 
(3) Dislocations at Beni-Rached and Sidi Djilali: a continuous 
system of normal faults with large offsets extends for several 
kilometres near Beni~Rached in an arcuate shape near the 
interface between the thick limestone series of the Miocene 
marls and the Pliocene sandstones. This geometry suggests a 
large gravity slide. Several workers have described important 


‘water jets at the base of the relief at the level of the Cheliff 


valley, together with slow motions of the soil for several days 
after the main earthquakes. Note that these were the same 
structures that were activated during the 1954 earthquake’. 
The cross-section in Fig. 5b, A shows that the folds in the 
Pliocene layers on the right bank of the Cheliff valley may be 
explained by successive repetitions of the large landslides at the 
base of the Pliocene sandstones during the Quaternary, with the 
folds at the Cheliff level accounting for the extension in Beni- 
Rached. However, the complexity and size of the deformation 
mechanism means that a tectonic origin for these features is also 
possible. A detailed study of the aftershocks may throw some 
light on the nature of the tectonics at depth. 

At Sidi Djilali (5-km west of Beni~Rached), the inter- 
pretation of the structures becomes more difficult. Some of the 
structures may be the continuation of those present at Beni- 
Rached, but others, corresponding to a graben parallel to the 
line of steepest slope have a tectonic origin. The direction of the 
grabens is roughly parallel to the compression axis as measured 
at the level of the main fault. The same interpretation may be 
given to certain graben to the east of Beni-Rached near the 
intersection with the main fault (Fig. 3). Also, a single focal 
mechanism corresponding to the only aftershock (8 km in depth) 
located at Sidi Djilali (Fig. 1), although constrained by the small 
number of stations, is compatible with a WNW extension of the 
graben. 


Slip amplitude 


A topographic survey conducted by the Algerian SNTF revealed 
important movements across the fault along the rail track from 
Algiers to Oran. The mean slope was 2% before the earthquake 
and is now 2% over 300 m. The levelling 3 days after the main 
shock shows that the changes are discontinuous, the largest 
being 6 m. The vertical displacements decrease to the South of 
the fault zone and disappear near the RN 19 highway (Fig. 3, site 
1). To the north, vertical displacements are often larger than 1 m 
(2.5 m north of Qued Fodda) and reach 4 m north of El Abadia. 

The amount of horizontal displacement increases from the 
south to the centre of the fault. It is zero at the level of RN 19 
and amounts to ~1.30m of left lateral slip at the centre 
(Zebadja) (Fig. 6a). It may reach 2.70 m to the north of Oued 
Fodda. It was measured by the offset of linear structures 
traversing the fault. . 

A measure of ground shortening was possible using a water 
duct orthogonal to the fault trace north of Oued Fodda. We 
obtained a total shortening of 2.2 m over 300 m—following the 
relative displacement of the duct with respect to the soil would 
give a separate confirmation of this observation—this figure 
provides a lower limit on shortening across the fault as the 
aqueduct did not cross the entire zone. 


Conclusions 


We have shown that, except for Beni~Rached and Sidi Djilali 
where gravity has a role, the nature of observed dislocations is 
consistent with a thrust with some left lateral slip in the South. 
The focal mechanism determined from long period data agrees 
with surface tectonics and aftershock distribution. Seismic 
moment calculations determined independently from local 
seismotectonic evidence and from long period P-data also give 
similar values. 
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The complexity of the fault increases from the south-west to 
the north-east, as indicated by surface evidence, aftershock 
distribution, the difficulty to obtain composite mechanisms, and 
b-value variations. The main fault, some 40 km in length which 
has been active during the Quaternary, is associated with folding 
of the Miocene, Pliocene and Quaternary formations, and is 
composed of segments of two different directions NO50 and 
NO70; flexure on the northwestern side of the main rupture 
produces a set of normal faults. 

The 1980 earthquake, in contrast with the 1954 earthquake, 
shows a remarkable concordance between surface tectonics and 
seismic focal mechanisms giving a stronger constraint for plate 
motions. In particular, the shortening of ~2.50m gives an 
upper limit to the relative motion between Africa and Europe of 
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The human genome contains a single and constant locus (c-sis) related to the transforming gene (v-sis) of simian sarcoma 
virus. The isolation of a recombinant phage containing the entire human c-sis gene has allowed the study of its genomic 
organization: c-sis extends over a region of ~ 12 kilobases (kb) which includes 1.2 kb of v-sis-related sequences interrupted 





by four intervening sequences. 





RETROVIRUSES have been identified as the aetiological agents 
of naturally occurring tumours in several animal species (see ref. 
1 for reviews). Furthermore, recent evidence indicates that they 
can sometimes be isolated from certain human T-cell leuk- 
aemias and lymphomas (see refs 2, 3 and review in ref. 4). Some 
of these agents rapidly induce tumours when inoculated into 
animals and can transform cells in vitro*. The genomes of these 
viruses contain sequences, called viral onc genes, which are 
directly responsible for transformation both in vitro and in vivo. 
Substantial evidence indicates that these onc genes originated 
from normal cellular genes by recombination between a parent 
non-transforming virus and host cellular DNA®*. Molecular 
hybridization experiments have shown that the cellular genes 
that gave rise to viral transforming genes are conserved 
throughout evolution" and that their rate of evolutionary diver- 
gence parallels that of globin sequences’. This evolutionary 
conservation suggests that cellular onc genes may code for 
important functions in cell growth or tissue differentiation. 

As these normal cellular genes are homologous to viral trans- 
forming genes, their potential role in tumorigenesis is of great 
interest. Several examples suggest that transformation could, in 
some cases, be due to an increased level of onc gene expression. 
In the case of the Rous sarcoma virus, the protein product of the 
vital transforming gene (src) is indistinguishable from that of its 
cellular homologue (sarc) °. The protein (pp60°") is present at 
low levels in uninfected cells and its amount is elevated 100-fold 
in transformed cells’°. Another cellular enc gene, c-myc, 
related to the avian myelocytomatosis virus (MC29) is also 
implicated in neoplastic transformation. B-cell lymphoma 


induction in chickens by the non-acute leukosis virus (RAV-2) 
is sometimes associated with ‘downstream’ promotion of 


These observations underline the importance of studying the 
structure and function of human onc gene. Reports of preli- 
minary experiments have confirmed the presence of some of 
these cellular onc genes in the human gerome*’*"*, Here we 
report the detection, molecular cloning and genomic organiza- 
tion of a newly described human onc gene {c-siy) related to the 
transforming gene (v-sis) of simian sarcoma virus (SSV). 

The human genome contains v-sis-related 
sequences (c-sis) 

SSV is a defective transforming virus isolated from the fibrosar- 
coma of a woolly monkey'*’®. The genomes of both SSV and of 
its helper, simian sarcoma-associated wirus (SSAV), were 
recently cloned in our laboratory". The recombinant phages 
containing SSV (A-C60) and SSAV (A-B11) were characterized 
and compared with each other. The SSV genome was found to 
have a 1.2-kilobase (kb) insert, not shared by SSAV, which 
represents the viral onc gene (v-sis)'’. Molecular hybridization 
experiments suggest that v-sis is a unique viral onc gene ori- 
ginating from woolly monkey DNA (F.W.-5. er al, unpublished 
data). 

To investigate whether the human genome contains 
sequences related to v-sis, we analysed human DNA by restric- 
tion enzyme digestion and Southern blotting”. Both SSV and 
SSAV were subcloned in the plasmid vector pBR322 (ref. 19) 
and the resultant recombinant plasmids (pC60 and pB1l1, 
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Fig. 1 Restriction pattern of c-sis in total 

human DNA (a) and in clone A-L33 (A). a, 

DNA from the human cell line HL60 (ref. 38) 

was prepared by cell lysis, proteinase K 

digestion, phenol extraction and ethanol 

precipitation’; 20 ug were digested with 40 

units of the appropriate restriction a 
endonuclease in standard conditions 
recommended by the supplier. Fragments 
were separated by electrophoresis on a 0.8% 
agarose gel, DNA was denatured and trans- 
ferred to nitrocellulose as described by 
Southern” and hybridization was performed 
using dextran sulphate*”. The probe used was 
2x 10° c.p.m. of nick-translated'® SSV DNA 
(clone pC60). pC60 is a recombinant plasmid 
derived from A-C60, the recombinant A 
phage in which the entire SSV genome was 
originally cloned", For subcloning into 
plasmid, the A-C60 insert was excised by 
EcoRI digestion, isolated on agarose gel and 
ligated into EcoRI-cleaved and bacterial 
alkaline phosphatase-treated pBR322 (ref. 
41). Subclone selection was performed by 


EcoRI 


24- 
17- 


BamHI 





Xba 





colony hybridization to 32D labelled SSV/SSAV cDNA**. b, A partial Alul~Haelll human DNA library (from T, Maniatis)?’ was screened using 
““P-labelled pC60 as a probe: 2.5 x 10° plaques were screened and one positive signal was obtained. The corresponding phage (A-L33) was 
plaque-purified three times and grown in large scale”'. A-L33 DNA was purified and 2 ug analysed as detailed in a. Molecular weights are in 


kilobases (kb). 


respectively) were used to probe genomic blots of human DNA. 
Twelve different samples of human DNA from normal tissues, 
cell lines, leukaemic leukocytes and solid tumour tissues were 
digested with several restriction enzymes, run on agarose gel and 
hybridized in duplicate to pC60 and pB11 DNAs labelled with 
**P by nick translation””. In all cases the same set of bands was 
detected by pC60 (an example is shown in Fig. 1a) but no 
hybridization was obtained using pB11 (not shown). The fact 
that v-sis is the only region of pC60 not present in pB11 
indicates that human DNA contains a cellular homologue (c-sis) 
of the SSV transforming gene. To confirm that the hybridization 
was specific for v-sis, different plasmid subclones of pC60 were 
used as probes. Only those known to contain v-sis (sequences) 
detected some or all of the bands identified with pC60 (data not 
shown). Analogous results were obtained with DNAs from 
several vertebrate species, confirming the evolutionary conser- 
vation of c-sis'*, In all human DNAs tested c-sis is contained in 
a 20-25-kb fragment delimited by EcoRI and HindIII restric- 
tion sites. Within this region of DNA there are internal cleavage 
sites for several other restriction enzymes (BamHI, Xbal and 
Bgill, Fig. 1a) and these are also conserved among different 
DNA samples. These data suggest that c-sis is a single-copy 
gene with a constant locus in the human genome. 


Isolation of a recombinant phage containing 
human c-sis 


A clone of the c-sis gene was isolated from a recombinant phage 
library of human DNA”. *P-labelled pC60 was used as a probe 
to screen 2.5 x 10° phage, corresponding to about one genome. 
A single recombinant phage (A-L33) was isolated by the Benton 
and Davis plaque hybridization technique”. After EcoRI 
digestion to release the insert from the Charon 4A (Ch 4A) 
vector arms, the DNA was analysed by Southern blotting with 
the same enzymes used in the analysis of the genomic DNAs. 
The results are shown in Fig. 1b. Digestion with EcoRI showed a 
single 14.8-kb band. Ethidium bromide staining of the gel (not 
shown) revealed three fluorescent bands: the same 14.8-kb 
insert and the two vector arms (20 and 10.5 kb), indicating that 
A-L33 insert has no EcoRI internal cuts. Thus, the size of the 
human DNA insert in A-L33 is 14.8 kb. Digestion with HindIII 
yielded a band of 14.1 kb; an additional band of 0.7 kb visible in 
the gel did not hybridize to pC60. Therefore, comparison with 
Fig. 1a suggests that most of the EcoRI-EcoRI and HindIII- 
HindIII regions are present in the 14.8-kb A-L33 insert. Within 
this region all the v-sis-related fragments generated by BamHI 


and BglII are the same size as genomic DNA fragments 
generated by the same enzymes. The two Xbal sites of c-sis in 
genomic DNA are also present in A-L33 as shown by the 
presence of three bands in A-L33. One band (3.6 kb) in the 
genomic blot is identical in size to a band in A-L33 (Fig. 15) and 
the other two, corresponding to ~40 kb of genomic DNA, are 
partially represented in the 14.8-kb A-L33 insert. 

In all the enzymes tested (XhoI, Sstl and Pstl: not shown) 
there were no bands visible in the genomic blot that did not have 
equivalent bands in the A-L33 blot. These data suggest that the 
entire c-sis is included in the clone. This was further confirmed 
by the facts that: (1) °*P-labelled A-L33 detected all the v-sis- 
specific fragments in a Southern blot filter containing a restric- 
tion digest of pC60 (data not show); and (2) heteroduplex 
analysis between A-L33 and A-C60 showed that the region of 
homology between the two clones is ~1.2 kb, the estimated size 
of v-sis (see Figs 4, 5). The availability of a clone containing the 
entire c-sis allowed us to study its genomic organization. 


Genomic organization of c-sis 


Two techniques were used to locate the regions in A-L33 
homologous to the 1.2-kb v-sis sequence. v-sis-related 
sequences in A-L33 were mapped by restriction enzyme analysis 





Fig.2 5'>3' orientation of c-sis in A-L33. a, Xbal-digested A-L33 
DNA visualized by ethidium bromide staining. b, EcoRI + Xbal- 
digested A~L33 DNA (ethidium bromide staining); 20- and 10.5- 
kb bands represent the left and right arms of Ch 4A, respectively. c, 
Hybridization of DNA from b to a probe containing the 5’-specific 
region of v-sis (plasmid pBG3). pBG3 was constructed by ligation 
of a Begill fragment of pC60 (ref. 17), containing 0.35 kb of 
SSAV-related sequences and the first 5’ 0.3 kb of v-sis, into 
BamHI -cleaved pBR322. 
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Fig. 3 v-sis homologous regions 
are fragmented in c-sis. A-L33 DNA 
(100 ng) was digested simul- 
taneously with EcoRI and Xbal 
restriction endonuclease. Fragments 
were run on a 1% agarose pre- 
parative gel. Bands at 6.6, 4.6 and 
3.6 kb, corresponding to the human 
DNA insert, were purified from 
agarose by the Nal-glass powder 
binding method”? and 100 ng from 
each fragment were digested 
separately, run on a 1.4% agarose 
gel and transferred to duplicate 
nitrocellulose filters. One set of 
filters was hybridized to *’P-pC60 
«DNA, the second to **P-labelied A- 
L33 DNA. a, Hybridization to 
pC60; b, reconstructed restriction 
map of A-L33 derived from hybri- 
dization of each Xbal fragment to 
*2p-tabelled A-L33 DNA (blots not 
shown); c, brackets indicate the 
position of fragments (shown in a) 
which hybridize to pC60. 
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Hairpin 
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° 
Fig. 4 Heteroduplex analysis of c-sis and v-sis. a, Electron 
micrograph of heteroduplex structure formed by annealing A-L33 
DNA and A-C60 DNA. Heteroduplex formation was carried out in 
$0% formamide and 25 °C after alkali denaturation of caesium- 
banded phage particles**. Heteroduplex spreading used a hyper- 
phase of 50% formamide and a hypophase of 20% formamide*”. 
Magnification x14,000. b, An interpretive drawing of the 
heteroduplex structure. Intervening sequences are designated [VS 
1-4 in the 5’ 3’ direction of c-sis and SSV DNA. 


and heteroduplex molecules were formed between A-L33 and 
the recombinant phage containing the SSV genome (A-C60). 

Restriction enzyme analysis: The orientation of c-sis in A-L33 
was determined using the endonuclease XbaI which does not cut 
either arm of Ch 4A (ref. 23). Digestion of A-L33 with Xbal 
yielded three fragments of 26.6, 15.1 and 3.6 kb (Fig. 2a). When 
the human DNA insert was released from the vector arms by 
EcoRI digestion, the 26.6- and 15.1-kb fragments were reduced 


Sst! + BamHI + 


as 07,10, 


to 6.6 and 4.6 kb, respectively, which suggests that they are 
linked respectively to the left (20 kb) and right (10.5 kb) arm of 
Ch 4A (Fig. 2b). The 3.6-kb band is conserved in both diges- 
tions; thus this fragment is not linked to vector arms and is 
located centrally in the A-L33 insert. To determine the 5’ 3’ 
orientation with respect to the sis coding sequences, EcoRI- 
Xbal-digested A-L33 DNA was hybridized to a probe specific 
for the 5’ region of v-sis. Only the 6.6-kb fragment hybridized to 
this probe (Fig. 2c). Thus the data suggest that the orientation of 
Xbal fragments in A-L33 is: (Ch 4A left arm)~5S'~6.6 kb~3.6 kb- 
4.6 kb-3’~-(Ch 4A right arm). For simplicity we mapped each 
Xbal fragment separately after isolation on a preparative 
agarose gel**. Restriction digests of each fragment were used to 
make duplicate Southern blots to hybridize to “P-labelled 
A-L33 or p-C60 DNA. A-L33 bands (net shown) allowed the 
construction of the map shown in Fig. 3b. 

The v-sis-related bands are shown in Fig. 3a for each of the 
three fragments. These bands represent sequences.of homology 
in five noncontiguous regions (bracketed in Fig. 3c), Fragments 
detected by A-L33 but not by pC60 represent DNA consisting 
only of sequences unrelated to v-sis. In the case of the internal 
Xbal fragment these must be due to intervening sequences 
interrupting v-sis-related regions. Both intervening sequences 
(that is, between hybridizing regions) and flanking cellular 
sequences are present in the 5’ and 3’ Xbal fragments of c-sis. 

The restriction enzyme analysis suggests the presence of five 
v-sis homologous regions interrupted by four intervening 
sequences. To analyse further this structure, electron micro- 
scopic studies were performed. 

Heteroduplex analysis: Human c-sis, cloned in Ch4A, and 
the 6.3-kb SSV genome, cloned in Ch 21A (Ch 21A) (ref. 17), 
were compared by heteroduplex formation. A typical molecule 
is shown in Fig. 4. The left arm of Ch 21A (C60) is 21.2 kb, of 
which 19.8 kb from the end are identical to the entire left arm of 
Ch 4A (L33) (ref. 23). Two portions of the right arms are the 
same” and form an interrupted duplex. The hairpin loop struc- 
ture in A-C60, formed by the self annealing of a direct and 
inverted long terminal repeat (LTR)’’, provides a convenient 
marker for locating v-sis at the 5’ side of the hairpin. Here a 
region of hybridization (~1.3 kb) betweer A-C60 and A-L33 can 
be seen. This region contains four deletion loops which 
represent sequences in the A-L33 insert nonhomologous to v-sis. 
As they are between regions of homology they are most likely 
the four intervening sequences identified in the restriction 
enzyme map. Between the left arm area of the vectors and the 
region of homology there is a substitution loop formed by the 
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5'-flanking cellular sequences of A-L33 (which do not hybridize 
to the SSV helper sequences 5 of v-sis) and the remaining 1.4 kb 
of the Ch 21A left arm not included in the Ch 4A left arm. A 
large substitution loop 3’ of v-sis includes SSAV-related 
sequences of C60 and the Ch21A right arm facing A-L33 
flanking cellular sequences and the Ch4A right arm. 
Measurements and orientation of the left substitution loop, 
“duplex regions and the deletion loops (Fig. 5) are consistent with 
the map derived from the restriction enzyme analysis. A general 
scheme of the genomic arrangement of c-sis is shown in Fig. 5. 


Repeated sequences in c-sis introns 


In heteroduplex experiments, A-L33 single-stranded molecules 
showed various secondary structures. Furthermore, when A-L33 
was used as a probe in genomic blot experiments with human 
DNA, a hybridization smear was visible (data not shown). These 
observations prompted us to check the presence of repeated 
sequences in A-L33, specifically, the Alu family of interspersed 
repeats because most repeated sequences in the human genome 
belong to this family**. Accounting for 3-5% of human DNA, 
the Alu family consists of several 300-base-paired fragments 
bearing a single Alul site**, A recombinant plasmid (BLUR 8) 
containing a 300-base pair Alu repeat insert? was used as a 
probe to ascertain the presence of these repeats in A-L33. 
Several regions of hybridization were seen in restriction digests 
of A-L33 DNA (data not shown). To locate the repeats more 
precisely, each Xbal fragment was mapped as previously 
described. Results are shown in Fig. 66. Segments containing 
Alu repeats are located in three separate regions included in two 
different intervening sequences. Their approximate positions 
are also shown in Fig. 5. 


Discussion 


Vertebrate genomes contain nucleotide sequences homologous 
to the transforming genes of oncogenic retroviruses” !?"1476”, 
Our study extends this observation to the cellular homologue of 
v-sis, a newly characterized viral transforming gene’’, most 
likely originated from woolly monkey DNA (F.W.-S. et al., 
unpublished data). We report elsewhere’* that c-sis is conserved 
among vertebrate species and here we describe the charac- 
terization of the c-sis locus in the human genome. Our data 
suggest that v-sis homologous sequences are present in a single 
and constant locus in human DNA. This locus showed no 
polymorphism in our analysis of 12 different DNA samples. c-sis 
consists of a DNA sequence 12 kb long where 1.2-1.3 kb of v-sis 
homologous sequences are interrupted by four intervening 
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Fig. 5 A schematic representation of the organization of c-sis 
sequences in A-L33. The lengths of the v-sis homologous regions 
(black boxes) and intervening sequences (solid lines) are mean 
values derived from measurements of at least six heteroduplex 
structures. Standard deviations range from +5% for the larger to 
+15% for the smaller measurements. Charon 4A DNA sequences 
are not shown here; arrows indicate the ends of the cloned genomic 
fragment. @@@ Indicate the approximate position of repeated 
sequences of the human Alu family (see text and Fig. 5). kb, 
Kilobases. 


sequences. The presence of intervening sequences has been 
shown in all but one case by studies of cellular onc genes from 
the species of origin of the respective retroviruses. Examples are 
the cellular onc genes of Abelson leukaemia virus in mice, of 
Harvey sarcoma virus in rats, Rous sarcoma virus and avian 
erythroblastosis virus in chickens, and feline sarcoma virus in 
cats'**°, Although v-sis is not originated from human DNA, the 
general structure of c-sis has been preserved throughout evolu- 
tion, which suggests that it may represent a functional gene in 
man. If c-sis and v-sis code for a similar protein as in the Rous 
sarcoma system’, the intervening sequences would represent 
noncoding regions (introns) which would be excised during 
RNA processing. 

A separate observation reported here is the presence of 
repeated sequences related to the Alu family of repeats in c-sis 
introns. The significance of this finding is unknown. Members of 
this family of repeats are estimated to be present ~300,000 
times throughout the human genome”*. They have been found 
at the 5'- or 3‘-flanking region of several genes and in the 
intergenic region of gene clusters, as in the case of the human 
B-globin gene family~*. However, their inclusion in intervening 
sequences has not been reported. Preliminary data from our 
laboratory suggest that the human onc genes related to feline 
sarcoma virus (c-fes) and avian myelocytomatosis virus (c-myc) 
also contain Alu repeated sequences. Further experiments will 
be required to determine the exact location of these repeats in 


BamHI 


Fig. 6 Mapping in  4-L33 of 
repeated sequences homologous to 
the human Alu family. a, A-L33 Xba 
fragments of DNA were prepared as 
described in Fig. 2 legend and each 
fragment was hybridized to BLUR 8 
DNA”, This recombinant plasmid 
contains a 300-bp insert cor- 
responding to one copy of the human 
Alu family of interspersed repeats”. 
b, A~L33 restriction map; c, brackets 
indicate the position of hybridizing 
fragments (shown in a). 
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the different cellular onc genes and their role, if any, in one gene 
expression. 

Thus far, the protein product of either v-sis or c-sis has not 
been fully characterized. Many of the known retroviral trans- 
forming proteins are kinases which have the unusual property of 
phosphorylating tyrosine residues’’**. Furthermore, recent 
studies indicate that some of these viral onc gene products are 
structurally and functionally similar to cellular protein kinases 
involved in the regulation of the (Na* + K”)ATPase pump (M. 
Spector and E.. Racker, personal communication). It is of inter- 
est to test whether other onc genes, including c-sis, are involved 
in this basic metabolic pathway. In preliminary experiments we 
used cloned SSV DNA bound to nitrocellulose to select v-sis- 
specific mRNA from SSV-transformed non-producer cells. Jn 
vitro translation of this mRNA resulted in the synthesis of a 
protein of molecular weight 20,000 (V. Manzari et al., unpub- 
lished data). This product could account for the coding potential 
of c-sis and experiments are now being done to characterize the 
protein. 

Substantial evidence suggests involvement of cellular onc 
genes in neoplastic transformation. Increased levels of expres- 
sion of any of these genes may be the common mechanism in 
pathogenesis of different types of tumours. This hypothesis is 
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During the past 15 yr a small but remarkable collection of 
cosmological conundrums have been identified; each apparently 
independent, but probably all inter-related at a deeper level 
than existing theories have penetrated. The outstanding prob- 
lems are of explaining the observed isotropy, homogeneity, 
flatness and specific entropy of the Universe’. Good explana- 
tions for the last of these have recently emerged”? from the 
study of C, CP and baryon nonconserving interactions which 
arise in grand unified gauge theories (GUTs) of the strong and 
electroweak interactions. Recently, Guth has discussed the 
inflationary Universe as a possible natural explanation for the 
observed large-scale homogeneity and near critical density 
(‘flatness’) of the Universal expansion*, We show that one 
cannot ignore the first conundrum—the isotropy; a Universe 





with a large amount of anisotropy will not undergo the 
inflationary phase. A Universe with only moderate anistropy 
will undergo inflation and will be rapidly isotropized. Other 
consequences of the inflationary Universe are discussed. 

The three specific problems which we shall refer to are: the 
isotropy problem; the homogeneity—horizon problem, and the 
flatness problem. 

The isotropy problem is exhibited by the observed structure of 
the 2.9 K microwave background radiation’. The temperature 
distribution of this primordial radiation field is isotropic to high 
precision®, AT/T <10™* over large angular scales, 627°. All 
attempts to explain this present isotropy as a consequence of 
classical dissipative processes acting during the early stages of 
the Universe have been unsuccessful and they are opposed in 
principle by various general arguments’”. Despite being an 
unstable property of physically realistic cosmological initial 
conditions, isotropic expansion is a preperty of the observed 
Universe. It is not yet clear whether particle production at 
t~10°**s will help resolve why the present level of isotropy 
exists and when it arose because some anisotropies grow up 
again after the Planck time and some anisotropic plane wave 
universes create no particles'’*"”’, 

The homogeneity—horizon problem falls into two parts. On 
the one hand, the microwave and X-ray radiation backgrounds, 
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and the radio source counts”'’, all provide evidence for a 


striking level of large-scale spatial homogeneity on scales 
> ~1 Gpe. But on the other, we see that luminous material is 
clustered into discrete inhomogeneities of characteristic sizes. 
Statistical studies‘ of galaxy clustering indicate the existence of a 
universal clustering scale, ~10'° Mx», which divides the 
developed (non-linear) small-scale structure of galaxies and 
clusters from the smooth background. On dimensions exceeding 
the encompass of ~10'* Mo the observed structure fades away 
into increasing homogeneity on larger and larger scales. 
Explaining the origin of small-scale inhomogeneity in the form 
of galaxies whilst simultaneously explaining the smooth under- 
lying background on very large scales is the homogeneity prob- 
lem. This problem is compounded by the presence of horizons'* 
in known cosmological solutions to Einstein’s equations. In the 
Friedmann model during the radiation-dominated epoch, the 
total mass of baryons within a causally coherent region of 
volume ~(ct) at time ¢ after the ‘bang’ is only M,,~ 
(t/1s)'° Mo. This ensures that causal processes can only smooth 
out irregularities over the small scale Mj,(r) at early times. By 
the same token, the spontaneous generation of small inhomo- 
geneities during phase transitions or other non-linear events is 
limited to the scale Mult). To explain the large-scale homo- 
geneity or small-scale inhomogeneity, rather than treat them as 
initial data, it is necessary (but not sufficient) to find mechanisms 
which can remove or considerably inflate the horizon size during 
the very early (¢<10°*s) stages of the Universe. This is the 
horizon problem. 

It is still an open question whether or not the Universe 
contains sufficient material to begin recollapsing at a finite time 
in the future. One reason why this question has proved so 
difficult to resolve observationally is the ‘flatness’ problem’. The 
Universe is expanding very close to the intermediate (Einstein- 
de Sitter) model which contains the critical matter density and so 
just sufficient expansion energy to expand to infinity. To evolve 
the observed proximity to the flat (= Euclidean space sections) 
Einstein-de Sitter model, deviations from the critical density 
must have been smaller than one part in 10°” at the Planck time, 


(e 2u) < 10757 
Por lip 


This remarkable degree of fidelity constitutes the flatness prob- 
lem. Another way of phrasing it is: although the only natural 
time scale in the gravitation theory is t~ 107** s, the Universe 
has expanded for ~10°° ¢, without either recollapsing or enter- 
ing the Milne (negative) curvature-dominated phase. 

Recently, Guth* has suggested a possible resolution of the 
horizon-homogeneity and flatness problems—the so-called 
inflationary Universe. In his picture, owing to the slowness of the 
GUT phase transition at fgur ~ 107°% s the Universe undergoes 
a period of de Sitter expansion during which the (particle) 
horizon grows exponentially with time and the spatial curvature 
decreases relative to the matter density, also exponentially, 
thereby explaining two of our conundrums. 

In the Friedmann model the expansion scale factor, R(t), is 
governed byf, (h=c=k,=1); 


R? 8G k 
Ro 3 (pr+ Po “Ri 
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k , 
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where p, is the radiation energy density which equals 
g,(T) 2° T*/30, g,(T) is the total effective number of degrees of 
freedom of all relativistic species at temperature T (= Zgosons g + 
7/8 Xtermions g), po is the vacuum energy density associated with 
the cosmological constant, A = 8mGpo/3, and k ={+1, 0} is the 
space-time curvature signature’. We know today that the 
cosmological term is small, go<107°°gcm™*. However, in 
particle physics theories which undergo spontaneous symmetry 
breaking (SSB) the Lorentz invariant energy density associated 


with the vacuum changes during a phase transition and creates 
an effective cosmological constant, po~ O(T?), where T, is the 
critical temperature of the phase transition. In GUTs the sym- 
metry of the theory breaks down at a temperature O(10"* GeV) 
leaving an induced cosmological constant and’ associated 
vacuum energy density O(10"’ g cm™*)—unless one specifies an 
initial compensatory cosmological term of exactly the same 
magnitude but opposite sign. In this case, at temperatures above 
T. we have pyo~(10'* GeV)*, but below T, the cosmological 
term is zero—the initial cosmological term and the vacuum 
energy density associated with SSB precisely cancel. 

As the Universe cools below T., bubbles of the low-tempera- 
ture (broken) phase nucleate and grow, and eventually the entire 
Universe is in the broken phase. However, Guth* pointed out 
that if the nucleation rate is sufficiently small, then the Universe 
will remain in the high-temperature (symmetric) phase for a 
non-negligible period: the ‘false vacuum’ is metastable. During 
this interval the initial cosmological term, po, remains 
uncancelled and soon begins to dominate the expansion 
dynamics, po > p,. The Universe undergoes a phase of de Sitter 
expansion, R&exp(A'”? 1) with TecR™'oexp(~A'/? t) and 
‘supercools’ (the Universe remains in the symmetric vacuum 
until a temperature T,<« To). Finally, the transition is completed 
(t=, > tourand T, ~ T, exp (~A'’? 1,)« T.); the initial py term 
is cancelled and the Universe is reheated to nearly T, by the 
latent heat release. The expansion then resumes Friedmann 
behaviour. (The graceful return to a Friedmann model remains a 
difficulty*.) 

Just before the transition occurs, (T = T.), one might expect 
that because f is not too different from 4,~10°*’s, (the only 
natural time scale in the theory), the curvature term (k/R*) 
would be ~O(g,) (the flatness problem). In addition, if the 
baryons were created (or already present) at this time, then there 
would be only about one baryon per horizon volume. Guth* 
points out that if the inflationary phase lasts long enough to 
supercool by a factor ~10°° (t, ~65A71? ~ 6Steur), then when 
Friedmann behaviour recommences: (1) the curvature term will 
have been reduced relative to the radiation density by a factor 
~10°°(T,~T., while R has inflated by 10°*) so solving the 
flatness problem; and (2) the horizon has grown large enough to 
encompass the portion of the Universe accessible to us today 
210” Mo. Thus if the Universe was smooth on scales of the 
horizon at fur, the horizon problem is solved. 

The question naturally arises as to whether nucleation is slow 
enough to allow such supercooling. The probability that a given 
point remains in the unbroken phase is (ref. 4, equations 
3.14/.15) 


pi) =exp { -Í di A(t) R(t) VU, n) (2) 
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and A is the nucleation rate which, if one assumes that A (t) = Ao 
and R &exp (A t), then implies p(t) =exp (~t/7) where 7 = 
34°? /4mào. In principle Aa can be computed and Guth states* 
that because Ay = Apo exp (—B), one can easily obtain 7 = 1, > 
65A7'*: (note, A ~0(1) and B is a barrier penetration term). 

This analysis relies on the assumption of Friedmann expan- 
sion for R(t); that is, it resolves the homogeneity—horizon and 
flatness problems by ignoring the isotropy problem. The 
Friedmann model is already isotropic and homogeneous. It is 
argued’ that particle physics processes homogenize the Uni- 
verse on scales <cfguy so the Universe can be assumed ‘patch- 
wise’ homogeneous. However, the tacit assumption of some 
degree of isotropy remains. We shall show that if it is relaxed the 
inflationary phase can be prevented. 

If the very early Universe were anisotropic then a good 
description of its expansion dynamics is provided by a general- 
ized Friedmann equation’ for the (geometric) mean scale factor 
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Fig.1 The contributions to the right-hand side of equation (3) are 
shown as a function of time. a, If Pan € po at togun the inflationary 
phase will ensue and both p, and pan decrease exponentially. When 
the phase transition is complete, t= tẹ, the latent heat release 
increases p, to ~T?. b, If pan> ni! 206 at tour. the inflationary 
phase does not occur, and the Universe continues to be anisotropic. 
When the transition is complete, there is a latent heat release 
increasing p, slightly. The anisotropy is always decaying adiaba- 
tically (p,/Pan~ R”), eventually becoming negligible. 


R(t), 
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where pan = £ R ™ is the anisotropy (gravitational wave) ‘energy 
density’. Equation (3) is exact for space-times which possess 
isotropic three-curvature and an excellent approximation to 
those that do not over short-time intervals. In equation (3) the 
constant £ is arbitrarily fixed by the initial data. When 
82Gp/3<%"R~ the cosmological model is called anisotropic 
and will have an overall expansion rate, R œ 1™*, which differs 
from the isotropic radiation model, R <t'/?. We can choose a 
class of anisotropic models which have Z large enough to remain 
anisotropic until any pre-specified epoch. The isotropy problem 
can be thought of as explaining why 2 must be chosen to be 
‘small’, All anisotropic models described by equation (3) even- 
tually isotropize as p;/ Pan R?. They will only have isotropized 
by tour if Ë is specially chosen. 

If the Universe expands anisotropically at tour then we can 
solve equation (3) to obtain a description of the competition 
between anisotropy and vacuum energy (A) 


R° = sinh (3°71) (4) 


We obtain the Kasner anisotropic behaviour, R ~t, when the 
anisotropy dominates (t+>0) and de Sitter, R~exp(A’”’ t), 
when the vacuum energy dominates (1-0), 

If the anisotropy energy density pan is less than po(~9,) at four, 
then the inflationary phase will proceed (Fig. 1a). In addition pan 
will decay adiabatically as exp (-6A’/? t), rapidly degrading any 
anisotropies. However, if Pan > Po at tour, then the Universe will 
continue to be anisotropic with Ror’? and pat. If the 
transition is slow enough, then pan may fall below po and an 
inflationary phase would ensue. To address this issue consider 


p(t) given by equation (1). For R ~ t'/* we find 
p(t) = exp (~t/r) (5) 
80 
ac ITÀ (6) 


In computing 7 we have assumed spherical geometry, although 
the actual geometry is nonspherical. With Kasner geometry 7 is 
smaller by a geometric factor of 0(10). Therefore, we shall use 
T= 1/mrÀot" rather than equation (6). Unlike the inflationary 
case, where r = 3A*/*/42A, =3/4mAgtGur the nucleation time 
scale 7 decreases as ~~? so that t ~(mAo) "4. Suppose that in 
the absence of anisotropy t, = ntour, then in the presence of 
anisotropy tą = n" tour. During the time between tour and ty, 
Pan Will have decreased by a factor (t,/four)’ =n". For n ~ 65, 








(the value required to resolve the horizon problem in the 
isotropic model“), Pan has only decreased by a factor ~ 10 by te. 
That is, if pan 2 10g at four, then the anisotropy will prevent the 
occurrence of the inflationary phase (Fig. 14). The value of the 
nucleation rate Ag is very uncertain, so that n might be >65 or 
« 65; in any case, one must not separate the question of isotropy 
from the homogeneity-horizon and flatness problems. 

The inflationary Universe was motivated, at least in part, by 
the flatness and homogeneity—horizon conundrums. However, 
the isotropy problem must also be considered. The presence of a 
large amount of initial anisotropy pan(feur) = 7° polfour), will 
prevent the de Sitter phase from occurring and will decay away 
adiabatically thereafter (oc R~°). The pressure of this anisotropy 
at tour Will not prevent baryosynthesis, and in fact allows for the 
production of isothermal perturbations'® which are highly 
desirable for galaxy formation®’’; nor would this anisotropy 
interfere with nucleosynthesis or adversely affect the isotropy of 
the 2.9 K background. 

If the inflationary phase were to occur there would be some 
interesting consequences. Any relics from an earlier epoch are 
effectively erased. For example, any initial baryon or lepton 
number is deleted (hence baryosynthesis must occur after the 
inflation which is not a difficulty as the Universe is reheated to 
~T,.); any gravitons emerging from t, will have their density 
degraded relative to photons by a massive factor exp (3A ty) ~ 
10% because the latent heat release will not couple to the 
collisionless graviton sea. Recently, Starobinskii'*"” has pointed 
out that the graviton background arising from a cosmological 
model with a de Sitter expansion before /, (not arising from a 
phase transition) is potentially detectable at a frequency of 
~107 Hz. If this radiation were detected it would exclude the 
inflationary process by showing that the primordial graviton 
density is not ~10°° times smaller than the photon density. 

It also seems that, whilst solving the horizon probiem, the 
inflationary Universe may compound the part of the homo- 
geneity problem which seeks an explanation for the existence of 
small inhomogeneities and thereby galaxies. Any curvature 
fluctuations (spatial variations in k/ R’) imprinted on the 
dynamics before tour would have their effective amplitudes 
reduced by ~exp (2A'” t,)~ 10°°. A new spectrum of adiabatic 
inhomogeneities would have to be produced when the phase 
transition is completed (note, anisotropies in the spatial three 
curvature are also reduced during the de Sitter phase). In 
essence the inflationary Universe cleans the slate, and the 
Universe is reborn. Elsewhere’® we have described a way of 
generating isothermal fluctuations dering this epoch. The 
process of bubble nucleation and percolation is inhomogeneous 
and might provide a mechanism for creating new fluctuations, 
for example, bubble wall collisions might produce large-scale 
inhomogeneous shear, which in turn can give rise to isothermal 
perturbations'®. However, owing to its extremely chaotic nature 
these fluctuations might be of such large amplitude on all scales 
up to the inflated horizon size 210°" Me, that a profusion of 
black holes would result, rather than a regular Poisson spectrum. 

In the Guth hypothesis* the explanation of the flatness, and 
homogeneity, problems is tied to that of the isotropy problem. 
The web of interconnections may be far more extensive: a 
theory of quantum gravity may reveal them all to have a 
common origin’®"', An interesting inter-relationship is already 
known at the classical level. It has been shown*** that the set of 
homogeneous initial data giving rise to open isotropic universes 
asymptotically is of measure zero in initial data space but the set 
which gives rise to flat, isotropic Universes is not of measure 
zero. When the initial anisotropy of the Universe is not too large, 
the inflationary Universe can exist and explain the flatness we 
observe. This case is an interesting contrast to the result of 
Collins and Hawking: inflated universes will be flat if they are 
isotropic. 
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The International Ultraviolet Explorer (TUE) spacecraft has 
obtained observations of the galilean satellites over the past 2 
years which fortuitously span the periods of the Voyager 
encounters with the jovian system. Our IUE observing pro- 
gramme is designed to determine the UV spectral characteristics 
of the galilean satellites as a function of orbital position, large- 
scale areal variability and temporal dynamics. During the past 
year we have concentrated on the albedo variations of each 
body*”. We report here the discovery of an absorption feature at 
280 nm in Europa’s reflection spectrum. Observations with the 
TUE show that this absorption is strongest on Europa’s trailing 
hemisphere (central longitude 270°). We identify the feature as 
an SO, absorption band and hypothesize that SO, may form 
when energetic jovian magnetospheric sulphur ions are injected 
into Europa’s water-ice surface. 

Initial analysis of the Europa spectra’ showed a substantial 
near-UV (250-320 nm) albedo difference when comparing the 
leading (central longitude 90°) and trailing (central longitude 
270°) hemispheres. This effect has been reported previously on 
the basis of ground-based observations*~. In view of these 
earlier discoveries we did not consider the near-UV behaviour 
as anomalous. A more detailed examination of the low-resolu- 
tion (~1.1 nm FWHM) IUE spectra showed a pronounced 
decrease of disk-averaged albedo towards shorter wavelengths 
(3,250~2,600 A). The decrease was observed for both the lead- 
ing and trailing hemispheres. To improve the signal-to-noise 
ratio, several spectra from the same hemispheres (orbital longi- 
tudes) were summed. These pairs of summed spectra represent 
the extrema of the visible and UV albedo variations, These sets 
were then ratioed to each other. For Europa, spectra at orbital 
longitudes between 84° and 104° were used for the leading side 
and between 270° and 281° for the trailing side. For comparison, 
aset centred near 90° and 270° was selected for Ganymede (see 
Fig. 1). Noise which results from partial pixel misregistration 
and from small wavelength drifts in the extracted data from the 
IUE image tube has not been filtered or smoothed. Therefore, 


we present a “worst-possible’ case for the credibility of the 
ratioed spectra. Unlike the trailing/leading side comparison for 
Ganymede which demonstrates an additional darkening with 
decreasing wavelength on the trailing side relative to the leading 
side, the Europa ratio has a definite absorption band centred 
near 280-290 nm. Modest amplification of the Ganymede ratio 
to the noise limit of the data shows no similar band. 

The shape of the Europa absorption band appeared 
suspiciously similar to the absorption spectrum of the A ~ X UV 
band of SO, centred between 280 and 290 nm (ref. 6). This 
portion of the SO, absorption spectrum is also presented in Fig. 
1. The alignment and shape of the vapour-phase SO, absorption 
spectrum is an excellent match to the observed absorption on the 
trailing side of Europa. We suggest that on Europa this spectral 
feature is caused by a sulphur atom—oxygen atom interaction 
within the water-ice lattice, It is not caused by an SO; surface 
frost, because the frost has a very different UV spectrum that 
does not match what has been observed’, Also, unlike Io, where 
a 4.08-um absorption band assigned to SO, frost has been 
observed, no SO, IR band has been detected on Europa®*’. 
There is no evidence for a low-pressure SO, atmosphere, from 
either Voyager observations (A. L. Broadfoot, personal com- 
munication) or light curves of mutual satellite eclipses and 
occultations. If the imbedded sulphur atoms are sufficiently 
distant from each other in the ice lattice, they may acquire the 
bulk spectral character of a ‘gas’ in which the molecular inter- 
actions are small. This is the case for the present model. For the 
concentrations of sulphur detected, each deep-imbedded 
sulphur atom has between 120 and 200 A? of volume, at least an 
order of magnitude greater than the molecular volume found in 
a frost. 

The possibility for the presence of the element sulphur is 
supported by other evidence. Data from the Voyager plasma 
experiment’”'', and the low-energy charged particle (LECP) 
experiment’*, show that the galilean satellites are in an ion 
plasma composed primarily of sulphur and oxygen in which the 
co-rotating ions reach keV energies. The Voyager plasma 
experiment (J. Sullivan, personal communication) provided a 
measurement of about 7 sulphur ion cm™* for the ‘lower-energy’ 
ions at Europa’s orbit distance of 9.4 Rj. In this region their 
mean velocity is ~100-115 kms’. If we remove Europa’s 
orbital velocity of ~13.7 kms”', then the mean flux of sulphur 
ions onto Europa’s trailing side is ~7 x 10’ ion cm™?s~'. Data 
from the LECP experiment indicate that there are also higher- 
energy sulphur and oxygen ions present, with energies in the 
hundreds of keV (ref. 12). An estimate of the integrated flux of 
these S and O ions is ~10°cm™’s”’ with a mean energy of 
100 keV (ref. 13, R. Johnson, personal communication). Thus, 
we can model the sulphur ion flux at Europa with two distinct 
distributions: a 1-ke V source with a flux of ~7 x 10’ ionem? 5"! 
and a 100-keV source with a flux of ~3x 10° ion cm? s~’, 
Although laboratory data for heavy ion bombardment of water 
ice are meagre, R. Johnson and P. Haff (personal com- 
munications) have independently estimated that the low, 1-keV 
sulphur particles should penetrate the ice surface to a depth of 
~35-40A (about 10 molecular layers of water {ce in the I 
hexagonal form). The 100-keV ion penetration is more difficult 
to estimate, but a linear model for depth versus energy seems 
reasonable until laboratory data are available. The faster ions 
may penetrate to between 3,000 and 4,000 A. 

In addition to deposition, the heavy ion impacts produce 
sputtering of the surface ice and over long periods of time there 
is erosion and the possibility for removal of a significant mass of 
water ice from Europa. Sputtering in water ice is anomalous 
when compared with processes for metals; there is an unexpec- 
tedly large yield of sputtered fragments from ice’*'*. The 
referenced studies showed that the sputtering yield is dependent 
on the mass of the ion as well as its energy. Johnson et al.’* and 
Eviatar et al.‘ have modelled the erosion at Europa caused by 
sulphur and oxygen ions diffusing outwards from Io’s plasma 
torus. The erosion rates estimated are as high as 100 m of ice per 


10° yr, which corresponds to 10° A yr™. 
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Fig. 1 a, The gas-phase absorption spectrum of the A-X band of 
SO, (ref. 6). The 10% attenuation illustrated in the depth of the 
band corresponds to a column density of 1 x 1017 molecules cm”. 
b, Three separate Europa trailing side and leading side spectra 
were added before the ratio spectrum was formed. Each seperate 
trailing side spectrum shows ~3% absorption. Note that the 
brightness ratio of the two hemispheres is approximately constant 
at 2,600 and 3,200 A, Thus, ratio spectrum is not seriously dis- 
torted, c, This trailing slde/leading side ratio spectrum of Gany- 

` mede was formed the same way as the Europa ratio spectrum. The 
additional darkening of Ganymede’s trailing side is seen in the 
gradual decrease of the ratio. No absorption minimum is detectable 
within the noise limit of the data. We conclude that this indicates on 
Europa the presence of S-O bands in a water-ice matrix, originat- 
' ing from sulphur ion implantation. 


The ability to see sulphur deposition depends on the balance 
between injection/deposition and erosional loss to space or 
ballistic migration to the opposite side of Europa. The leading 
side of Europa has no detectable absorption band; the absorp- 
tion would be marginally detectable, in our present limits, at a 
factor of about 4 less than what is present on the trailing side. 
Loss to space may be significant, but no atmosphere or strong 
outgassing signature was detected by either Voyager 1 or 2. The 
lack of a positive atmospheric detection by the Voyager UV 
spectrometer makes high erosion rates unlikely. Also, high 
erosion rates would reach the 3,000-4,000 A deep sulphur ions 
within days to months of their initial injection into the ice 
surface. Within that time ~10'*-10'* new ‘deep-seated’ ions per 
cm? would have been injected into the ice, and all the low- 
energy ions lying in the upper 50 A would have been rernoved. 
Even 10'* sulphur atoms (as SO.) would not be detectable. 

The depth of the Europa absorption band can be estimated 
from the individual spectra that make up the trailing side data 
set: ~3% attenuation within a factor of 2. To produce such an 
absorption, ~2 x 10** molecules of SO, per cm? are required. 
Erosion rates of 10*-10° A yr are about 2—4 orders of magni- 
tude too large to retain sufficient sulphur atoms at a depth where 
an S-O molecular spectral band can be established and main- 
tained. In fact, not all sulphur ions will make spectroscopically 
active bonds, so the inequality could be even larger. The fate of 
the lower-energy sulphur ions nearer the surface is unknown. 
They may be lost to space through energetic sputtering, or more 
probably, they co-deposit with any water molecules and oxygen 
atoms somewhere else on Europa after following ballistic tra- 
jectories from the sputtering site. Whether these sulphur atoms 
end up as sulphur dioxide molecules buried in a deposited 
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- oxygenated water ice is also unknown. No laboratory data seem 


to be available for 2,800 A light penetration into highly irregular 
water ice in which the many optical scattering centres far exceed 
the number of SO, molecules. If this ice deposit is relatively 
opaque, any real SO, could be hidden from detection. High 
erosion rates seem to be a problem for the detection of this 
absorption band. L. J. Lanzerotti has indicated that laboratory 
experimental studies seem to indicate that energetic particle 
bombardment of amorphous ice causes a conversion to a crys- 
talline structure. We have assumed that the UV penetration into 
the surface ice is one or two wavelengths deep (3,000-5,000 A) 
because of the optical scattering centres and lattice defects. For 
an amorphous ice, this assumption should be adequate. Regular 
crystalline ice may permit UV penetration to 10,000 Aor more 
based on the fact that liquid water is quite transparent to 
2,800 A light. If the surface were crystalline ice, we would be 
secing absorptions caused by the deepest implantations, and 


‘would bias our sulphur-ion.source to a higher-energy dis- 


tribution. ' - 

The lower rates of Johnson et al,” and the revised retes of 
Eviatar ef al.'® seem more promising. At 10’ A yr™’, it would 
take 3-4 yr to reach the deeper-lying sulphur atoms in the 
damaged water-ice lattice. The equilibrium implanted sulphur 
concentration would be of the order of 3-4 x 10"* cm™, or only a 
factor of 5 less than what was detected. Johnson etal.” state that 
the rate could be as high as 100 m per 10° yr. If it were closer to 
20 m, then an approximate equilibrium between deposition and 


- erosion is possible. Even in this case, the fate of the low-energy, 


1-keV sulphur ions that are stopped in the upper 40 A is unclear. 
About 5 x 10" sulphur ions cm * should be an equilibrium value 
with an erosion rate of 20 m per 10° yr (0.2 yr to deplete), and 
this number is about 10 times smaller than the current limit of 
TUE detectivity. These sulphur atoms could be buried in water- 
ice fragments that strongly scatter UV light and thus, not be 
detectable by UV absorption techniques. 

We conclude that the IUE has detected an absorption band on 
the trailing side of Europa that resembles SO, and seems to 
result from S—O bond formation between deeply implanted 
sulphur atoms and the adjacent, damaged water-ice lattice. The 
sulphur detected seems to come from the energetic (hundreds of 
keV) sulphur ions that are present in the jovian magnetosphere. 
Given the current state of knowledge about the physical pro- 
cesses involved in heavy ion bombardment in water ice, we 
cannot be precise about the fate of much of the sulphur which 
undergoes sputtering along with the dominant water-ice frag- 
ments. An appropriate equilibrium ccndition can be found to 
match the observed spectral data if sputtering erosion occurs at 
no greater than 20 or so metres per 10° yr. 

We thank the IUE observatory staff for support during the 
acquisition of these data. A.L.L. thanks R. Johnson, P. Haff, A. 
Eviatar and T. Johnson for helpful discussions, and L. J. Lan- 
zerotti for a helpful review. This work represents one phase of 
research performed at the Jet Propulsian Laboratory, California 
Institute of Technology under NASA contract 7-100. 
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Vapour deposition 
polymerization of butadiyne 
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In seeking preparative routes to highly conjugated polymeric 
systems, we have found that butadiyne, C,H, the simplest 
diacetylene, may be polymerized from the vapour state by 
selective deposition onto an organic substrate polymer surface, 
such as polyethylene or Tefion. This polymerization is sensitive 
to the nature of the substrate surface, occurring most rapidly on 
a hydrocarbon surface. The polymer is characterized by IR 
spectroscopy as having a polyconjugated main chain with 
pendant acetylenic functional groups. ESR spectroscopy shows 
the polymer to be highly paramagnetic which is interpreted as 
indicating the presence of a large number of defects within the 
conjugated polymer. Structurally, this butadiyne polymer 
appears to be more closely related to substituted diacetylene 
polymers prepared by melt polymerization as opposed to those 
prepared by solid state polymerization. 

In the solid state, mechanistic investigations with single crystal 
diacetylene polymerizations have elucidated monomer molecu- 
lar and crystal structure requirements as well as a 1,4 polymer 
repeat unit structure’?: 


R 
| 
a ak a a (1) 
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In the melt** or in solution®*®, the polymerization is more 
complex, and polymer structures are less extensively charac- 
terized with combination of structures having been proposed*": 


R-C=C—-C=C—R 
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The presence of the pendant group obscures much charac- 
terization information with regard to the polymer chain struc- 
ture. The butadiyne (R=H) polymer, in addition to being 
conveniently prepared and handled as a vapour-deposited film, 
presents a unique opportunity for characterizing the chain 
structure. 

Depending on the nature and composition of the substrate 
surface, these polymerizations may be conducted by thermal 
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initiation at temperatures ranging from 25 to 100°C. Poly- 
merization occurs most rapidly on a hydrocarbon surface but 
fluorocarbon surfaces can also be coated at reasonable rates. For 
example, in an atmosphere of 700 mm C,H, at 25°C, poly- 
ethylene film 3.7 thousandths of an inch thick, will increase its 
weight by 20% from polymer deposited over a 6-h period while 
a Teflon film 2.1 thousandths thick, subjected to a similar 
exposure for 36 h, increased its weight by 10%. Other surfaces 
such as quartz, glass, sodium chloride or aluminium oxide are 
highly inert showing only trace or no polymerization at all after a 
month’s exposure to the same conditions. However, at 100°C it 
is possible to deposit films on their surfaces. It is interesting that 
a simple hydrocarbon monomer should selectively polymerize 
on hydrocarbon or fluorocarbon surfaces. The polymer con- 
forms well to the substrate surface, and, in the case of organic 
substrates, examination of a cut cross-section of the sample, 
shows some penetration of the substrate film by 
the polybutadiyne does occur. It is also noteworthy that the 
deposited polymer like the C,H. monomer is a hydrocarbon, 
and, as might be anticipated, an accelerating polymerization rate 
is observed with a substrate such as Teflon. As might also be 
expected, the monomer will polymerize rapidly in the bulk 
liquid state. At high degrees of conversion this bulk liquid 
polymer has a brass-like metallic lustre similar to some substi- 
tuted diacetylene single crystal polymers. 

Characterization is made difficult by total insolubility in all 
organic solvents as well as concentrated sulphuric acid and 10% 
hydroxide. Consequently, it is necessary to use solid-state tech- 
niques. 

In this polymerization system the growth of a very intense 
singlet ESR signal accompanies the polymerization of the liquid 
or gaseous monomer. The signal has 4 free electron g-value, a 
linewidth of 10 G and a lorentzian line shape. Similar ESR 
spectra have been reported for solid state*"°, melt** and solu- 
tion®’ polymerized substituted diacetylenes. However, the spin 
density of the melt polymerized diacetylene is significantly 
greater than that observed for solid state (10'° spin/g compared 
with 10'° spin/g). A free electron ESR singlet is frequently 
observed in polyene systems and in usually ascribed to a defect 
in the conjugated polymer chain’’. The higher spin density may 
be correlated with a larger number of defects. Vapour deposited 
polybutadiyne has a spin density of 8 x 10"° spin/g. 

IR spectroscopy yields the most structural information. The 
collection of bands at 3,315, 2,090 and 640 cm™' (Fig. 1) 
indicate the presence of a high concentration of pendant 
terminal acetylenic functional groups. The broad bands at 
1,600, 1,210 and 885 cm™' suggest that the polymer chain is 
unsaturated and polydisperse. In the context of this poly- 
merization, the band at 885 cm™' could be correlated with a 
central acene structure or, alternately, with the C—H vibrations 
of a 1,3,5-trisubstituted benzene structure’, In describing the 
melt polymerized diphenyldiacetylene and dimethyldiacetylene 
systems, the former correlation in addition to other data has 
been used to propose a block polyene—polyacene copolymer 
structure composed of the products in equation (2). In the 
present case of unsubstituted butadiyne with direct detection of 
a high density of terminal acetylenic functional groups, a substi- 
tuted polyphenyl is being considered as well. 
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The observation that the polybutadiyne penetrates into the 
substrate film suggests that absorbed monomer may diffuse 
through the surface before polymerizing. Polymer formation 
might be envisioned as involving formation of a substituted 
linear polyene structure followed by a partial intramolecular 
cyclization yielding structures represented in equation (2) or 
involving a trimerization of terminal acetylenic groups of two 
monomers and of a growing polymer molecule to produce a 
polymer with phenyl linkages in the main chain and pendent 
unreacted terminal acetylenic groups. The intense ESR signal 
suggests many defects exist in such a conjugated system. The 
kinetics, structure and properties of this deposition polymeric 
system are currently under study and will be reported elsewhere. 

I thank the City University of New York, College of Staten 
Island for use of their ESR facility, and Professor N.-L. Yang for 
helpful discussions. 
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Minute concentrations of unfamiliar particles (X* or X`) with 
atomic weights M between 10° and 10° (10"' and 10°% eV) may 
be remnants’ ~ of the Big Bang or may originate in recent events 
(their expected properties are discussed elsewhere"). The 
adduct of X` with a Z-nucleus acts as a superheavy isotope of 
(Z —1). It is shown here that although their geochemical 
separation would be less obvious than that of fractionally char- 
ged species containing unsaturated quarks®” it should still be 
possible to concentrate these exotic isotopes. Exceptional cases 
are the neutral adducts pX and *DX, which may form tiny 
molecules with a second proton, or a polymer with a density 
Mx10" gcm™ which could act as a low-temperature fusion 
catalyst and explain the excess heat irradiated by Jupiter. 
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The fusion of four protons to *He in most stars (including our 
Sun with a central temperature close to E5 x 10° K) does not go" 
mainly via the C-N-O catalysis proposed by Bethe, but rather 
takes place along a more direct path starting with two protons 
forming a deuteron, a positron and a neutrino”. Zweig'® poin- 
ted out that unusual quarks with charge (~4e/3) could bring 
together two deuterons, providing a one-stage fusion catalysis, if 
the quark has a much longer lifetime than the negative muon 
known! to promote fusion in liquid hydrogen. If the stellar 
interior contains a small concentration of X` which does not 
become inactivated by trapping on unreactive nuclei, the neutral 
pX starts by capturing a second protoa to form a ‘molecule’ 
pXp* having a wave function analogous to the hydride anion 
containing two electrons with a binding energy 1,836 times the 
electron affinity 0.75 eV of the hydrogen atom, not much above 
the prevailing kT. However, its ephemerial (but repeated) exis- 
tence may help the otherwise low rate ef forming “DX and the 
two leptons. Although Coulomb barriers could be entirely 
avoided by subsequent reactions (pX + *He) or CDX + *D) with 
increasing cross-sections at lower temperature due to longer 
DeBroglie wavelengths, the major problem in stellar interiors is 
the trapping of X` on helium, carbom and so on. The non- 
relativistic Schrödinger energy for the ground state of a system 
consisting of X` and a nucleus with atomic weight A and charge 
Ze (where 1,823 is the reciprocal atomie weight of the electron) 
is 


~AZ? + 1,823: 13.6eV G) 


almost independent of the atomic weight Mof X” (if M » A the 
nucleus becomes the ‘easily mobile’ particle). For pX, equation 
(1) gives the binding energy as 25 keV, about 20 times kT at the 
solar centre, whereas "HeX would have 300 keV and CX 
10.8 MeV, although the spatial extension® of X” and °C would 
decrease the latter value®. Exotic lithium may contain’ not only 
*BeX but also *BeX (where the X” prevents the almost instan- 
taneous fission in two @-particles) removing the bottleneck® of 
nucleosynthesis. 

Jupiter has an unaccounted heat production’? slightly above 
104 ergs’, which is of the same order of magnitude as the 
insolation (with an albedo 0.42). As ‘the mass of Jupiter is 
1.9 x 10% g, this corresponds to an average energy production of 
6x107 erg g` s™ in comparison with 1.87 erg g's” ' for solar 
material. The temperature (128 K) doubles’? when lookin 
down in the atmosphere through the ‘window’ at 2,000 cm” 
where the IR lines are weak. If this excess heat production had 
continued at the present rate for 3 x 10” yr, then 10° of the 
Jupiter mass would have had to be transmuted from hydrogen to 
helium. A simpler alternative would be that the excess heat was 
due to the gravitational energy released by radial contraction. 
Indeed, the same amount of heat could be evolved by the radius 
decreasing ~400 km or 1%. But altheugh such a contraction 
may seem insignificant, this slow re-adaptation of the radius 
causes several problems, one being thatif there was a time when 
the temperature was double its present value, the radiative 
cooling would have been 16 times more rapid. 

Although the rotational ground state of pX does not have an 
electric dipole moment (if X is a fermion, the hyperfine splitting 
between I = 0 and 1 may be several eV? it is important to know 
whether pX (having the average distance 3 bohr/2 x 1,836 = 
4.3 x 107° cm) dimerizes, or polymerizes at room temperature 
to a highly compact liquid. The electrostatic dimerization energy 
of pX is ~10~15 keV. If droplets of such an exotic liquid exist 
(with a density close to M times 10° g em™*) they would form a 
general catalyst for nuclear reactions, and because of M » 1, 
they lose X` by evaporation much less readily than protons. 
Such a material would be rather similar to a metal which has had 
its conduction electrons replaced by protons. 

At first, one would expect irreversible trapping of X` in CHa, 
NH,, and so on to create a worse problem in Jupiter than in the 
Sun, but the core of Jupiter is under such strong pressure that it 
may contain huge volumes of metallic aydrogen fairly separate 
from gaseous helium, and from the heavier elements, which may 
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not be soluble in metallic hydrogen. On the other hand, pX is 
expected to be soluble, and even effectively extracted. No fusion 
process is observed in hydrogen bubble chambers but all ter- 
restrial hydrogen may have been stripped of X” in early stages of 
the formation of Earth. An experiment at the Rutherford 
laboratory'* has put extremely low limits (10°?°-10-°° X per 
proton if M is between 20 and 1,400). Direct mass spectrometric 
higher limits are close to 107”. Unfortunately, no comparable 
data have been presented for M between 10° and 10°. 

The relative concentration of exotic isotopes of a given ele- 
ment Z would be expected to be proportional to the ratio 
between the abundances of (Z+1) and of Z. Exotic boron, 
scandium, manganese and thallium would be good candidates 
from this point of view“. As boron isotopes '°B and “B can be 
separated on a commercial scale it might be useful to attempt to 
detect CX in the extreme fractions, although most boric acid 
has already been evaporated once from volcanoes. On the other 
hand, isotopes with A even as high as 10° should not be strongly 
fractionated in amorphous or crystalline solids by terrestrial 
gravitation, again except for polymeric pX. The latter should 
behave in a similar manner to that predicted’ for high-M 
magnetic monopoles concentrating at the centre of the Earth. 
As technetium and promethium possess only -unstable iso- 
topes, it might be useful to look for them in minerals as adducts 
of X` and ruthenium or samarium. In concentrated uranium 
minerals, spontaneous and neutron-induced fission maintain'® 
concentrations of 107" promethium and 107" (of the longer 
lived) technetium. The search has only'®™ been for the specific 
isotope '*’Pm but it would be interesting to know whether it is 
accompanied by comparable amounts of SmX. 

Cahn and Glashow’ point out that the presence of X` 
decreases the energy of a-decay to the extent that ***PuX and 
**7CmX may be long-lived on a geochemical time scale. Such 
exotic isotopes would show up as the (ultramicroscopic amount) 
neptunium and (as yet unreported) americium in minerals. 
These authors do not contemplate the capture of X” by the 
heavy nuclei, which would be likely to induce fission, but 
consider the buildup of °BeX (not representing a barrier to 
nucleosynthesis” like the instantaneous decay of "Be) by adding 
many consecutive “He. Such a process may have occurred 
shortly after the Big Bang and give products normally only 
obtained® in supernova explosions. One of the attractive candi- 
dates would be exotic actinium ***ThX. Because of radioactive 
equilibria, there are 10~"* actinium, 107’? protactinium (slightly 
below the concentration of **°Ra) to be compared with 12 p.p.m. 
of thorium, 16 p.p.m. of lead and 4 p.p.m. of uranium in the 
Earth’s crust. If actinium is separated from a thorium mineral 
containing <0.3% uranium, the amount should be <107"” of the 
thorium. If a percentage of such a sample were **?ThX rather 
than *’’Ac, it would establish a concentration of 107'* X” per 
nucleus or 5 x 107 X~ per nucleon. The same argument would 
apply to a rare-earth mineral (containing <0.3% uranium) 
where exotic actinium may be more likely to be situated by the 
geochemical fractionation. These limits are far lower than the 
10°'° first suggested’ and not much higher than the ratio 
between unsaturated quarks and nucleons, which is likely®'* to 
have an order of magnitude of 107*° (6,000 per g) if the existence 
of such species is not excluded by dogmatic quark confinement. 
It is possible that the very high atomic weights of exotic isotopes 
are concentrated on definite spots in large-scale mass spec- 
trometers (like Oak Ridge calutrons) but there has been little 
effort to find them. A tandem accelerator’? was recently used to 
detect oxygen isotopes with (not necessarily integral) atomic 
weights between 20 and 54, and upper limits for abundances 
1071-1078 were found. However, the exotic FX discussed 
here would be heavier, and not particularly abundant®. A few 
atoms of "UX may be detected by irradiating a photographic 
plate (or transparent plastic), having been exposed to the ultra- 
high M-region of the mass spectrum of protactinium, with slow 
neutrons at high flux inducing fission. In such an experiment, the 
beam of Pa” should be as free of neutral atoms (and molecules) 
as possible. The asymmetry of the short and intense track of the 


fragment carrying X” and the long track of the other, much more 
rapid, fragment should be conspicuous. 

If positive X* can be bound to nuclei (as predicted’ for 
positive quarks) by short-range interactions compensating for 
the electrostatic repulsion, separation of lithium would become 
of major interest as it would contain the adduct of “He with ee 
and the exceedingly low concentrations of polonium and of 
neptunium in minerals might contain the adducts of 7°°Bi and 
2U with X*. 

The two most promising concentration techniques seem to be 
ultracentrifugation and fractional distillation of liquid air. In 
aqueous, quite concentrated solutions, ultracentrifugation is an 
excellent way of separating proteins or synthetic polymer mole- 
cules according to molecular weight. Supposing kilogramme 
quantities of dissolved lithium chloride were suspected of 
containing traces of *BeX or °BeX, then by adding a separation 
buffer, such as gramme quantities of caesium chloride, any 
exotic lithium would show up in the almost vanishing, heavier 
fraction. On the other hand, if caesium nitrate is suspected of 
containing adducts of X` with barium, N(C,H»)iNO3 or thal- 
lium nitrate may be used as separating agents. 

The technology of separating the constituents of atmospheric 
air is highly developed. The boiling points of "He and “He are 
sufficiently different that °LiX may boil at a higher temperature 
than neon. There is an enormous gap between the boiling point 
27 K of the (18 p.p.m. of volume) neon and 77 K of the major 
constituent N, without any known, or conceivable, minor 
constituent. Exotic neon **NaX would be situated in this gap. 
There is much less neon in our atmosphere than extrapolated 
from the cosmic abundance® and a preliminary concentration by 
a factor of several thousand is obtained by the Earth having a 
gravitational field strong enough to retain exotic (but not con- 
ventional) neon over 10° yr. 

Holt et al. wanted to investigate a possible superdense 
modification of nuclear matter by looking for the noble gas 
radon (of which the longest living isotope known ?**Rn has the 
half-life 3.8 days) in xenon fractions from liquid air. Their 
negative result (with the higher limit 10°'® atom per xenon 
atom) is relevant to our problem. Because francium is even less 
abundant than radon, the search was really for exotic xenon 
formed by '**CsX, and caesium has a rather low cosmic abun- 
dance. Gaseous diffusion or centrifugation of krypton, which 
contains’ 0.01% CF,, or collecting the almost absent fractions 
between krypton and xenon might enrich exotic krypton formed 
from the more abundant rubidium. 

As pointed out by Fairbank‘, exotic isotopes might be detec- 
ted in dilute gaseous systems by the laser techniques 
developed”? for detecting single atoms. An especially clear case 
is the atomic spectrum of lithium, where the 2p > 2s transition in 
the red has 0.2 cm™! lower wavenumbers in °Li than in Li. If this 
isotope shift is exclusively an effect of the electron moving the 
centre of gravity, it is 42 times smaller than the shift expected for 
any heavy isotope and the line positions then hardly depend on 
the explicit M value. Also exotic rubidium and caesium atoms 
should be quite good candidates for accurate monochromatic 
laser excitation but here the isotope shift is not due to a modified 
Rydberg constant. For our purposes, it is important that single 
xenon atoms” have been detected. 

I thank Professor Sheldon L. Glashow, for suggestions and 
fruitful discussions. I also thank him and Dr Robert N. Cahn for 
the important preprint (ref. 5), and Professor Renata Reisfeld 
for valuable discussions over indefinite continual stratification in 
matter. 
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Americium-241 is a long-lived a-emitting nuclide which has 
become one of the more important marine contaminants arising 
from the discharge of effluents to the Irish Sea from the nuclear 
fuel reprocessing plant at Windscale, Cumbria’. These dis- 
charges contain ‘Am, currently ~ 200 Ci yr™, and also the 
B-emitting nuclide, “'Pu (half life 14.7 yr), which decays in the 
environment to “Am. Both americium and plutonium seem to 
be largely retained in sediments relatively close to Windscale*”’, 
and a reservoir of *** Am is building up both from direct deposi- 
tion and from the radioactive decay of sedimented *“*Pu. Here 
we attempt to estimate quantitatively the size and rate of growth 
of this reservoir. Using data for Windscale discharges’ *, we 
have estimated the probable sedimentary deposition of 241 Am 
and *'Pu over the past 20 yr, and calculated the consequent 
additional ingrowth of “'Am. The latter is now ~ 600 Ci yr™’, 
rising towards a steady state ~ 1,300 Ci yr™ if present rates of 
discharge of °“ Pu are maintained. The present sedimentary 
reservoir of 74*Am is ~18,000 Ci, of which about 4,800 have 
resulted from “Pu decay in situ. Measurement of the **Pu/Pu- 
a isotope ratio in coastal sediments confirms our estimates of 
241py deposition. Outside the Irish Sea, in the dispersal plume 
into Scottish waters, we have concluded that the observed “Am 
concentration® can be accounted for largely by ingrowth from 
the "Pu transported in the water mass. 

It has been established**, by measurement of the activities of 
the a emitters Pu and 7°°***°Pu, in Irish Sea sediments, that 
>95% of the plutonium released from Windscale during the 
past 20-25 yr has collected relatively close to the point of 
discharge. In many locations, these sediments have remained 
largely undisturbed and the sedimentary record with respect to 
several isotopes, such as plutonium*””, caesium and other 
nuclides’? can be related satisfactorily to the history of the 
Windscale discharges. Although levels of **'Pu in sediments 
have not been measured systematically, the accumulation and 
subsequent decay of °“ Pu to **’Am can readily be calculated if 
the quantities of **'Pu initially deposited can be estimated. 

It also seems likely that the marine discharges of 7*"Am from 
Windscale will have largely accumulated in sediments in the 
region, although this possibility has not yet been established 
from measurement of activity levels in cores. The relative 
adsorption of ”* Am by suspended particulates in seawater in 
the Windscale area has been found®” to be greater than for 
239Pu, and the settling out of such material would, therefore, be 
expected to remove americium more rapidly than plutonium. 
Consequently, almost the entire inventory of **'Am, both dis- 
charged and ingrown, for the 20-25 yr of plant operation will 
probably be present in the sediments of the region. Inter- 
pretation of the sedimentary record for "^Am can only be 
achieved if due allowance is made for *“'Pu deposition and 
decay. 








Table 1 Marine discharges from Windscale and eavironmental accumulation of 
241Py and consequent productioa of “*'Am 








Production 

Accumulated of Am 

Windscale discharges (Ci yr’) = Pu (Ci) (Ci yh 

Year 
Pu-a Bat Pu 24h Am 

1960 78 2,255 _ 2,203 2 
1961 104 3,012 me 5,044 6 
1962 186 5,413 — 10,099 12 
1963 233 6,780 ~ 16,257 24 
1964 285 8,294 ~ 23,610 32 
1965 292 8,497 — 30,823 4g 
1966 292 8,497 = 37,704 55 
1967 499 14,521 a $0,152 K 
1968 828 24,095 576 71,379 97 
1969 816 23,920 396 91,458 130 
1970 936 27,092 540 113,711 164 
1971 1,128 32,970 1,020 140,680 204 
1972 1,548 45,163 2,172 178,319 258 
1973 1,776 51,944 2,952 220,847 320 
1974 1,248 36,491 3,192 246,322 374 
1975 1,257 36,579 1,052 270,708 414 
1976 1,266 35,048 323 292,477 451 
1977 981 26,517 99 304,909 478 
1978 1,567 47,928 214 337,684 $14 
1979 1,335 40,383 212 361,579 560 
1980 — — = 381,527 595 
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Pu-w includes 228*239*?4"py (refs 1, 2, 4). 77 Am data are not available before 
1968, although discharges presumably occurred. “*'Pu data were not published 
before 1976; we have estimated these releases (shown in italics} from the Pu-c 
activities, using the mean *“"Pu/Pu-a isotope ratio (29.1) between 1976 and 1979, 
The environmental accumulation of **"Pu, and consequent production of P Am, 
resulting from the Windscale discharges and corrected for radioactive decay were 
calculated by numerical approximation, using equations (1) and (2) and computed 
on a daily basis (assuming 1/365 of the annual discharge for each day). For 
calculation, the annual discharge of **'Pu subsequent to 1979 has been taken as 
37,469 Ci yr™, the average for the years 1976-79 


The potential radiological importance of **'Am, which 
reaches human consumption largely through fish and shellfish, 
became particularly apparent’ in about 1975~76, following 
several years of relatively large discharges of “’Am from 
Windscale (Table 1). The relative contributions of discharged 
and ingrown ***Am to the environmental pool available to 
marine organisms has been examined'’, and the potential 
radiological significance of sediment held *“'Am is thought to be 
small'!!?, However, the conditions in which americium could be 
remobilized from sediments have not yet been fully investigated. 

The ingrowth of **'Am in sediments has been calculated from 
the estimated discharges of **'Pu (Table 1), assuming total 
deposition of discharged plutonium. Piutonium-241 decays as 
follows: 

B 


241 241 «237 E 
Pu—— Am —> “Np z> 
14.7yr 433yr oe LO yr 





The quantities of 4'Am formed and “Pu remaining, following 
the decay of a given initial quantity of *’Pu, are given by 


equations (1) and (2): 
Tpu = ERR ex (-2*) 
n-th Ta) OP 


/ 








Am], = [Puh 





tin 2) Q) 


241 aa [241 

PH Pul = [4 Puh exp ( - Fo, 
where Tp, and Tam are the radioactive half lives of ***Pa and 
241 Am, respectively. 

The sedimentary accumulation of ™'Pu by the end of each 
year, and the corresponding annual ingrowth of **’Am, is given 
in Table 1. The rate of generation of “'Am has increased 
steadily, and by 1980 had reached a ‘evel ~ 600 Ci yr”'. The 
continued discharge of *’Pu at a constant annual rate would 
eventually give rise to a steady-state condition in the sediments 
in which the rates.of deposition, and less by radioactive decay, 
would have become equal. The steady state would be 
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Fig. 1 Input of **'Am to the environment. a, Direct discharge from 
Windscale; b, calculated production from radioactive decay of accumulated 
%1 Pu in the environment from Windscale discharges. 


approached exponentially (Fig. 1), with a half time of approach 
equal to the decay half life of 2 Pu, Assuming that discharges of 
**"Pu remain at about their present levels, the ingrowth of ““'Am 
will level off at about ~ 1,300 Ci yr™*. It is, of course, unlikely 
that discharges from Windscale will stay constant for this period 
in the future. However, the relative importance of the present 
rates of discharge of **'Pu and ™*' Am to future levels of 2*1Am in 
the sedimentary environment is clear. 

The sedimentary reservoir of **‘Am in the Irish Sea can be 
estimated if it is assumed (as seems likely) that effectively all the 
available americium, whether discharged from Windscale or 
ingrown, has been retained in the sediments. For the period 
1960-80 we estimate that ~4,800 Ci of “Am will have ingrown 
from **'Pu, whilst ~13,000 Ci has originated from direct 
deposition (this does not include any **‘Am discharged before 


1968, for which we have no data, but it seems likely that the total- 


released up to 1968 would have been relatively small, perhaps 
~1,000 Ci). Correction for decay over this time period is 
insignificant, and the total reservoir is therefore ~18,000 Ci. 

To test these conclusions, we have measured the overall 
**'Py/Pu-a isotope ratio in sediments taken from the Raven- 
glass Estuary, adjacent to Windscale. Two cores, taken in 1978 
to a depth sufficient to include the deposition for at least 20 yr, 
were homogenized and sub-samples analysed radiochemically. 
Plutonium was separated from the material by procedures’? 
which exclude americium, and the activities of 7>*Pu, Pu and 
**! Am determined by a spectrometry, both initially ?“'Am =0) 
and after about 14 months (Table 2). The measurement of 
ingrown **'Am allowed the activity of the 7*'Pu present in the 
original sample to be calculated’, 

The **'Pu/Pu-« activity ratio (23.1) determined in these 
sediments is very close to that calculated (22.0) by summing the 
Pu-a and **’Pu discharges (corrected for decay) up to the end of 
1978. This value is significantly different from the current ratio 
at discharge, for which **’Pu/Pu-o = 29.1 (average, 1976-79). 
The close agreement between the measured and calculated 
values we take to confirm both that continuous accumulation of 
plutonium in sediments has occurred over that time, and also 
that our estimates of ***Pu discharges for the years 1960-75 
(Table 1) are essentially correct.- 


As an extension of these calculations, we have re-examined 
the data obtained by Murray et al." for the activities of 7*'Am, 
*8Pu and 7*°*?4°Py in Scottish coastal waters. It has been 
established'*”’, largely from '**Cs and °7Cs measurements, that 
the main dispersal plume of radioactivity from the Irish Sea 
emerges northwards, passes along the west and north coasts of 
Scotland, and in part reaches the North Sea. The approximate 
average transit times for nuclides (1) to emerge from the North 
Channel of the Irish Sea’®, and (2) to reach the sea area off the 
north-west corner of Scotland’ (Cape Wrath), following dis- 
charges from Windscale, are estimated at ~1.5 and 2 yr, 
respectively. The activity ratio, °*'Am/Pu-a, decreases from 
~1.7 at discharge to ~0.06 in waters to the west and north of 
Scotland, as observed by Murray et al.* who concluded that the 
%4 Am and Pu-a are both of direct Windscale origin, the ameri- 
cium having been more rapidly removed from the water column. 
However, although qualitative reference was made?” to the 
possible contribution of ° Am ingrown from 7“'Pu, this was not 
estimated quantitatively. 

We now suggest that these data, at least for the more northerly 
Scottish waters, can be interpreted on the hypothesis that the 
**1 Am arises almost entirely by ingrowth from *4'Pu during 
transport of the water mass. For the sea area to the north-west of 
Cape Wrath, the mean activities of 7*1Am and 228+239+24¢py 
(Pu-a) from Murray et al." were 0.097 and 1.60 fCil™', respec- 
tively. The inferred **'Pu activity, ~44fCil™', would be 
sufficient to generate the observed **'Am concentration over a 
period of ~1.4 yr. This is somewhat longer than the estimated 
transit time from the North Channel of the Irish Sea, but 
significantly less than the transit time from Windscale. If we 
assume that the **’Am concentration results from an approxi- 
mate steady-state condition, between rate of loss from the water 
mass (for example, by sedimentation) and rate of replacement 
by ingrowth, then the replacement time previously calculated 
(~1.4 yr) can be identified as the approximate mean residence 
time" for ***Am in these waters. The probable existence of such 
a steady state is supported by the approximately constant value 
(between 0.05 and 0.08) for the **'Am/Pu-a activity ratio round 
the Scottish coastline from the Minch to the North Sea’. 

Although these conclusions are based primarily on the decay 
characteristics and observed activities in seawater of the 
plutonium and americium nuclides, the conclusions are not 
inconsistent with other facets of the marine behaviour of these 
elements, and may even help to remove an apparent anomaly. 
Thus, whilst most of the Windscale-discharged plutonium and 
americium seems to be rapidly removed to sediments, the 
remainder seems to be relatively well conserved in seawater, and 
to follow "Cs in the dispersal plume. For plutonium, the 
probable explanation is that the sedimented and conserved 
fractions correspond to the element in the two different 
(environmentally stable) oxidation states, Pu(iv) and Pu(v1), 
respectively’?°. For americium, the only plausible oxidation 
state in solution is Am(111), which is firmly and rapidly retained 
by sedimentary material within the Irish Sea”, Thus, the 

° 





Table 2 Activities of ?*Pu, 7°°Pu and ingrown **'Am from sediment cores 
collected near Windscale at the end of 1978 





Source activities 


Nuclide (pCi) 
Sample 1 Sample 2 
28Py 25,3 26.7 
239 Dy 102.2 107.7 
Am 5.46 5,73 
2 Pu 2,953 3,099 
Ratio ™*'Pu/Pu-a 23.2 23.1 





Activities were determined by a spectrometry 434 days after the preparation of 
two sources from sediment cores collected from Ravenglass Estuary. The cores 
(~50 cm) correspond to a sedimentary deposition covering at least 20 yr, deter- 
mined (J.E.C., unpublished) from the '*Cs/°’Cs and 7*Pu/**Pu isotope 
ratios**'°. The **'Pu activities were calculated’? from ingrown *4'Am. The 
measured activity ratio, ***Pu/Pu-a = 23.1, is very similar to that calculated by 
summation of the discharges up to 1978 (Table 1) that is *'Pu/Pu-o = 22.04. 
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apparent maintenance of a rather constant Am/Pu ratio in 
Scottish waters is difficult to explain in chemical terms, as at first 
sight the phenomenon seems to imply a conserved fraction for 
americium, as well as for plutonium, in this water. However, we 
think a possible explanation, in terms of ingrowth from **Pu 
coupled with a rather short residence time for ““' Am in the water 
phase, is more plausible and is compatible both with the avail- 
able environmental data and with the present understanding of 
the marine chemistry of americium. 
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Compositional mixing trends in eruptive mid-ocean ridge basalt 
(MORB) seem to be confined to short time-space intervals, 
possibly corresponding to single fracture-zone-bounded seg- 
ments of a spreading ridge axis. Binary mixing is discernible 
from the variation in Ta, Hf, Rb, Sr and rare earth elements 
(REEs), and may be interpreted as reflecting dual mantle 
sources for locally-defined units of the axis or associated trans- 
form fracture zones. These sources reflect contrasting degrees 
and types of incompatible (or ‘low-Kp’) element enrichment 
relative to a ‘normal’ MORB source characterized by uniform 
depletion in these elements. Enrichment in low-Kp elements, 
radiogenic isotopes and normative nepheline has long been 
recognized in some fracture zone magmas’ ~ and it is important 
to speculate on the possible influence of fracture zones on the 
chemical character of spreading axes. Consideration of chemical 
and isotopic variation at a single Atlantic spreading segment 
(36-37 °N) in a regional context suggests that transform frac- 
ture zones may be instrumental in both generating composi- 
tional heterogeneity in the mantle and permitting its expression 
in eruptive crust. It is proposed here that hybridization of ‘en- 
riched’ fracture zone-derived melt and less-enriched or depleted 
rift-derived melt occurs in sub-axial magma supply systems 
during an active spreading phase. 
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Between the Azores Plateau (40°N) and ~30°N the Mid- 
Atlantic Ridge (MAR) is ‘transitional’ imtype and characterized 
by short offset spreading segments forming a SSW -trending 
zone of accretion. FAMOUS and AMAR studies of the axial 
region at 36~37°N (refs 5-7) documented geophysical and 
petrological properties of such segments (Rift Valleys (RV) 2 
and 3) and DSDP Leg 37° studied their stratigraphic expression 
at four sites (332-335) perpendicular to the ridge axis. The sites 
represent a spreading flow line between 3.4 and 13 Myr BP. 
Most DSDP/IPOD basement sites reflect negligible source- 
related chemical differences between stratigraphically con- 
tiguous lava series’. In contrast, the source-related chemical 
diversity at Site 332 and RV-2 (refs 10-12) is apparently 
characteristic of transitional ridge axes™*, and precludes com- 
mon derivation for these series through processes of fractional 
crystallization in small reservoir systems'°"'*. 

While some interpretations of 36-37°N have failed to 
emphasize the transitional character of the ridge axis, Schilling et 
al. explained REE variation in this region in the context of 
spatial and temporal trends, postulating influx of an Azores 
plume or mantle ‘blob’'*. However, the case for binary mixing of 
sources on the scale required by this model, at least in simple 
form, is not supported by regional isotope and low-K, element 
variation for either secular (0-13 Myr) ør isochronic (zero age} 
trends'*. Other explanations for anomalous geochemistry in 
36-37°N magmas appealed to zoned and/or periodically 
refilled magma chambers’*’’, and aiso to the process of 
‘dynamic melting”? which involves incremental melting and 
incomplete extraction of the melt phase.as a typical feature of 
dilating partial melting environments. These concepts have been 
questioned", and in the absence of seismic recognition and 
petrological evidence for sub-rift reservoirs?” and the lack of 
chemical characteristics ascribed to dynamic melting at ‘normal’ 
ridge axes (for example, 22°N), it is reasonable to explore 
alternative models. 

Evidence from lava and xenolith variation at single (such as 
island) localities suggests that mantle heterogeneity is possibly 
vertical in nature***** thus coalescence of dilating and trans- 
form fractures could allow differential tapping of the mantle. 
Thermal models***> predict progressively shallower partial 
melting with increasing spreading rates. A simplistic but 
reasonable synthesis could postulate preferential zones of 
partial melting, activated by either nermal rift dilation (high 
degrees of partial melting at shallow depth), or (depending on 
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Fig. 1 Hf/Ta versus La/Ta diagram for basalts from the Atlan- 

tic/ Azores region, data from refs 2, 8, 12, 36-39. Sites 395, 417 

and 418 reflect ‘normal’ MORB depleted in low-Kp elements. 

Note the absence of regional binary mixing; the colinear trend of 

FAMOUS RV-2 and Site 332; the lack of such a trend between 

332, 334 and 335 (36-37 °N spreading flow line); and the diversity 
of ‘enrichment’ type compared with normal MORB. 
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Fig.2 Yb/Sm versus La/Sm diagram for basalts from the Atlan- 

tic/ Azores region; data from same sources as for Fig. 1, Note the 

colinear RV-2-332 trend and lack of colinearity for 36-37 °N flow 

line; and the greater distinction of La/Sm (lower Kp) than Yb/Sm 
(higher Kp). 


ridge axis kinematics) by transform fractures (low degrees of 
partial melting at greater depth), each environment constrained 
by a different range of pressure, temperature and hence, depth 
of melting. In turn, a given fracture zone-bound spreading 
segment might be characterized by (1) relative volumetric 
contributions from the two environments, and (2) the extent to 
which these hybridize during storage and/or transport to the 
surface. 

Considering the range of variation at 36-37 °3N it seems that 
a combination of all factors is required. MgO-rich basalts are 
depleted in light REEs’® and there is a general correlation (not 
attributable to fractional crystallization) of low-Kp element 
enrichment, increases in La/Sm, Rb/Sr, Ta/La and so on and 
decreasing Mg/(Mg+Fe?*). This correlation may reflect the 
combined effects of source heterogeneity and fractional crystal- 
lization, and probably also variations in the extent of partial 
melting, and as a general effect may indicate relatively direct 
access to the surface from the rift-melting environment, but 
more lengthy transport/storage (hence fractionation) histories 
for enriched magmas derived from fracture zone melting, before 
hybridization. Most mixing models have considered ridge- 
longitudinal ‘open’ feeder systems” which are probably not 
typical for slow-spreading axes such as the MAR”. Possible 
roles for fracture zones have not been seriously examined. If 
transform fractures permit the confluence of different magma 
supply systems, the development of chemical gradients at mid- 
ocean ridges may reflect the extent and nature of offset spread- 
ing as reflected by fracture zone frequency rather than regional 
mixing of different solid mantle fractions. This is apparent from 
recent data compilations’? which show low-Kp element and 
radiogenic isotope peaks, together with lava temperature 
‘troughs’, corresponding not only to positive gravity and thermal 
anomalies (proposed loci for mantle upwelling) but to major 
transform fractures. Mixing between fracture zone and rift 
systems is consistent with evidence for longitudinal magma flow 
at dilating ridges’**° and with inferences from seismic and 
chemical data constraining magma systems to individual ridge 
segments!!!%9, 

Low-Kp element ratio-ratio plots are a useful way to study 
source-characteristic mixing. If each ratio denominator is iden- 
tical (for example, K/Rb and Sr/Rb) mixing produces straight 
line variation between the two*’. Data for DSDP Sites 332 
(3.4 Myr), 334 (10 Myr) and 335 (13 Myr), FAMOUS RV-2, 
the Azores and other Atlantic localities are depicted in two 
low-Kp element ratio diagrams: Hf/Ta-La/Ta and Yb/Sm- 
La/Sm (Figs 1 and 2). Hf/Ta-La/Ta plots for RV-2 and 332 
reflect significant variation in source composition, distinct from 
that of ‘normal’ ridge segments (represented by Sites 395, 417 
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and 418) and consistent with binary mixing. The variation is also 
distinct from that of older sites at 36-37°N and from other 
‘enriched’ localities in the Atlantic. A similar, more diffuse, 
relationship is observed for Yb/Sm—La/Sm variation (Fig. 2). In 
general, variation for given localities such as spreading segments 
or individual islands is consistent with simple binary mixing, 
whereas variation on a regional scale reflects a complex array of 
fractionation processes in the mantle. The relation to small-scale 
rather than large-scale tectonic features is probably highly 
significant, and bears on fundamental problems concerning the 
chronology and origins of mantle heterogeneity. 

®Sr/*°Sr and '“3Nd/'*Nd ratios for FAMOUS RV-? lavas?! 
indicate isotopic homogeneity for the source region at present, 
and, as for many low-Kp element-enriched magmas, reflect a 
time-integrated source depletion in Rb and LREE compared 
with chrondrites'***. White’! suggests that this reflects that 
either Rb/Sr and Nd/Sm ratios in the source are uniform, or that 
heterogeneities in these ratios are young (<80 Myr). Although 
White prefers the former interpretation, his data reflect Rb/Sr 
and Nd/Sm variation between 0.024-0.063 and 0.267-0.337 
respectively (Fig. 3) and show a strong negative correlation. This 
clearly favours the interpretation that heterogeneity is of recent 
origin. The approximate coincidence of RV-2 and Site 332 
Rb/Sr-Nd/Sm variation to bulk Earth estimates in Fig. 3 is 
probably fortuitous in view of the depletion history recorded by 
Sr and Nd isotopes, Together, the low-Kp and isotope 
components suggest that generation of heterogeneity expressed 
in the 36-37 °3N lavas is coeval with, and may be complemen- 
tary to, processes of magma generation as determined by the 
overall tectonic environment. From geophysical considera- 
tions’ local binary mixing of mantle fractions is unlikely, 
suggesting that mixing of different mantle-derived magmas is a 
more plausible mechanism for producing mantle-related mixing 
trends of the type observed. The fracture zone-rift explanation 
for binary mixing is also appealing for its ability to explain the 
origins of low-Ky element enrichment in the mantle. Enrich- 
ment by metasomatic veining of fertile peridotite has been 
documented in terms of mineralogy, chemistry and isotopic 
equilibration**** and may be the result of incipient melting in 
garnet lherzolite. The thermal-kinematic nature of transform 
fractures and the correspondence of magmatic enrich- 
ment/mixing trends to local rather than regional tectonic fea- 
tures suggests that transform fracturing may actually provoke 
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generation of low-percentage melt increments at depth, and 
provide upward access for these into depleted ‘normal’ mantle 
to form secondary ‘enriched’ sources for ridge axis magma. In 
this context, the evaluation of small variations in pressure, 
temperature, percent melting and disequilibrium in determining 
the nature of enrichment becomes critical in explaining the 
unique chemistries of enriched-magma associations. 

I thank Paul Robinson, Hubert Staudigel and Alan Zindler 
for helpful discussions. 
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Sanidine spherules at the 
Cretaceous-Tertiary 
boundary indicate a large impact event 
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The hypothesis that a catastrophic impact of an extraterrestrial 
body caused the terminal Cretaceous mass extinctions of 
dinosaurs, planktonic foraminfera and other species is now 
accepted as respectable following the discovery of a worldwide 
iridium enrichment in the Cretaceous—Tertiary (K-T) boundary 
clay’. In the basal lamina of the K-T boundary clay of 
Caravaca (Spain)’ numerous spherules were discovered 
composed of finely crystallized, almost pure K-feldspar in the 
structural state of high sanidine. It is concluded here that these 
spherules solidified from a melt and were probably derived from 
the impacting body. This poses problems as high K-values are 
not reported from bulk analyses of meteorites“. The K-feldspar 
phenocrysts reported in some iron meteorites” suggest the body 
may have been a metal-sulphide-silicate planetesimal. A 
cometary body is suggested as an alternative. 


0028-0836 /81/270047-—03$01,00 


The strongest geochemical extraterrestrial signals have been 
recorded in the basal lamina of the 10-cm thick K-T boundary 
clay of both the Barranco del Gredero section (Caravaca) and 
the ‘Fish-clay’ at Stevns Klint (Denmark? *. These basal milli- 
metres show the highest concentrations of the siderophile ele- 
ments Ir (44 and 86.7 parts per 10° respectively), Os, Cr, Co and 
Ni, and also a significant rare earth element (REE) depletion. 
(J.S and Ten Kate, in preparation). The REE depletion, if 
caused by the low concentration of REE in the impacting body, 
suggests a large meteoritic contribution in the basal lamina, 
regarded as ‘fall-out’ level of the impact event. Moreover, 
anomalously high amounts of the chalcophile elements Zn, As, 
Se, and Sb have been found, elements which are not present in 
high concentrations in known extraterrestrial material’. The 
sanidine spherules occur as small (0.5-1 mm) globules, dumb- 
bells and disks only in the ‘fall-out’ level of the K-T boundary 
clay at Caravaca; some 50-300 per cm’ sediment were found. 
X-ray diffraction analysis of the spherules has been carried out 
on a Guinier camera, using CuKa radiation and corundum as 
internal standard. The diffraction pattern shows only K-feldspar 
lines of good quality, which permit accurate determination of 
the 20 angles (204; 50.78°, 060; 41.59°, 201; 20.98° (+0.1°)) 
and lattice constants (Table 1, Fig. 1). Indexing of the Guinier 
pattern according to Borg and Smith® as sanidine is unam- 
biguous. 

Furthermore, the spherules were analysed chemically by 
electron microprobe and instrumental neutron activation 
analysis (INAA) (Table 1) and have been examined by scanning 
electron microscope and petrographic microscope (Figs 2, 3). 

In good agreement with the X-ray diffraction, the microprobe 
analysis gives a K-feldspar composition of the formula 
Ko.osNao.01F €0.01 Alo. 9gSis,0108. The high K/Na ratio is remark- 
able: K/(K+Na) = 0.99. No difference in chemical composition 
has been observed between the centre and the edge of the 
spherules. Within the spherules occur numerous small opaque 
inclusions. Analysis of two of these inclusions (Table 1) shows a 
high Cr and Ni (9,400 p.p.m.) content, considerably more than 
the clay in which the spherules were found. As iridium generally 
correlates positively (above zero in impact melts) with Ni (refs 9, 
10) we expect the inclusions to have a high Ir content. The whole 
rock INAA analysis of the spherules confirms the high K/Na 
ratio. Co, Cr, Ni, As and Sb occur in high: concentrations and are 
presumably concentrated in the opaque inclusions. REE values 
are low. Similar low values in K-feldspar are rarely reported’. 

A preliminary K/Ar dating (E. A. Hebeda, personal com- 
munication) on handpicked and ultrasonically cleaned, but 
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Fig. 2 Thin sections of the sanidine spherules from the 
Cretaceous~Tertiary boundary, showing dendritic microstructure 
and fibres radiating from the surface and from opaque inclusions. 


Scale bar, 75 um. 





otherwise untreated sanidine spherules, gave a minimum age of 
44 +2 Myr. This is ~21 Myr less than the generally accepted age 
of 65 Myr for the K-T boundary’, and is probably due to loss of 
argon or to impurities within the spherules. 

Figures 2 and 3 show the microstructure and crystal structure 
of the spherules. The microstructure consists of minuscule 
dendrites and fan-shaped fibres, radiating from the surface into 
the spherule, and from the opaque inclusions, acting as nuclei 
(Fig. 2a~c). This texture suggests that crystallization took place 
rapidly”. . 

But how did the spherules originate? Authigenic growth of 
K-feldspar as microcline or adularia occurs commonly'*"5, but 
little information on authigenic sanidine is available’, 
Authigenic growth of the spherules, however, is considered 
unlikely, because of the crystal shape, texture and structural 
state of the sanidine. 

Authigenic crystallization takes place slowly, which usually 
leads to equidimensional, euhedral crystals, in strong contrast 
with the texture shown in Figs 2 and 3. Figure 1 shows the 
difference in structural state’? between the sanidine of the 
spherules and authigenic sanidine—authigenic sanidine is 
clearly anomalous. The only argument for authigenic growth 
would be the high K/Na ratio, because of the limited miscibility 
of K- and Na-feldspar at low temperatures". 

A volcanic origin for the spherules is also considered unlikely, 
because of the lack of other volcanic products at the K-T 
boundary, and the high K/Na ratio. 

A relation with the terminal Cretaceous impact event remains 
the most plausible explanation. We may consider the spherules 
either as microtektites, which implies a terrestrial source rock, 
or as ablation products of the incoming projectile(s), Mikrotek- 
tites are normally glassy objects with a terrestrial chemical 
composition, ejected from an impact crater”. 

The initiation of crystallization at the surface of the spherules 
indicates that the spherules were already in their present, 
spherical shape when crystallization started. This favours 
strongly rapid cooling, beginning at the surface of a molten 
silicate droplet. Perhaps the ‘monomineralic’ composition of the 
melt of the spherules has led to dendritic crystallization, instead 
of glass. For microtektites the high K/Na ratio would be difficult 
to explain, although K enhancements in crater ejecta and impact 
melts have been observed"?, 

The texture of the spherules resembles the texture of chon- 
dritic ablation spherules reported by Blanchard et a/.”’, although 
the chemistry of present spherules is completely different. 
Ablation products, rich in K are not yet reported; K is an 
accessory element in all types of meteorites (150-1,400 p.p.m., 
ref. 6), and only from a few iron meteorites are K-feldspar 
phenocrysts reported” with the same X-ray pattern as the 
spherules (Fig. 1). The enriched chalcophile elements As, Se and 
Sb may be derived from a comet, which is supposed to have 
preserved (part of) its volatile constituents. K may similarly be 





Table 1 X-ray diffraction, microprobe and instrumental neutron activation analysis of sanidine spherules from the base of the Cretaceous-Tertiary boundary clay at the Barranco del Gredero, 
Caravaca, south-east Spain bet 








Microprobe 
Mean of 5 Dark 
spherules (%) inclusions 

SiO, 64,.320.2 41.0 

ALO; 17,7404 17.8 

TIO, ~= 0.1 

CrO; _ 0.15 

FeO (0.05 ~ 0.7) 15.05 

MnO 0.05 

NiO 0.8 

MgO 3.2 

Cad 1.25 

Na,0 0.1540.015 0.35 

K,0 16.0+0.2 0.8 

ZnO ae 0.25 

Total 98.45% 80.8% 











Instrumental neutron activation X-ray diffraction 
(Cuka) 
Sanidine Clay between 
spherules spherules Lattice constants 
(p.p.m.) (p.p.m.} 
Na 700 © 313.6 
K 10.2% 0.95% 
Se 3.49 11.3 
Cr 269.3 952 a 90.000° 
Fe 1.77% 8.04% B 116.026° 
Co 184.1 720 ¥ 90.000° 
Ni 810 2,980 
Zn 390 1,740 
As 166 754 a 8.61 
Se <3 6.0 b 13.02 
Sb 48 17.2 e 7.19 
La 1.35 5.3 v 724,058 
Ce 5.7 14.5 
Sm 0.27 0.9 g 20 
Eu 6,22 0.271 20 20.98° 
Hf 1.9 48 131131) 29.80" 
Th 4.8 10.2 ` 060 41.60° 


<1lp.p.b. 44.0 p.p.b. 304 50.76" 
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Fig.3 Scanning electron micrographs showing the morphology of 
the sanidine spherules and dendritic sanidine crystals. Scale bars: a, 
b, d, 100 um; f, g, 1 wm. e-g are enlargements of c. 


derived from a comet. However, K-feldspar is a differentiated 
mineral, which probably does not occur in undifferentiated Solar 
System material, as comets are supposed to. Bandhari and 
Shah’s report”* of K-rich globules from Luna-20 soil is notable 
as the soil of the Moon is supposed to contain meteoritic and 
cometary material (J. Hertogen, personal communication). A 
third possibility is that the KAISi,O, spherules are condensates 
of more volatile constituents, which are vaporized on entry to 
the atmosphere or on impact on the Earth. 

We suggest that sanidine spherules, restricted to the ‘fall-out’ 
lamina of the terminal Cretaceous impact event, are derived 
from a projectile, rich in chalcophile and moderately volatile 
elements like K, As, Se, Sb and Zn. Further chemical analysis of 
the spherules and their inclusions may shed light on the terminal 
Cretaceous impact event and on the composition of the im- 
pacting body. 

We thank J. J. Hermes, J. E. van Hinte, E. A. Hebeda, S. Pen, 
M. de Bruin and many others for their contributions. The 
ZWO-WACOM Electronmicroprobe Laboratory at the Free 
University and the Interuniversity Reactor Institute were used 
for chemical analyses. 
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Lamellar-zonal bone with zones 
and annuli in 
the pelvis of a sauropod dinosaur 
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De Ricqlés'” distinguishes two principal types of primary 
(unremodelled) compact bone (compacta), which he terms 
lamellar-zonal and fibro-lamellar. In the former, bone laid down 
by accretion at the periosteal (external) surface shows a general 
coarsely lamellated texture, and vascular canals (for blood 
vessels) are often sparsely developed and sometimes lacking. 
Primary osteons, formed by inward growth of bone inside 
vascular canals, may be present or absent. This type of compacta 
is seen in bones which grow slowly or only to small sizes, and is 
the only type seen in most ectotherms. In contrast, fibro- 
lamellar bone is always rich in primary osteons, set in a matrix of 
woven bone which is typically laid down rapidly. This type of 
bone is seen mainly in medium- to large-sized endotherms, and 
reflects their ability to reach such sizes more quickly than 
comparable ectotherms. In ectotherms, lamellar-zonal bone 
may show a cyclical alternation of thin layers of dense bone, 
termed annuli, with thicker vascular layers known as zones, buat 
it is claimed’ that such features are not developed cyclically in 
endotherms. The presence of fibro-lamellar compacta, without 
annuli and zones, in various dinosaurs’ is hence seen as evidence 
that dinosaurs were endotherms. However, I report here a case 
in which compact bone from the pelvis of a dinosaur is instead 
lamellar-zonal, and shows typical zones and annuli. 

The material studied consists of the proximal parts of an 
incomplete left pubis (Fig. 1a) and ischium (anterior and 
posterior bones of the lower part of the pelvis) from an 
undescribed sauropod dinosaur, found in the Northampton 
Sands Formation (Middle Jurassic, Lower Bajocian) at Harles- 
tone, near Northampton, UK. Both bones are broken across 
their shafts, and the compacta seen in section at the broken ends 
shows conspicuous concentric annulations (see Fig. 14), which 
are due to its formation from a series of circumferential incre- 
ments. The external surface shows fine longitudinal grooving, 
and the vascular canals exposed at broken surfaces are pre- 
dominantly longitudinal. The compacta surrounds a core of 
spongy bone (spongiosa), containing tubular cavities which 
again run longitudinally. 

In the pubis, the compacta is thickest on the outward-facing 
surface, and most of the increments are several times thicker on 
this side than on the inward side. Each increment is underlain by 
a sharply defined surface, which resembles the external surface. 
Where these increments are thickest (Fig. 1c}, each one typically 
begins with a thin (for example, 25 um thick) but well defined 
layer of bone, in which vascular canals occur mainly over 
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Fig. 1 Left pubis of a saurepod 
dinosaur (British Museum (Natural 
History) exhibit no. R. 9472) from 
the Northampton Sands Formation 
near Northampton, UK. a, Proximal 
part of the pubis, inner face, to show 
the dinosaurian character of the 
specimen and the source of the 
sectional material (arrowed), scale 
30cm. 6, Polished section at the 
point arrowed in a, viewed distally, 
showing the annulated appearance; 
arrows mark the positions of traverse 
lines used in measuring from a 
parallel thin section (see text and 
below) x2 c, One increment of the 
primary compacta and parts of two 
others, as seen where the increments 
are thickest (b, left-hand side), 
showing two of the thin basal annuli 
and one complete vascular zone, 
x30. Moving inwards, the outermost 
11 such increments have average 
thicknesses (three measurements) of 
0.30, 0.34, 1.06, 1.17, 0.47, 1.04, 
2.27, 2.15, 1.14, 1.78 and 1.78 mm, 
respectively. d, The outermost three 
increments of the compacta as seen 
where the increments are thinnest (b, 











right-hand side), and part of the underlying fourth, x38. e, Traverse through the compacta where its increments are thinnest, from the external 


surface (at right) to near the limit of the spongiosa (left), x12, 


grooves in the underlying surface. A second similar layer some- 
times follows, usually less distinct. The rest of the increment is 
` formed by strongly vascular bone, showing little or no concentric 
layering, but packed with primary osteons. The vascular canals 
of this part of the increment are irregularly interconnected at 
rather wide intervals, and show no regular arrangement. The 
increment then ends with a surface which resembles the one 
underlying it. Up to 13 such increments were counted in a 
section cut parallel to the surface shown in Fig. 1b, with an 
average thickness (three measurements) of 1.23 mm in the 
outermost 11 (range 0.30-2.27 mm; see Fig. 1 legend). Where 
the increments are thinnest (Fig. 1d,e), there are usually several 
thin basal layers, but the vascular parts are reduced, and their 
vascular networks may be single layered. Bone under the 
terminal surface may also show a layered appearance, and this 
extends through the whole depth of some increments. Up to 17 
such increments were counted, with an average thickness of 
0.35 mm. Intervening parts of the compacta show conditions 
intermediate between these two types (Fig. 1c,d). 

A sample from the ischium shows compacta of the type seen in 
Fig. 1c, but only five or six increments remain between the 
surface and the spongiosa. (As usual, the spongiosa grew 
outwards by encroaching on the compacta from within, and 
these different counts of increments reflect different degrees of 
encroachment.) In both bones, Haversian systems (secondary 
osteons, formed from bone laid down in vascular canals cut 
though the primary structure by resorption) are mainly seen 
near the spongiosa. The bones are iron stained, with their fine 
structure partly masked as a result. Using cross-polarization, the 
fine banding of lamellar bone can be found in primary osteons, 
and in the Haversian bone and spongiosa, but it is not seen in the 
thin circumferential layers which seem to consist of parallel- 
fibred bone. Woven bone can be recognized in parts, between 
primary osteons. 

Although these bones are pelvic, their shafts can be compared 
with those of limb bones, and the concentric structures seen in 
their compacta reflect the way in which new bone was added at 
the surface. These structures are not a result of internal 
remodelling, which is limited to replacement of the primary 
compacta by Haversian bone and spongiosa. The surfaces 
between successive increments mark pauses in growth 
represented by a resting line at the base of each increment as 
seen in section (see Fig. 1c). Each increment, as developed in 


Fig. 1c, can be interpreted as consisting of a thin basal annulus 
with a vascular zone outside it; the modified pattern seen in Fig. 
1d shows the condensing effect of slower growth. These features 
are repeated cyclically through the whole depth of the primary 
compacta, up to 17 times down to the level of internal replace- 
ment by spongiosa. There is no sign that this growth plan 
replaced an earlier non-cyclic pattern. Hence, they cannot be 
dismissed as a result of incidental formation of annuli, or their 
formation at the end of normal growth (compare ref. 2, p. 109 
and ref. 4, p. 53). Annuli are more usually found under resting 
lines*, but annuli which follow resting lines, as in the material 
examined here, are known from the pelycosaur Dimetrodon, for 
example (Fig. 4 of ref. 8). The most similar material observed by 
de Ricqlès (Fig. 3 of pl. 19, ref. 6) is compacta from limb bones of 
the fossil amphibian Stenotosaurus (Subclass Labyrinthodontia, 
Order Temnospondyli, Suborder Stereospondyli; Lower Tri- 
assic), which may show thick vascular zones packed with primary 
osteons as found in parts of the material examined here (Fig. 1c), 
or a more condensed pattern (Fig. 9 of pl. 5, ref. 2) like that 
shown here in Fig. 1d,e. The compacta from Stenotosaurus was 
specifically shown? as being lamellar-zonal bone with zones 
and annuli; therefore I take this to be the character of the 
compacta of the bones studied here. 

The primary compacta of this sauropod pubis and ischium is 
thus not of the fibro-lamellar type, thought’ to be general in 
dinosaurs, and shows features (cyclically repeated aħnuli and 
zones) described*** as characteristic of ectotherms and absent” 
from known endotherms and dinosaurs. Their presence here 
cannot be dismissed as due simply to slow growth of the pelvic 
bones (compare p. 139, ref. 7), because the presence of resting 
lines between thick vascular zones implies that periods in which 
no bone was deposited periosteally occurred alternately with 
periods of more or less rapid growth. Where the zones are thick 
(Fig. 1c), they are more vascular than is usual in modern reptiles 
(compare with ref. 9), but can be closely matched in the amphi- 
bian Stenotosaurus, which is not a likely endotherm (all modern 
amphibians are ectothermic)—this condition has also been 
interpreted? as being related to aquatic modes of life. Thus the 
sauropod discussed here seems to have been ectothermic, unless 
annuli and zones can be cyclically developed in an endotherm. 
At first sight, this result is surprising but de Ricqlès’ main 
work®?°"?? on bone in fossil amphibians and reptiles contains no 
systematic study of dinosaurs, and his summary’ of their bone 
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histology makes use of work by other authors. Some materialin 
the theropod Allosaurus is thought to show lamellar-zonal 
example if bone included by Seitz (Figs 53, 54 of ref. 14) from 
the theropod Allosaurus is thought to show lamella-zonal 
structure. This suggests that the material examined here only 
seems to be anomalous because no adequate systematic study of 
dinosaurian bone histology has yet been published. 

I thank Drs H. W. Ball and A. J. Charig for permission to 
study the material, and Dr Charig for identification; Dr A. C. 
Milner and Mr C: A: Walker for assistance; Professor T. J. 
Harrison and Dr M. Ferguson for discussion; and The Queen’s 

- University of Belfast for travel grants. The sections were cut by 
Mr W. G. Allingham and Mr S. Watters processed the pho- 
tographs. 
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Current classification of birds recognizes three subclasses which 
are morphologically distinct: the Archaeornithes for 
Archaeopteryx, the Odontornithes for the Hesperornithiformes 
and the Ichthyornithiformes, and the Neornithes for all modern 
birds and their extinct immediate relatives. (Some authorities’ 
prefer different names for some of these taxa.) I have examined 
new material recently discovered in the Upper Cretaceous rocks 
of Argentina which indicates the existence of a group of birds 
having features so different from those of the currently recog- 
nized subclasses that they seem to represent a fourth subclass, 
here named the Enantiornithes (opposite birds’). I describe 
unique fedtures of the Enantiornithes which include a reduced 
outer metatarsal, in some forms an extreme modification of the 
remaining elements of the tarsometatarsus, a highly modified 
pectoral girdle, and sometimes a characteristic perforation in the 
proximal end of the humerus. 

In the 1970s Dr Jose Bonaparte (Museo Argentino de Cien- 
cias Naturales, Buenos Aires) conducted field excavations in the 
continental deposits of the Lecho Formation (Salta Group) of El 
Brete (Salta Province), northwestern Argentina, the age of 
which is probably Maestrichian (uppermost Cretaceous). The 
collection included ~60 individual bones, some associated, 
which are presumed to be avian; they show no similarity to any 
of the accompanying dinosaur remains (a titanosaurid, a 
coelurosaur and a carnosaur)’. This bird material consists of all 
the major postcranial elements and the posterior portion of a left 
lower jaw ramus; it will be housed in the Universidad Nacional 
de Tucumán, Argentina. I have described the material here as 
belonging to members of a single monophyletic group. Although 
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found separately, most of the elements are of a single unique 
form: for example, there are five coraceids, all very different 
from those of other birds, including that of Archaeopteryx. The 
same is true of the 10 humeri, 6 ulnae, 5 femora, 5 tibiotarsi and 
5 tarsometatarsi. The hypothesis that all these remains belong to 
one group is supported by the fact that there is some degree of 
association between the elements: for example, one articulated 
group consists of scapula, coracoid and humerus, and in another 
case a very similar humerus was found with the whole of the rest 
of the forelimb skeleton. The fore- and hindlimb elements can 
be associated only tentatively, by size, and by a single associated 
ulna and tibia (4032). 

However, within the highly characteristic structure, both size 
and shape vary considerably. The material falls into five cate- 
gories, of which three have about the same dimensions (but 
differ from each other in form); in the other two categories the 
material is much smaller and much larger respectively. The 
morphological differences between the five tarsometatarsi are 
particularly striking; they clearly represent three lines of evolu- 
tion so distinct that, had they still been extant, each would 
probably have been assigned a separate ordinal status. The 
differences between the humeri are less marked but are never- 
theless significant. 

The new specimens from Argentina possess certain characters 
common to all birds. These include a strap-shaped scapula; a 
coracoidal foramen (=supracoracoidal foramen of Ostrom’); a 
humerus with proximal and distal expansions almost in the same 
plane, well developed deltoid and bicipital crests, a pneumatic 
fossa and/or foramen and a well marked ligamental furrow; a 
radius with an expanded distal end; an opisthopubic pelvis; a pit 
in the head of the femur for the attachment of the round 
ligament; and some degree of fusion of the metatarsals. 

A cladistic analysis of the remaining characters of this group, 
for which the new name Enantiornithes (opposite birds’) is 
proposed, results in the cladogram shown in Fig. 1. Table 1 lists 
the synapomorphies common to Enantiornithes and all other 
post-Jurassic birds (Odontornithes and Neornithes) in which 
they differ from the corresponding character-states of 
Archaeopteryx, while Table 2 lists the synapomorphies which are 
shared by the Odontornithes and Neernithes, in which they 
differ from the corresponding character-states of the Enanti- 
ornithes. 

The positive character-states unique to the Enantiornithes 
(nos 3-6a, 8, 10 and 13 in Table 2) make it impossible to place 
them in any of the three major groups already recognized 
(Archaeornithes, Odontornithes and Neornithes). There are, 
however, plesiomorphic similarities with Archaeopteryx, 
including the length and slenderness of the femur and the 
imperfect fusion of the tarsometatarsus. As I do not support 
strictly Hennigian classifications I suggest that this group be 
assigned the status of a subclass, thus fitting it into the traditional 
classification as coordinate with the other three subclasses. 

The coracoid (Fig. 2a, D and E) differs from those of typical 
birds, not only in having no procoracoid but also in its lack of a 
prominent sterno-coracoidal process. Perhaps the most 
fundamental and characteristic difference between the Enanti- 
ornithes and all other birds is in the nature of the articulation 
between the scapula (Fig. 2a, C) and the coracoid, where the 
‘normal’ configuration is completely reversed. The humerus too 
possesses unique features: for example, the head is almost flat in 
anconal view (Fig. 2a, B) while there is e well marked depression 





Fig. 1 Suggested cladogram for the class Aves. A, Archaeor- 
nithes; E, Enantiornithes; O, Odontoraithes; N, Neornithes, 
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Table 1 List of the synapomorphies shared by the Enantiornithes and all other post-Jurassic birds, in which they differ from the corresponding 


character-states of Archaeopteryx 





Character Archaeornithes 
1 Vertebral centra Not saddle-shaped 
2 Number of sacral vertebrae Probably 6 
3 Caudal vertebrae Not reduced 
4 Sternum Not developed 
$3 Abdominal ribs Present 
6 Coracoid Lunate 
7 Proximal carpals Radiale and ulnare of simple shape 
8 Distal carpais Lunate bone only 
9 Metacarpals Unfused H-V (I-I) 
10 Tlium and ischium Not fused distally 
11 Degree of fusion of astragalus and Nil or only partial (ref, 5) 


calcaneum to tibia 


Enantiornithes, Odontornithes and Neornithes 


Saddle-shaped (? cervicals only in Enantiornithes) 

At least 9 

Reduced to a pygostyle (indication only in Enanti- 
ornithes) 

Well-developed, with keel 

Absent 

Elongate, spatulate at sternal end 

Scapholunar and cuneiform of complex shape 

Trochlea carpalis and extensor process fused 
together to form part of carpometacarpus, with 
pollical facet and well-developed metacarpal facet 

Fused 

Usually fused to enclose ilio-ischiadic fenestra 

Complete 


aaaeaii 


Table2 List of the synapomorphies shared by the Odontornithes and the Neornithes, in which they differ from the corresponding character-states of 


the Enantiornithes 





Character 


Enantiornithes 


Odontornithes and Neornithes 


1 Saddle-shaped vertebral centra Probably in cervicals only In most cases, in cervicals and dorsals 
2 Procoracoid Absent Present 
3 Scapular articulation on coracoid Boss Facet 
4 Coracoid articulation on scapula Facet Boss 
5 Head of humerus Flattened profile Rounded profile, no flattening 
6 Palmar surface of humerus: 
a, depression below head Well marked Absent 
b, brachial depression above Absent Well developed, surrounded by scar of brachialis 
distal end anticus muscle 
7 Internal condyle of humerus Poorly developed Well developed 
8 External condyle of humerus Transversely orientated Less so 
9 Femur Relatively long and slender, Much shorter than tibia, with well-marked 
without fibular groove fibular groove 
10 External cotyla of ulna More pronounced Less pronounced 
11 Cnemial crests of tibiotarsus Without flanges With highly developed flanges 
12 Tendinal groove of tibiotarsus Absent Present 
13 Distal articulation of tibiotarsus: 
a, internal condyle Bulbous Less bulbous 
b, intercondylar fossa Narrow Wide 
14 Fusion of tarsometatarsus Only partial Complete 


The characters of the new species Enantiornis leali, listed in 2~6a, are based on an associated coracoid, scapula and humerus (no. 4035). The species 
has been named after J, C. Leal, who discovered the locality and helped in the collection of material. 


distal to it on the palmar side (Fig. 2a, A). At the distal end of the 
humerus the internal and external condyles (articulations for the 
radius and ulna respectively) are not well formed, the external 
condyle being oriented more transversely (Fig. 2a, A) as in 
Alexornis antecedens* from the Campanian (Upper Cretaceous) 
of Mexico. Furthermore, there is no indication of either a 
brachial depression or a scar for the brachialis anticus muscle. 
The most remarkable feature of the humeri is the variation in the 
area of the internal tuberosity, where four well preserved speci- 
mens show three distinct types. One has the large pneumatic 
foramen typical of many birds, another seems to have no such 
structure, while the third has what could be regarded as a 
pneumatic fossa with no foramen but with a canal running 
proximo-distally through the internal tuberosity. This third 
condition seems to be unique as it is unknown in any other bird 
or reptile. The remaining forelimb elements, although possess- 
ing unique features, are typically avian, especially metacarpals 
II-IV which are fused into a carpometacarpus (Fig. 2a, F). Very 
little can be said about the sternal fragment except that it has a 
keel and a large sternal notch. 

The two preserved pelves are incomplete, but indicate an 
opisthopubic condition (Fig. 26, C). This configuration, 


generally believed to be confined to birds and ornithischian 
dinosaurs, has now been noted also in certain advanced 
coelurosaurs of the family Dromaeosauridae which, like the 
Enantiornithes, are of Maestrichian age. However, the large 
ilio-ischiadic fenestra is found only in birds. Furthergnore, the 
smaller specimen has a synsacrum of at least nine vertebrae, a 
higher number than that found in coelurosaurs, and the last 
vertebral centrum is so tapered as to give a clear indication of a 
pygostyle. 

The unusual morphology of the hindlimb elements might raise 
doubts about an avian identification. The femur (Fig. 2b, A), for 
example, could be said to show affinities with that of a very small 
theropod dinosaur in being long and slender, but in detail it 
seems to resemble more closely that of Archaeopteryx. The 
tibiotarsus (Fig. 25, B) is very bird-like in having the astragalus 
and calcaneum fused to its distal end; the same is true of certain 
coelurosaurs, but the latter, unlike the Enantiornithes and all 
modern birds, still show marked suture lines between the 
bones involved. The distal articulation of the tibiotarsus is itself 
unique in that the internal condyle is larger and bulbous and 
the intercondylar fossa much narrower than in any modern 
bird. 
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Fig. 2 a, Newsubclass, Enantiornithes: selected elements of pectoral girdle and forelimb. A, left humerus, palmar view: B, same, anconal view 
(4054); C, left’scapula, external view (4039); D, left coracoid, internal view; E, same, external view (4035); F, left carpometacarpus, internal view 
(4049). F, x0.6, all others x 0.3. BC, bicipital crest; CA, coracoidal articulation; CG, capital groove; CT, carpal trochlea; DC, deltoid crest; DP, 
depression; EXC, external condyle; FA, furcular articulation; GF, glenoid facet; H, head; INC, internal condyle; INT, internal tuberosity; PF, 
pneumatic fossa; PO, pollical facet; SA, scapular articulation; SCF, supra-coracoidal foramen; SCP, sterno-coracoidal process. b, Selected 
elements of pelvic girdle and hindlimb. A, right femur, anterior view (4037): B, distal end of right tibiotarsus, anterior view (4033); C, right side of 
pelvis, external view (4042). All x0.3. EXC, external condyle; ICF, intercondylar fossa; IF, ilio-ischiadic fenestra; IL, ilium; ISC, ischium; 
P, pubis. c, Three different tarsometatarsi. A, 4021 from right side (x0.5); B, 4053 from left; C, 4048 from ?right (both 0.64), EC, external 
ee cotyla; IC, internal cotyla; HT, hypotarsus, 


Three different types of tarsometatarsus are represented. The 
first (Fig. 2c, A), associated with a tibiotarsus, is the largest and 
possesses a ‘primitive’ avian hypotarsus (that is, one that is 
rectangular in proximal view). The second (Fig. 2c, B) is short 
and broad and lacks a hypotarsus; metatarsal II is more or less 
straight instead of having its distal end curving medially (the 
condition in most modern birds), while metatarsals IH and IV 
are bent in the middle so that their distal ends are directed 
laterally. The third (Fig. 2c, C) also lacks the hypotarsus and is 
about the same length as the second but rather narrower, with 
the trochlea in a normal position; the general appearance of this 
third typesis distinctly coelurosaurian, except that the terminal 
phalanx associated with it lacks the bifurcated groove found in 
most—but not all—coelurosaurs (H.-D. Sues, personal com- 
munication). The most unusual feature of the first and second 
types of tarsometatarsus is the reduction of metatarsal IV to a 
lateral splint, which, although it may well have still had a toe, is 
attached firmly to its neighbour only proximally. The third type 
is somewhat different in that metatarsal IV is still substantial and 
attached to metatarsal III along almost its entire length. In all 
cases the metatarsals are not fused together completely, the 
sutures still being visible along much of their shafts; they are 
similar in this respect to Archaeopteryx and young modern birds. 

It is too early to speculate as to the mode of life of these birds, 
but the largest forelimb elements indicate an animal with a 
wingspan of at least 1 m. The flying capabilities were probably 
limited or even non-existent as the sternum, although keeled, 
seems to have had a large sternal notch, and the distal artic- 
ulation of the humerus is only weakly developed. The latter 


character and those of other forelimb elements suggest that this 
group of birds may have developed a form of flight, or some 
other method of propulsion, which differed from that of the 
Odontornithes (that is, [chthyornis) andmodern birds. This view 
is strengthened by the unique configuration of the scapula- 
coracoid articulation (Fig. 2a, C) and of the two ends of the 
humerus (Fig. 2a, A and B). 

Of the hindlimb elements, only the tarsometatarsi allow one 
to speculate as to the possible habits of these birds. The length 
and narrowness of the first type (Fig. 2c, A) suggest either a 
wading or cursorial habit, whereas the extreme breadth and 
flattening of the second (Fig. 2c, B) suggest modifications for 
either propulsion through water and/or specialized support on 
land (as in the penguin). The third, more evenly broad type (Fig. 
2c, C) appears to be analogous to the feet of Recent penguins; 
the strongly curved terminal phalanx associated with it could 
have been used for scrambling. 

I thank Dr Bonaparte for allowing me to describe this 
material, the University of Tucumán for loan of the specimens, 
and Miss Cassandra Brown for producing the line drawings. The 
explorations were organized and supported by the Universidad 
Nacional de Tucumán, the Consejo Nacional de Investigaciones 
Cientificas y Técnicas and the Fundación Miguel Lille. 
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Seger’ has argued that, if a law of diminishing returns of 
personal fitness? with increasing consumption of a limiting 
resource applies, a greater increment to inclusive fitness’ may 
accrue to an individual by sharing the resource with its relatives 
than by excluding them. That is, from the point of view of an 
individual's inclusive fitness, there will exist an optimal relation 
between resource abundance, conversion efficiency (in terms of 
increment in personal fitness per resource unit consumed) and 
competitor abundance and relatedness to the subject. Here, this 
is rendered more concrete by deriving expressions for the 
optimum consumption rate for any one of a number of related 
individuals competing for a finite resource. 

Let the selective universe consist of N individuals, among 
which the relatedness* of the jth to the ith is zj. Let a total 
consumption x of a particular resource by the ith individual 
result in a total net reproduction for that individual of g,(x). 
Then, if this individual consumes an amount p,, let the inclusive 
net reproduction, r¥, of the yth individual be defined by 


N 


= x Ziv8i( Pi) (1) 


(Note that the use of ‘inclusive’ here does not correspond exactly 
to its use in the original definition of ‘inclusive fitness’ by 
Hamilton’. It avoids the necessity for a distinction between 
social and other effects and apparently corresponds to his 
earlier, heuristic usage’.) Differentiating and setting the deriva- 
tive equal to zero yields a turning point with respect to p, when 


N 
By( py) = -È XiyRi( pi) dpi/dp, (2) 
Let the total amount of resource available to, and divided 


between, the N individuals be fixed, so that the p; values are 
linearly dependent, 


N 
that is, ©} dp;/dp, = ~1, 
ie} 


iwy 


N 
x dp,/dp, 0, 


If the individuals are ordered so that a number n, less than N, can 
be defined such that dp,/dp, = 0 if and only if i >n, this can 
replace N both in these summations and in equation (2) without 
loss of generality. Now, defining Sy as z;,g/(p,) and S as 


x Sy/ ín ~1) 
i=l 


ivy 


equation (2) may be expanded to give 


8 (P,))= 5, + E (5, — Siy) dpi/dp, (3) 


isty 


If gi (p;) <0 (that is, g(x) is locally a law of diminishing returns) 
for 0<;<n, then it is sufficient that d *pi/ dp; and s are not 
negatively correlated for this to define a maximum. As long as 
N >n, so that ae gi(pi) is effectively independent of g,(p,), 
this also defines a maximum in r*/.., g(p:), the proportion of 
the gene pool of the next generation formed by genes identical 
by descent to those of the yth individual. 


Assumption of a particular form for g,(p,) can yield an intui- 
tively clearer relation. Thus, a reasonable and flexible assump- 
tion is that total net reproduction is a Michaelis-Menten 
function of consumption minus some maintenance factor (y,) 


glx) = abix = y) (axe y) +B): x> yi (4) 


g(x)=0 :otherwise 


so that 
gix) = g? (x)/a,(x =y? (5) 


In these equations, aœ; B; and y; are positive constants. If E,(x) is 
defined by 


Ej(x) = g)(x)/(x =y) (6) 
it may be conceived, in terms of Wiegert®, as a net efficiency of 
net reproduction per unit of consumption. If it is assumed that 
p: =; for all i, that is, no individuals exist on a quota below 
maintenance, equation (5) may be substituted in equation (3). If, 
in addition, a, the maximum net efficiency, is constant over all 
individuals, the result may be expressed in terms of E, 


E} (py) = éy + 2 (č, 


ivy 


— cy) dp;/dp, (7) 


where 


Ciy 
d = = 
sie 2, (a~1) 


iy 





Ciy = 2y E? (pi) 


If dp,/dp, and c; are uncorrelated, the second right-hand term 
of equation (7) disappears 
; z E ; (pi) 
E? =. iy 
» (Py) OEST PEET 


ivy 





(8) 


In the special case in which, in addition, z,, = z fori < n andi # y 


2 —_ 5 E? (p) r 
Es(py)=z È =) (9) 


iky 


That is, if an isolated population of equally related individuals 
can be defined, and success is to be judged in terms of some 
infinite, external gene pool, each should strive to raise its 
consumption until the ratio of its squared net efficiency to the 
mean square net efficiency of its competing relatives is equal to 
their relatedness. 

In many cases, such a simple view would be inappropriate; 
correlations between dp,/dp, and ciy (or S) may be expected to 
be the rule. A positive correlation implies that the subject’s 
consumption reduces most the consumption of competitors 
whose contribution to its inclusive fitness is thereby reduced 
least. As g,(x) is a law of diminishing returns, this will tend to 
increase optimum consumption and, under equation (4), to 
reduce optimum efficiency. Such an effect might be produced by 
a social system such as a pecking order in which the lowest 
members (least productive) are most affected by vagaries in 
consumption by those higher in the order. Hence, other things 
being equal, such a structure would be expected to be associated 
with lower population efficiencies. A spatial effect would be a 
common source of the converse, negative correlation, tending to 
raise optimum efficiency. For many organisms, consumption will 
tend to decline away from some ‘centre of activity’. Competitor 
relatedness may be expected to decline similarly’; hence, the 
subject’s consumption affects most that of those whose contri- 
bution to its inclusive fitness is most sensitive. 

The negative relation of g;(x) to g,(x) facilitates qualitative 
understanding of the implications of equation (3). For example, 
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it may be recognized that increased levels of relatedness 
- between the individuals of a population will tend to reduce their 
optimal consumption, increasing their optimal net efficiency (the 
extent to which any one achieves this optimum depends, of 
course, on its competitors). Similarly, it may be seen that a 
reduction in the general level of individual consumption itself 
reduces the optimum level for any one. This immediately implies 
that it is adaptive for consumption to decline with increasing 
density of related competitors. Under equation (10), subsuming 
equation (5), the decline would be hyperbolic. Declines of this or 
a similar form have been reported for some predators® and, 
equating hosts with the resource and oviposition with potential 
consumption, they are well known for insect parasitoids’. 

Parasitoids have also been found to emigrate in response to 
the presence of conspecifics®; as well as acting as a constraint on 
optimal consumption, the necessary relation of competitor 
numbers to individual consumption which is imposed by an 
overall resource limit implies that these may themselves be 
optimized. Thus, in the situation to which equation (9) applies, if 
it is further assumed that p; is a constant, pe and that g,(x) is the 
same for all i<n (i# y), then, from the point of view of any 
individual, there is an optimum density of competing relatives 
when g'(p.) = g(p-)/pe. Where g(p.)/p. may be interpreted as 
the gross efficiency of net reproduction per unit of consump- 
tion®. As p. 20 and g"(p.)<0 the implication is that this is 
maximized. Territoriality might be interpreted as the result of 
selection under some such relation for a population density 
which would be optimal for all competing individuals, although 
within which each will compete to increase its resource share in 
the manner indicated by equation (9). 

Although a decline in the net efficiency of growth or 
reproduction at high consumption rates occurs widely’”'*, there 
are exceptions’’. These might indicate species for which, in 
response to the kind of coincidence of interests just outlined, it is 
the density of related competitors rather than their individual 
quotas which tends to vary with resource abundance, and for 
which there is an (evolutionary) expectation that a superfluity of 
resource will be utilized by an influx of related individuals, that 
is, inbreeding species exploiting idiosyncratic resources. In these 
cases, selection might act to produce an ingestive ceiling 
sufficiently low to veil the putative decline in efficiency. 

It is the essence of these arguments that whereas in heavily 
outbreeding species selection will tend to maximize personal 
fitness, in more inbreeding ones personal fitness will tend to be 
sacrificed for increased ‘population fitness’. It has been argued 
that species so adapted can only succeed if they have a fugitive 
way of life’®, So, if the demands of inter- and intraspecies 
selection are to be reconciled, an association between this mode 
of existence and relative inbreeding would be expected; such an 
association seems to be found’®°. In view of this, the relations 
derived here imply in addition that fugitive species will tend to 
exhibit higher net efficiencies of net reproduction per unit of 
resource depletion. 


. 
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Conformational analysis has resulted in the design and synthesis 
of somatostatin analogues which show increased duration of 
action’. The introduction of covalent conformational con- 
straints and elimination of amino acids that are not required led 
to the synthesis of the highly active bicyclic analogue 1, 
cyclo(Aha-Cys-Phe-D-Trp-Lys-Thr-Cys)*’, which showed 
potency equal to or greater than that of somatostatin for the 
inhibition of growth hormone release in vitro and in vivo, as well 
as for the inhibition of glucagon and insulin release in vivo (Aha, 
‘7-aminoheptanoic acid). These results suggested that the amino 
acids -Phe-D-Trp-Lys-Thr- of this analogue and the cor- 
responding residues 7-10 of somatostatin contain all the ele- 
ments necessary for the expression of the above biological 
activities, and that the fragment -Cys-Aha-Cys- serves as a 
conformational constraint, allowing the tetrapeptide to attain a 
bioactive conformation. It was concluded that such constraint 
also results in the observed reduced susceptibility to metabolism 
by peptidases such as trypsin and has permitted both a long 
duration of action and oral activity*’. If the sole purpose of the 
-Cys-Aha-Cys- sequence is indeed only conformational con- 
straint, then it should be possible to design alternative, simpler 
constraining moieties. We have used a computer modelling and 
graphics system“ to examine possible alternative molecular 
fragments and report here the synthesis of a highly active cyclic 
hexapeptide analogue of somatostatin. 

Proton NMR studies have resulted in a precisely defined 
model for the solution conformation of I (refs 2, 5), Because of 
the diminished molecular flexibility of this molecule, it has been 
proposed that this model may also be close to the ‘bioactive 
conformation’ (ref. 2). Using these defined coordinates and the 
Merck computer modelling system, analogue I was divided at 
the bonds indicated in Fig. 1, eliminating the -Cys-Aha-Cys- 
portion and leaving the tetrapeptide fragment in the ‘bioactive 
conformation’. Various bridging units were examined as possi- 
ble choices to tie together the free ends of the tetrapeptide unit. 
Visualization of this process was aided by the use of a structure 
superposition program in the Merck Molecular Modelling 


N y H 
6 N ka 
6 N è $ 
g CE p 


S 
4 d A NH 
N N 
HAN SAN: 
0 f H 6 
OH 


Fig. 1 Cyclo(Aha-C¥s-Phe~p-Trp-Lys- Thr-Cys) 1, an analogue 

of somatostatin which shows high biological potency. For computer 

studies of alternate bridging groups, the molecule was separated at 
the bonds marked by the arrows. 
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Table 1 Characterization of somatostatin analogues (cyclo(A-B-Phe-p-Trp-Lys-Thr)) 











Amino acid analysis Inhibition of growth 
Compound Purity hormone release 
A B A B Phe Trp Lys Thr lale HPLC ê Lys y-CH2 (relative potency) 

1 Ala Pro 1.00 102 103 0.98 1.04 0.92 -107.0 98 0.39, 0.55 0.06 (0.03, 0.12) 

2 Pro Pro man 2.02 0.99 0.95 0.99 099 -171.6 97 0.33, 0.53 0.008 (0.003, 0.02) 

3 bD-Ala p-Pro 0.99 0.99 0,99 _ 1.00 1.02 — 100 0.2-0,7* 0.006 (0.003, 0.01) 

4  D-Ala Pro 0.99 1.05 1.00 0.98} 0.97 0.99 ~61.8 93 0.30, 0.45 <0.002 

5 Pro Ala 1.02 100 098 0.92} 1.00 1.02 ~83.9 97 0.23, 0.45 <0.002 

6 Pro D-Ala 1.03 1.02 1.00 1.06¢ 1.03 0.96 -12.6 96 0.43, 0.60 <0.002 

7 Aib Pro 1.04 101 099 0.857 100 098 -25.5 88 0.20, 0.43 <0.002 

8 Phe Pro — 0.97 2.04 0.97 0.99 1.03 -23.6 98 0.40, 0.55 1.74 (1.31, 2.32) 

9 Phe Phe _ — 2.98 —— 0.99 1.04 -56.9 93 0.23, 0.44 0.27 (0.22, 0.33) 
10 Phe D-Phe -l _ 3.04 0.93 0.99 1.03 —21.5 95 0.59, 0.68 0.22 (0.20, 0.25) 
il D-Phe Pro — 1.00 199 085 100 0.99 ~80.14 96 0.30, 0.44 <0.002 
12 Pro D-Phe 0.97 — 2.01 0.84} 0.99 102 -27.4 99 0.45, 0.61 0.03 (0.03, 0.03) 
13 D- D-Pro _ 1.05 196 087 098 1.01 -17.7 93 0.56, 0.71 <0.002 
I Cys Aha Cys pe a = 0.32, 0.48 1.24 (0.81, 1.88% 


For optical rotation, c = 1 in methanol. Reverse phase chromatography was used to estimate purity from the area under the curve of the UV trace at 
either 210 or 280 nm. Amino acids were analysed after hydrolysis for 20 h in 6 M HCl at 110°C. Inhibition of spontaneous growth hormone release 
was evaluated by incubation of isolated pituocytes with somatostatin or analogue at graded doses (at least 6 doses per analogue) ranging from 
107'°-1075 M. Three replicate plates were used at each dose level, After 4h incubation, growth hormone levels released into the medium were 
determined by a double antibody radioimmunoassay for rat growth hormone. Potency of the analogues relative to somatostatin (= 1) were calculated 
using a relative potency formula for parallel line bioassays’”. 95% confidence limits are given in parentheses. This bioassay is essentially as has been 
described elsewhere'*. The EDso for somatostatin in this test is 5x 107° M. 

* Two conformers. 

t By UV. 

to=2, 


System called ‘COMPARE’ (ref. 4; Fig. 2). Among the molecu- indicated in Fig. 2, two of which were not defined in the study of 
lar fragments examined for completion of the ring were acetyl the solution conformation of I (ref. 2). 


dipeptide methylamides in the conformations defined for the A reasonable match in some cases led us to prepare a number 
various types of 6-turn®. The resulting structure is a cyclic of cyclic hexapeptides having the general structure cyclo(A-B- 
hexapeptide having two @-turns, a common structural occur- Phe-D-Trp-Lys-Thr) where A and B were chosen to fita variety 


rence as indicated by X-ray studies of cyclic hexapeptides’”®. A of B- turns either because they have been observed to be part of a 
least-squares fit of the terminal overlapping atoms (two atoms at B-turn in some X-ray study or because we thought they would 
one end, three at the other) was carried out without allowing any be compatible with one or more of the proposed turn types. 
bond rotations. Fits ranging in average deviation from 0.38 to Alanine, rather than amino acids with more complex side chains, 
0.61 A were obtained for the six B-turns of types I-HI and was used in combination with proline in our early analogues, on 
'-III', Better matches were attained (deviation as low as 0.10- the assumption that the sole purpose of the A-B unit is con- 
0.31 A) by allowing some rotation about the bond angles formational constraint. 
The cyclic hexapeptides were prepared as outlined below: 


H-D-Trp-Lys(2CIZ)-Thr(Bzl)-Phe-Pro-Phe-O® 


[pant 


H-D-Trp-Lys(2CIZ)-Thr(Bzl)-Phe-Pro-Phe-NHNH, 


(1) iamyl nitrite 
(2) dilute 1 mg mi! 
(3) base 

(4) HF 


cyclo(D-Trp-Lys-Thr-Phe-Pro-Phe) 


The linear peptides were prepared by the solid phase method on 
a Beckman 990 peptide synthesizer using a protocol described 
elsewhere’. The cyclization procedure also follows basically the 
procedure described for other cyclic peptide analogues of 
somatostatin’. The analogues were characterized as shown in 
Table 1. In addition to a consistent amino acid analysis, each 
compound showed an appropriate NMR spectrum. The position 
of the y- CH; of lysine is given for each compound (Table 1) as 
the unusual upfield shift is indicative of a proximity of the lysine 
and tryptophan side chains, a feature which has been postulated 





Fig. 2 Computer matching of the termini of a tetrapeptide unit as important for biological activity’. Proximity of the two side 
and an acetyl dipeptide-N-methylamide unit having the con- chains was achieved in all the cyclic hexapeptides which suggests 
formation of a type 3 B-turn. The tetrapeptide unit has the a similar conformation in this region of the various peptides. 


conformation suggested for the -Phe-p-Trp-Lys-Thr- portion of 


passa A : ach analogue was evaluated for inhibition of the release of 
the proposed bioactive conformation of somatostatin analogues’. Eacha £ 


; ; i in, glucagon and growth hormone’. The results for inhibi- 
- fit of the atoms marked by an asterisk was carried insulin, g rme le res 
A E allowing RA about the bonds tion of growth hormone release in vitro are given in Table 1. (For 


iati i -activi H other bioassays showed 
arked by arrows. The average deviation of the matched atoms in most of the low-activity analogues, a 
eee oe this oe was 0.20 A. no activity at the doses tested.) Table 1 shows that cyclic 
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hexapeptides 1-3 have real activity but only low potency. 
However, even the most active analogue of this group (1) shows 
only 6% the potency of somatostatin. We considered that this 
low potency was due to elimination of an important contributor 
to receptor binding rather than a failure to attain the correct 
conformation for the bioactive tetrapeptide fragment. The most 
reasonable possibility was that we had eliminated a hydrophobic 
binding element. We therefore prepared several analogues 
incorporating phenylalanine rather than alanine in the A-B 
dipeptide unit (compounds 8-13 of Table 1) including an 
analogue (9) which constitutes cyclization of the sequence 6-11 
of [D-Trp*] somatostatin. Most striking is the inhibition of 
growth hormone release in vitro by analogue 8 compared with 
that of analogue 1 (Table 1); the former is almost twice as potent 
as somatostatin and 29 times as potent as 1 on a molar basis. This 
in vitro test comes closest to measuring binding affinity as 
enzymatic inactivation is likely to be minimized. The fact that 
circular dichroism:spectra of 1 and 8 in the region. 490-250 (Fig. 
3) are very similar indicates that these two molecules have a 
similar peptide backbone conformation and suggests that the 
higher activity of 8 results from interaction of the additional 
benzene ring with receptors. 

The PMR spectrum of 8 shows features indicative of a high 
degree of molecular rigidity in the backbone and side chains. A 
solution conformation has been derived which will be reported 
elsewhere. The molecular rigidity seems to have lowered the 
susceptibility of this molecule to the action of trypsin, as was 
observed for I. Analogue 8 is cleaved by trypsin only slowly, at 
about the same. rate as that of I in identical conditions”. The 
special importance of proline to the high potency of the cyclic 
peptide 8 is seen by comparison with 9. The increased potency of 
8 seems to be due to the presence of the N-substituted cyclic 
amino acid not present in 9, probably through an influence on 
the conformation of the cyclic hexapeptide. The altered circular 
dichroism of 9.in the region of amide bond absorbance (200- 
250 nm) supports this conclusion (see Fig. 3). 

The in vivo potency (by weight) of 8, relative to somatostatin, 
for inhibition of growth hormone release in rats stimulated by 
pentobarbital is ~20-25 (see Table 2 legend for method). 
(Variability in this. test precludes evaluation of 95% confidence 
limits.) Potency (by weight), relative to somatostatin, for inhibi- 
tion of insulin release is 5.2 (2.4,11), and for inhibition of 
glucagon release is 8.0 (1.4, 60.2) as measured in the urethane- 
anaesthetized rat. (Inhibition of insulin and glucagon release 
was measured, relative to somatostatin (= 1.0), by the ability to 
decrease the blood levels of glucagon and insulin in urethane- 
anaesthetized rats as described elsewhere’. Saline or peptide 
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Fig. 3 Circular dichroism spectra of cycio(Phe-Pro-Phe-p-Trp- 
Lys-Thr) 8 (——); cyclo(Ala-Pro-Phe-b-Trp-Lys-Thr) 1 f---); 


and cyclo(Phe-Phe-Phe-p-Trp-Lys-Thr)” (~~~) All spectra 
taken in phosphate buffer pH 7.4. 


were given by the external jugular vein end blood samples were 
taken 5 min later via the portal vein. Insulin and glucagon levels 
in the plasma were measured by radioimmunoassay.) 

The duration of action of 8 is much longer than that of 
somatostatin and is comparable with that of the bicyclic peptide 
I, as shown by the inhibition of stimuiated growth hormone 
release 5 h after subcutaneous (s.c.) injection (Table 2). We have 
shown that somatostatin does not reduce growth hormone levels 
75 min after a 250 wg per kg s.c. dose in this same protocol, 
whereas I causes significant reductions 135 min after injection of 
125 pg per kg (ref. 3), In our study, 8 has a duration comparable 
with that of I when evaluated simultaneously (Table 2). Both I 
(500 ug per kg) and 8 (750 pg per kg) show a statistically 
significant reduction in growth hormone levels 5h after s.e. 
administration; 8 is also effective in inhibiting the release of 
growth hormone 1 and 3 h after oral administration.(25 mg per 
kg) in this same test system (Table 2), There was no suppression 





Table 2 Inhibition of growth hormone release by somatostatin analogues in vivo 





Compound 


None 

I Cyclo(Aha-Cys-Phe-p-Trp-Lys-Thr-Cys) 
I Cyclo(Aha-Cy: -Phe-D-Trp-Lys-Thr-Cys) 
.I Cyclo(Aha-Cys-Phe-p-Trp-Lys-Thr-Cys} 
8 Cyclo(Pro-Phe-p-Trp-Lys-Thr-Phe) 

8 Cyclo(Pro-Phe-p-Trp-Lys-Thr-Phe) 

8 Cyclo(Pro-Phe-p-Trp-Lys-Thr-Phe) 
None 

8 Cyclo(Pro-Phe-p-Trp-Lys-Thr-Phe) 
None 

8 Cyclo(Pro-Phe-b-Trp-Lys-Thr-Phe) 
None 

I Cyclo(Aha-Cys-Phe-b-Trp-Lys-Thr-Cys) 





Growth hormone 


Dose Route of Time 
(ug per kg) administration (ng mf 2 th} 

m S.C. 3534130 5 
125 s.c. 5344300 5 
250 s.c. 221 +123 5 
500 s.c. 31471* 5 
250 s.c. 207 £49 5 
500 S.C, 470% 222 3 
750 S.C. 927* 5 
— p.o. 1,064 £177 3 
25,000 p.o. 99 + 854 3 
_ p.o. 1,1244341 i 
25,000 p.o. 944i l 
— p.o. 1,128 +338 1 
25,000 p.o. 1404488 1 








Inhibition of pentobarbital-stimulated growth hormone release was measured essentially according to a procedure described elsewhere’. Male 
Sprague-Dawley rats (190-200 g) were given saline or compound either subcutaneously (s.c.) or orally (p.o.). After the designated time period, 
sodium pentobarbital was given i.v. and 15 min later the rats were bled from the orbital sinus and the plasma assayed for growth hormone content by 
radioimmunoassay. The data are expressed as the mean +s.e.m. (6 rats per group). The control is given for each experimental run. 

*P<0.05; t P<0.001; ł P<0.01; § P< 0.02. 
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when somatostatin was given orally at this dose, even after a 
shorter time interval (1h), whereas the bicyclic analogue I 
showed statistically significant suppression of growth hormone 
release 1 h after oral administration at this dose, but not after 
2h. 

Thus, a highly active and long-acting cyclic hexapeptide 
analogue of somatostatin has been designed by replacing 9 of the 
14 amino acids of somatostatin with a single proline. The long 
duration of action of this analogue could render this compound 
class valuable in tests of the potential application of somatos- 
tatin-like compounds in the treatment of juvenile diabetes'®”!, 

We thank Drs Peter Gund and Graham Smith for help with 
computer studies and Susan Bergstrand for technical assistance. 
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Oestradiol and progesterone regulate feminine reproductive 
behaviour in rodents, Their administration induces changes of 
biosynthetic activity in the hypothalamus’, one of which—the 
induction of progestin receptors—is correlated with the 
induction of sexual receptivity”, conveniently indicated (in the 
rat) by the lordosis reflex of the mounted female. We have 
attempted to define what might be considered as a minimal 
regime of oestradiol administration—one which is just 
‘sufficient’ for activating the lordosis reflex—and have used this 
paradigm to measure associated changes in nuclear oestrogen 
(NOER) and cytosol progestin (CPRs) receptors in the medio- 
basal. hypothalamus—preoptic area (MBH-POA) of the rat 
brain. We find that two 1-h exposures to oestradiol are sufficient 
to induce the lordosis reflex and to increase significantly CPRs in 
the MBH-POA. An essentially discontinuous pattern of 
NOERs in MBH-POA can promote these changes. 

Female rats ovariectomized for 5~7 days were fitted with 
5-mm silastic capsules containing oestradiol, which produced 
physiological levels of the hormone in serum‘. For behaviour, 
each female was assigned to a separate mating group of 5-10 
animals. Females received 10 mounts by male rats 24 h after 
initiation of oestradiol treatment. Four h before testing, each 
female received 500 pg P (subcutaneously (s.c.) in oil). The 
lordosis quotient (LQ) was calculated as: number 
lordoses/number of mounts x 100. Results are means +s.e.m. 


In some behavioural experiments, animals received s.c. 
injections of the protein synthesis inhibitor anisomycin, dis- 
solved 20 mg ml” in saline". For all biochemical studies, four to 
seven samples were used for each observation, each sample 
consisting of MBH-POA regions from two animals. The amount 
of oestradiol bound to nuclear receptors in the MBH-POA was 
determined by using an in vitro exchange assay“. NOERs were 
measured 0.5, 1 and 6h after implantation of oestradiol 
capsules, as well as 3 and 6h after their removal. Results are 
means +s.e.m. CPR levels in the MBH-POA were quantified 
using *H-R 5020 as the radioligand for an in vitro assay’. CPRs 
were measured 24 h after insertion of oestradiol capsules, in the 
absence of exogenous progesterone. CPRs were measured in 
animals not exposed to oestradiol (controls); this binding 
represents a class of CPRs which is not influenced by oestradiol 
administration or withdrawal. CPRs were also determined in 
animals which had received s.c. injections of oestradiol benzoate 
(15 wg daily for 3 days) to induce CPRs to maximal levels. The 
% maximal induction of CPRs was calculated* as: CH-R 5020 
binding in experimental group) minus (H-R 5020 binding in 
control group)/(?H-R 5020 binding in oestradiol benzoate) 
minus (*H-R 5020 binding in control group). 

The effects of oestradiol treatment on sexual receptivity as 
measured by the LO score indicate that a discontinuous 
exposure to oestradiol, in two 1-h segments, is sufficient to 
activate the lordosis reflex. The LO score of animals which 
receive oestradiol continuously for 24 h is 63 + 12 (Fig. 1b) and 
that of animals which receive oestradiol continuously for 6 h is 
equivalent at 24h (Fig. 1c). However, animals which receive 
oestradiol continuously for 3 h are not sexually receptive at 24 h 
(Fig. 1d). Figure 1 (and unpublished data) demonstrates that 
receptivity comparable with 24 or 6 h of continuous oestradiol 
treatment is seen if animals receive only two 1-h segments of 
oestradiol, provided that the second treatment is not less than 4 
nor more than 13 h after the end of the first period (Fig. le, f, h) 
(‘sufficient treatment’). No receptivity is seen in animals which 
receive two 0.5-h segments of oestradiol (Fig. 1g, i) (‘insufficient 
treatment’). 

We studied oestrogen receptor translocation following 
‘sufficient treatment’ and found that retention of oestradiol by 
MBH-POA cells is transient even though this oestradiol treat- 
ment promotes delayed changes in sexual receptivity. These 
results may be summarized as follows: (1) The level of NOERs 
in MBH-POA after 1 h of oestradiol treatment resembles that 
seen after 6h continuous treatment (1h: 228+9 fmol °H- 
oestradiol per mg DNA; 6h: 197+23 fmol *H-oestradiol per 
mg DNA), and represents ~60% of the nuclear oestradiol 
receptor capacity’. (2) A second 1-h period of oestradiol treat- 
ment, beginning 7 h after the end of the first, produces NOER 
levels in the MBH-POA comparable with those seen after the 
first 1-h oestradiol period (data not shown). (3) One hour of 
oestradiol treatment produces at least twice the level of NOERs 
as does 0.5 h of oestradiol treatment (0.5 h: 93411 fmol °H- 
oestradiol per mg DNA). (4) Six hours after removal of Silastic 
capsules, NOER levels in the 1- and 0.5-h treatment groups 
decrease to ~10% and 7% of receptor capacity, respectively. 
Thus, an essentially discontinuous pattern of NOERs in MBH- 
POA is sufficient to activate the lordosis reflex at 24 h. Sufficient 
to activate lordosis was that NOERs in MBH-POA be elevated 
to 60% of their capacity, at both an early and late period, as 
outlined above. Six hours of continuous oestradiol treatment 
can be regarded as sufficient to activate lordosis because this 
paradigm contains two such 1-h periods. 

Two classes of progestin receptors have been identified in the 
rat brain—one which is unaffected by oestradiol treatment, the 
other induced by oestradiol (ref. 8). Although the physiological 
significance of these two classes of progestin receptors is unclear, 
note that oestradiol induces progestin receptor synthesis in 
those areas of the brain known to mediate feminine reproduc- 
tive behaviour, the MBH and POA. Moreover, a ‘threshold 
level’ (25-35% maximal induction) of oestrogen-inducible 
CPRs in the MBH-POA has been shown to be correlated with 








0028-08 36/81/270058—02$01.00 


© 1981 Macmillan Journals Ltd 


Nature Vol. 292 2 July 1981 








the appearance and disappearance of sexual receptivity’. We 
used several temporal paradigms of oestradiol treatment to 
study inducible CPRs in the MBH-POA, and found that 
sufficient treatment significantly elevates inducible CPRs to 
threshold levels in these brain regions. In animals which receive 
oestradiol continuously for 24 h, CPRs in MBH-POA increase 
from an unstimulated level of 8.1+0.3 to an induced level of 
12.7+0.7 fmol °H-R 5020 per mg protein. This increase of 
approximately 4.6 fmol °H-R 5020 per mg protein represents a 
34% maximal elevation in oestrogen-inducible CPRs, an 
increase to threshold levels (Fig. 15). In animals which receive 
oestradiol continuously for 6h, CPR levels in MBH-POA 
increase from an unstimulated level of 8.1+0.3 to an induced 
level of 11.8 + 1.2 fmol 7H-R 5020 per mg protein. This increase 
of ~3.3 fmol °H-R 5020 per mg protein represents a 28% 
maximal elevation in oestradiol-inducible CPRs, also an 
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Fig. 1 The effects of oestradiol (OE) and anisomycin (ANI) on 
the lordosis quotient (LQ) and on the induction of cytosol progestin 
receptors (CPRs).in the mediobasal hypothalamus-preoptic area 
(MBH-POA) of the female rat. Biochemical results are expressed 
as % maximal induction (see text). For behaviour, animals were 
tested with an experienced male 24h after the initiation of 
oestradiol treatment. Four hours before testing, each animal 
received 500 ig progesterone (s.c. in oil). In some behavioural 
experiments, animals. received s.c. injections of the protein 
synthesis inhibitor, anisomycin, dissolved 20 mg ml” 1 in saline. For 
CPR measurements, animals were killed 24 h after the insertion of 
Silastic capsules. No. exogenous progesterone was given before 
death. The temporal paradigms for these experiments are 
described below. a, No OE,, control group; b, OE2 0-24 h; c, OE2 
0-6h; d, OE, 0-3 h; e, OE, 0-1 h and 5-6 h; f, OE; 0-1 h and 
8-9 h; g, OE, 0-0.5 h and 8.5-9 h; h, OE2 0-1 h and 14-15 h; i, 
OE, 0-0.5h and 14.5-15h; j, OE, 0-1h and 8-9h, ANI at 
—0.25 h; k, OE, 0-1 h and 8-9 h, ANI at 8.75 h; |, OE3 0-1 h and 
14-15 h, ANI at 8h; m, OE, 0-1 h and 8-9 h, ANI at 15h. We 
conclude that a discontinuous exposure to estradiol, in two 1-h 
segments, is sufficient to activate the lordosis reflex and to increase 
CPRs in the female rat. ANI experiments demonstrate that protein 
synthesis essential for the activation of the lordosis reflex occurs 
during the period bounded by and including these two 1-h seg- 
ments of*OE, treatment. CPR levels are (fmol 3H-R 5020 per mg 
protein): a, 8.1+0.3; b, 12.740.7; c, 11.84 1.2; d, 10.3+0.7; f 
13.3+1.1; g, 10.020.6. CPR levels in animals which receive 
oestradiol benzoate for 3 days before death (15 jg per day) are 
21.14 1.2 fmol °H-R 5020 per mg protein. 





* LQ scores in groups a-m were compared with each other using 
a one-way analysis of variance. A significant treatment effect was 
seen (F = 11.21, P< 0.01). Comparisons of individual means using 
the Newman—Kuels tests revealed that groups b, c, e, f and h were 
statistically different from the control group (P <0.01). 

+ Cytosol progestin receptor levels in groups a-d, f and g were 
compared with each other using a one-way analysis of variance. A 
significant treatment effect was seen (F=4.91, P<0.05). 
Comparisons of individual means using the Newman—Kuels tests 
revealed that groups b, c and f were significantly different from the 
control group (P < 0.05). 








increase to threshold levels (Fig. 1c). However, animals which 
receive oestradiol continuously for 3 h do not show threshold 
levels of oestradiol-inducible CPRs at 24 h (Fig. 1d); CPR levels 
in MBH-POA are 10.3+0.7 fmol *H-R 5020 per mg protein. 
CPR elevation comparable with 24 or 6h of continuous 
oestradiol treatment is seen in animals which receive only two 
1-h segments of oestradiol, as outlined above (sufficient treat- 
ment). CPRs in this group increase from an unstimulated level of 
8.1+0.3 fmol °H-R 5020 per mg protein to an induced level of 
12.3+1.1 °H-R 5020 per mg protein. This increase of ~4.2 
fmol *H-R 5020 per mg protein represents a 32% maximal 
elevation in oestradiol-inducible CPRs, an increase to threshold 
levels (Fig. 1f). Threshold levels of oestrogen-inducible CPRs 
are not seen in animals which receive two 0.5-h segments of 
oestradiol (Fig. 1g); CPRs in these animals are 10.0+0.6 fmol 
3H-R 5020 per mg protein at 24h. We conclude that a dis- 
continuous exposure to oestradiol, in two l-h segments, is the 
minimum period of oestradiol treatment used which is sufficient 
to elevate inducible CPRs to threshold levels in the MBH-POA 
of the female rat. Recent work using two widely spaced (14 h) 
intravenous injections of oestradiol to elevate CPRs supports 
the notion that a discontinuous oestradiel signal can trigger CPR 
formation in brain and pituitary'®. These data are consistent 
with, but not proof of, the concept that one of the neurochemical 
events mediated by oestradiol which accompanies the activation 
of behavioural receptivity is the induction of CPRs in the 
MBH-POA. 

We also used anisomycin to demonstrate the time course of 
the oestradiol-induced changes in protein synthesis which are 
essential for the activation of the lordosis reflex. It has been 
shown previously that anisomycin (100 mg per kg) substantially 
inhibits protein synthesis in the MBH and POA of the female rat 
for 4h after administration’. If anisomycin (100 mg per kg) is 
given 15 min before the first (Fig. 1/), 15 min before the second 
(Fig. 1k), or between the two 1-h segments of oestradiol treat- 
ment (Fig. 1/), almost no receptivity is seen at 24 h, However, if 
the inhibitor is given 6 h after the second period of oestradiol, no 
significant decrease in LQ is observed at 24 h (Fig. 1m). These 
data demonstrate that at least a large portion of the protein 
synthesis essential for the activation of the lordosis reflex is 
completed within 6 h after termination of the second segment of 
oestradiol. 

The kinetics of oestradiol stimulation of uterine development 
have been studied by other investigators and offer parallels to 
our present findings. Anderson and co-workers'' found that 
oestradiol is retained by uterine neclei for many hours, whereas 
oestriol is cleared rapidly. Harris and Gorski’* showed that 
although multiple injections of oestriol were as effective in 
stimulating DNA synthesis at 24h as a-single injection of 
oestradiol, not all the oestriol injections were required. They 
suggested that the requirement for oestrogen was not continu- 
ous throughout the first 12-15 h, but only at critical phases in the 
response cycle. Our results suggest that there may also be a 
discontinuous requirement in brain for oestradiol to activate the 
lordosis reflex. The appearance of sexual receptivity in the 
female rat may be determined not only by an initial period of 
oestrogen-stimulated protein synthesis , but also by a later phase 
which may be initiated 5-14h after the prerequisite initial 
oestradiol exposure. 
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Despite differences in initiating events and pathophysiology, the 
aetiological agents of all autoimmune diseases are lymphocytes 
specifically reactive against normal constituents of the indivi- 
dual. Recently we have isolated and grown as a cell line rat T 
lymphocytes reactive against myelin basic protein (BP)'. This 
T-cell line originated from rats in which we had induced 
experimental autoimmune encephalomyelitis (EAE) by 
immunizing them against BP. Inoculation of syngeneic rats with 
the T-cell line led to the relatively rapid onset of EAE’. We 
report here that attenuation of this cell line provides an agent for 
establishing resistance to induction of active EAE. Intravenous 
(i.v.) inoculation of syngeneic rats with cells of the line attenu- 
ated by treatment with irradiation or mitomycin C augmented 
resistance to EAE caused by an encephalitogenic challenge with 
BP. Thus, aetiological agents of autoimmune disease, like those 
of microbial disease, when suitably attenuated can be used as 
effective vaccines. 

EAE can be induced in susceptible animals such as rats, 
guinea pigs, rabbits, monkeys? or man’ by injecting them with 
BP emulsified in an adjuvant such as complete Freund's adju- 
vant (CFA). In Lewis rats the disease is characterized by paraly- 
sis that is most marked in the tail and hind limbs and which starts 
usually ~12 days after a single injection of BP in CFA. Histo- 
logically the central nervous system shows perivascular 
infiltrates of mononuclear cells’. Unless the rats are aged or have 
undergone splenectomy or thymectomy” they recover spon- 
taneously from clinical paralysis after a number of days. To 
study the pathophysiology of EAE we have isolated and pro- 
pagated in vitro a line of Lewis rat T lymphocytes that reacts only 
against BP, designated Zia (ref. 1). We found that i.v. inocula- 
tion of as few as 10° cells of the Zla line led to the onset of 
paralysis in ~4 days. Inoculation of 10° or more cells produced 
paralysis in ~2~3 days. Most rats recovered from this form of 
EAE if properly nursed during their paralysis. Table 1 shows the 
specificity of the proliferative response of the anti-BP Z1a line 
compared with that of the Z1c line which had been selected for 
its reactivity against another antigen, the purified protein 
derivative (PPD) of the mycobacteria present in CFA. The cells 
of each line responded to its specific antigen, and were also 
activated by the T-cell mitogen concanavalin A (Con A). 
Essentially all the cells in both the Z1a and Z1c lines proved to 
be positive for a T-cell marker using a specific monocional 
antibody (Sera-lab, UK; clone W3/13 HLK) in an 
immunofluorescence assay’. 

We investigated the effect of attenuating the Zla line by 
inhibiting its cell division. Table 2 shows that i.v. injection of 
1x10’ untreated cells of the Zia line into syngeneic Lewis rats 
produced EAE in 18 of 20 rats within 2-3 days. Irradiation of 
the cells with 1,500 rad or treatment with mitomycin C, agents 
that block cell division, abrogated the ability of these cells to 
cause EAE. None of 25 rats that received Z1a cells treated in 
this way developed EAE. Furthermore, inoculation of 
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Table 1 Anti-BP and anti-PPD T-cell lines are immunospecific 





Proliferative response (c.p.m. x 107? +s.d.) 


T-cell line No antigen BP PPD Con A 
Anti-BP (Zia)  1.7+0.3 48.7+6.1 1.9+40.4 71.449,2 
Anti-PPD (Zic) 1.4+0.7 1.2+0.4 77.9410.4 82.3412.7 


ria ee 
The Zla and Zic cell lines originated from the same draining lymph 
node cell population obtained from female Lewis rats immunized with 
BP in CFA as described elsewhere’. To develop the cell lines, Lewis rats 
were injected in each footpad with 0.05 ml containing BP (25 yg, 
extracted from guinea pig spinal cords” emulsified in equal volumes of 
phosphate~-buffered saline and CFA containing 4 mg ml”! of Mycobac- 
terium tuberculosis H37Ra (Difco). On day 9, the draining lymph nodes 
were removed and a single-cell suspension prepared. The cells were then 
selected in vitro for BP or PPD by culturing them with either antigen for 
72h. The lymphoblasts that were generated were separated by a dis- 
continuous Ficoll gradient and propagated and maintained in vitro as a 
cell line for several months in medium enriched with T-cell growth factor 
as reported elsewhere’. The proliferative responses of the T-cell lines 
were tested in vitro as follows’. Briefly, 2.5 x 10° cells of either Z1a or 
Zic cells were cultured in quadruplicates in flat-bottom microtitre wells 
in 0.2 ml of Eagle’s medium supplemented with 1% fresh autologous rat 
serum, 2-mercaptoethanol (5 x 107° M), L-glutamine (2 x 107? M) and 
antibiotics (streptomycin and penicillin) with added irradiated 
(1,500rad) normal syngeneic lymph node cells as accessory cells (5 x 10° 
cells ml!) and antigens, BP (50 ug ml”'), or PPD (25 pg ml”; Staten 
Serum Institut) or Con A (2.5 ug mi” !: Miles-Yeda, Israel). After 24h 
the cultures were pulsed with “H-thymidine (1 «Ci per well, specific 
activity 10 Ci mmol”; Nuclear Research Centre, Israel) for 16h. The 
cells were then collected on glass fibres using an automatic collector and 
thymidine incorporation measured in a liquid scintillation counter. 


untreated cells of the Zic line also failed to induce EAE. Thus, 
induction of EAE is a function of the specific anti-BP Z1a line, a 
property lost after irradiation or treatment with mitomycin C. 

We then tested whether inoculation with cells incapable of 
inducing EAE could affect the susceptibility of rats to active 
induction of EAE by later challenge with BP in CFA. Table 3 
shows that untreated Lewis rats were highly susceptible to 
induction of EAE on injection with BP in CFA; 69 of 71 rats 
developed disease. Intravenous inoculation of cells of the Zic 
anti-PPD line, either untreated or irradiated, did not affect this 
susceptibility and EAE was induced in all 20 rats challenged 
with BP in CFA. In contrast, a single i.v, injection of 1x 10’ Zla 
cells attenuated by treatment with mitomycin C or irradiation 
led to significantly increased resistance to induction of EAE. 
Only 14 of a total of 40 rats showed any signs of paralysis and the 
degree of the paralysis in these rats was judged to be much 
milder than that appearing in the other groups. Thus it seems 
that vaccination with attenuated autoimmune T lymphocytes 





Table 2 Attenuated T lymphocytes of the Zla anti-BP line do not 
produce EAE 





Inoculation of T-cell liges 


Line Treatment Incidence of EAE 
Anti-BP (Zla) Untreated 18/20 
Irradiated 0/15 
Mitomycin C 0/10 
Anti-PPD (Zic) Untreated 0/20 





Healthy female Lewis rats (2-3 months old) were injected i.v. with 
1x10’ cells of T-lymphoblast cell lines specifically reactive against BP 
(Zla) or PPD (Z1c). Before inoculating the cell lines into normal 
syngeneic animals, they were re-stimulated in vitro with the relevant 
antigen, in the presence of irradiated (1,500 rad) syngeneic accessory 
cells for 72 h (ref. 1). The cells, > 80% lymphoblasts, were then collected 
and injected, either untreated or attenuated by irradiation (1,500 rad) 
from a Co source, or treatment with mitomycin C (50 pg per 10’ celts 
per ml; Sigma) at 37°C for 40 min. The treated cells were washed 
extensively before being inoculated. EAE was diagnosed clinically by 
overt paralysis of the hind limbs and histologically by perivascular 
mononuclear cell infiltration of the central nervous system’. 
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Table 3 Attenuated anti-BP T-cell line vaccinates rats against 
induction of EAE 





Incidence of EAE 
in response to 
injection of BP 


Vaccination with % Inhibition 


T-cell line in CFA of EAE 
None 69/71 —_ 
Anti-PPD (Ztc) 
Untreated 10/10 0 
Irradiated 10/10 0 
Anti-BP (Zia) 
Irradiated 8/25* 68 
Mitomycin C 6/15* 60 


eee nee NLL NON NNN CLC CCN TNC, 


EAE was induced in'naive Lewis rats (2-3 months old) or in animals 
that had been vaccinated: i.v. 3 weeks earlier with 10’ cells of the 
anti-PPD Z1c T-cell line or with cells of the anti-BP Z1a T-cell line that 
were either irradiated (1,500 rad) or treated with mitomycin C, as 
described in Table 2 legend, EAE was induced by injecting BP in CFA 
into the hind footpads of the animals, as described in Table 1 legend. 

*P<0.001. 


provided protection against active EAE for about 65% of the 
rats. 

We do not know the mechanism by which the attenuated T 
lymphocytes increased resistance to induction of EAE; 
however, it seems reasonable to suspect that some process of 
immunity was involved. The Zla anti-BP lymphocytes probably 
differed from the ineffective Zic anti-PPD lymphocytes in the 
structure of their antigen receptors (Table 1). Antigen receptors 
of T lymphocytes’ as well as of B lymphocytes or antibodies" can 
be immunogenic. Immunity against antigen receptors, anti- 
idiotypic immunity, has been proposed to serve as a mechanism 
that regulates immune responses by suppressing or activating 
specific clones of lymphocytes bearing the target receptors’. 
Vaccination with attenuated Z1a cells might have produced an 
immune response against endogenous clones of lymphocytes 
with anti-BP receptors. As anti-BP clones are the aetiological 
agents of EAE, development of the disease would be inhibited. 
Therefore, our results could be explained by anti-receptor 
immunity raised against the autoimmune lymphocytes that 
mediate EAE. However, other explanations are possible and 
the anti-receptor hypothesis must be tested experimentally. 

Whatever the mechanism of protection, the procedure 
described here can be conceptually related to vaccination 
against infectious diseases in which inoculation of an attenuated 
agent of disease induces a degree of protection against the 
virulent pathogen, In the case of autoimmunity, the aetiological 
agent of disease is not a microbe, but arises within the immune 
system of the individual. Our results indicate that an artificially 
induced autoimmune disease may be mitigated or prevented by 
vaccination .against specific effector lymphocytes. A different 
but related problem is posed by the need to treat the spon- 
taneous, often chronic processes that characterize the important 
autoimmune diseases of man. 

We thank Mr H. Otmy for technical assistance and Professor 
M. Feldman for his support. This study was supported by a grant 
from the Stiftung Volkswagenwerk, Hannover. 
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Immunoglobulins have been identified as membrane-bound 
molecules on the surface of B lymphocytes and as secreted 
products of plasma cells. In the case of immunoglobulin M(igM) 
the carboxy-terminal sequences of the -chains of membrane- 
bound and secreted molecules differ from each other and are 
encoded by different exons of the p constant region (Cj) gene. 
The coding sequence for the C-terminus of the secreted p-chain 
is contiguous with the 3’ end of the Cp4 exon and separate exons 
downstream of Cp4 encode the C-terminus of the membrane- 
bound chaint. Immunoglobulin D is also found membrane- 
bound and as a secreted molecule, and recent data indicate that 
the exon arrangement of the Cô gene is in part similar to that of 
the Cp genet, However, the amino acid sequence analysis 
presented here demonstrates that in the case of D the C 
terminus of the secreted 5-chain is encoded by a separate exon 
(the CSDC exon of Tucker ef al“) and not by the C6AC 
sequence which corresponds topographically to the sequence 
expressed at the C-terminus of secreted p chains. 

The cell line B1-8.61 (IgD, A1) has been isolated as a switch 
variant of the cell line B1-8.64.1 (IgM, A 1) and is of C57BL/6 
origin’, It secretes a monoclonal IgD antibody with specificities 
for the hapten (4-hydroxy-3-nitrophenyl)acety! (NP). Anti-NP 
antibodies from B1-8.81 ascites fluid were purified by affinity 
chromatography®. The heavy chains of these molecules are 
linked to each other and to the light chains by disulphide bridges 
(ref. 6 and unpublished data). After complete reduction and 
carboxyamidomethylation the heavy and light chains were 
eluted from Sephadex G-100 with 4.5 M urea, 1 M propionic 
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Fig. 1 Gel filtration of cyanogen bromide-cleaved peptides of 
4C.carboxyamidomethylated B1-8.61 heavy chain. Cyanogen 
bromide cleavage of 50 mg of the completely reduced and alkyl- 
ated’ heavy chain was performed in 70% formic acid at a concen- 
tration of 10 mg ml”! with a fivefold excess (w/w) of CNBr for 24 h 
at 20°C. The mixture was dried under a stream of nitrogen. The 
peptides were dissolved in 3.5 mi of 0.1 M formic acid containing 
6M deionized urea and applied to a Sephadex G-50 superfine 
column (2 x 200 cm) equilibrated in the same solvent. Fractions of 
3.3 ml were collected and aliquots of 20 ul were used for liquid 
scintillation counting in 5 mi of Bray’s solution ’, Roman numerals 
of the pooled fractions refer to the position of the corresponding 
peptides in the sequence of the B1-8.61 heavy chain as- given in Fig. 
2. Peptide no. III was insoluble in 6 M urea, 0.1 M formic acid, and 
could thus be isolated without chromatographic separation. 
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acid, The isolated heavy chains were treated with cyanogen 
bromide and peptides were separated by column chromato- 
graphy on Sephadex G-50 (Fig. 1). Column fractions containing 
more than one peptide were rechromatographed on either 
Sephadex G-100 or Sephadex G-50, The purified CNBr frag- 
ments of the 6 heavy chain were characterized by end group and 
compositional analysis and carbohydrate and cysteine contents 
(cysteines were labelled with ‘*C-iodoacetamide during reduc- 
tion and alkylation, carbohydrate was detected as glucosamine 
in amino acid analysis). 

The published IgD heavy-chain DNA sequence‘ enabled us 
to identify all constant-region CNBr fragments. They cor- 
respond to the C61, C5H and C83 exons as defined by Tucker et 
al. (Fig. 2). Five of the seven predicted*® carbohydrate attach- 
ment sites carry sugar, except the first proposed site in C81 and 
the second one in C83. The lack of carbohydrate in the first 
proposed site in C51 can be deduced from the absence of 
carbohydrate from CNBr fragment III of the B1-8.61 chain. It is 
known that the sequence asparagine—phenylalanine-threonine 
is not necessarily used as a carbohydrate attachment site’. 
However, our determination of radioactive iodoacetamide 
incorporation (data not shown) indicates that the CNBr frag- 
ment III also does not contain the cysteine residue expected in 
position 5 of C61 (Fig. 2). If the 5’ intron-exon junction of C61 
were defined not by the third RNA splice site proposed by 
Tucker et alf but by the fourth site situated 22 nucleotides 
further downstream 1 the C61 domain would be shortened by 
seven amino acids and lack both cysteine and carbohydrate 
attachment site. Alternatively, the lack of these two structures in 
the B1-8.61 CNBr fragment IH could reflect an allotypic 
difference between the 5-chains from C57BL/6 and those of 
BALB/c from which the TEPC 1017 tumour’ originates. 

The protein sequence of the second carbohydrate attachment 
site in C83 is conserved in the B1-8.61 heavy chain, but not used 
for carbohydrate attachment. Neither the predicted C-terminal 
CNBr fragment of the AC-gene segment nor that of the DC- 
exon was identified (Fig. 2). This can be explained by a base pair 
exchange in the corresponding methionine codon, representing 
a sequence difference between B1-8.51 and TEPC 1017 6- 


Fig. 3 Sequence of the C-terminal part of secreted B1- 
8.51 heavy chain. The C-terminal sequence of IgD heavy 
chains from TEPC 1017 and B1-8.61 are aligned to the — 
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Fig. 2 Schematic representation of the CNBr-cleaved 


CSDC peptides in the sequence of the secreted B1-8.51 heavy 


chain. The genomic organization of the C8 gene according 
to Tucker et al.” is given at the top of the figure. The 
translated TEPC 1017 cDNA sequence is schematically 
represented by CNBr-peptides (open boxes). The positions 
of cysteines (black bars) and of putative carbohydrate 
attachment sites (open arrow heads) are indicated. Hypo- 
thetical CNBr-fragments corresponding to a chain which 
would terminate with the AC-segment are shown as dashed 
lines. The alignment of the CNBr-fragments of the B1-8.61 
heavy chain is given in the lower part of the figure. Align- 
ment of peptides I-III is according to Bothwell et al.*!, No 
carbohydrate was found in peptide III and in the N-terminal 
tryptic peptide of X. Peptide III contains only one cysteine. 


chains. If the AC-gene segment were expressed in the secreted 
form of the 6 heavy chain the loss of the cyanogen bromide 
cleavage site would result in a new CNBr fragment containing 
four cysteines. By comparing the amount of incorporated 
radioactivity with that of other cysteine-containing peptides, the 
CNBr fragment X, the only candidate for the C-terminus, was 
found to contain only two cysteines. This would be expected if 
the DC-segment is expressed in the secreted B1-8.81 heavy 
chain. 

Tryptic peptides of this CNBr fragment were separated on 
Sephadex G-50 in 0.5 M formic acid and further analysed by 
automated Edman degradation. The sequence of the C-terminal 
27 amino acids is presented in Fig. 3. The sequence data clearly 
show that the C-terminus of the secreted B1-8.61 heavy chain is 
encoded by the CSDC exon. The sequence of the C-terminus is 
identical to that predicted by the sequence of the TEPC 1017 
cDNA in the C-terminal 5 amino acid positions of C83 and the 
first 13 positions of CSDC. The last nine residues of the B1-8.51 
heavy chain do not fit the predicted sequence at all. This 
problem can be resolved, however, by exchanging in the TEPC 
1017 DNA a single base pair and inserting another one (note 
that both changes occur in the upper part of a possible hairpin 
structure). The resulting frameshift generates the B1-8.61 C- 
terminal heavy-chain sequence. 

It is now clear that the difference between the cDNA-derived 
TEPC 1017 C-terminal 5-chain sequence and the sequence of 
the B1-8.51 chain C-terminus is not due to genetic poly- 
morphism. Tucker et al.® have very recently isolated the CODC 
exon from BALB/c liver DNA and found that it encodes an 
amino acid sequence identical, to that expressed in the C- 
terminus of the B1-8.51 chain. Thus, the TEPC 1017 tumour 
line has either accumulated somatic mutations in the Cé gene or, 
more likely, the difference between cDNA and germ-line gene 
sequences is due to errors in DNA~RNA or RNA-DNA tran- 
scription. Taken together, our results show that the C-terminus 
of the secreted 6-chain is encoded by the CDC exon and that 
CéAC-encoded sequences are not expressed in the secreted 
6-chain, B1-8.61 cells also carry IgD on the surface and the 
surface-bound 6-chains have a higher molecular weight than the 





corresponding TEPC 1017 exons and cDNA sequence. The £93 


TEPC 1017 sequence was taken from ref. 5. The B1-8.814 
sequence was obtained by automated Edman degradation 
of tryptic peptides using an updated Beckman 890 B 
sequencer. Degradations were performed in the presence of 
3 mg of the non-protein carrier Polybren'? using a 0.2M 
Quadral program’. Phenylthiohydantoin derivatives 
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obtained after conversion using the Sequemat P6 autocon- 
verter were identified by HPLC’ and TLC. The C- 
terminal nine amino acids of B1-8.61 are different from the 
TEPC 1017 cDNA sequence but not from the sequence 
deduced from the germ-line DNA. The cDNA and germ- 
line DNA sequence differ by one inserted and one 
exchanged nucleotide. A key to the single letter amino acid 
code is provided by Dayhoff’, 
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secreted ones. It seems likely that, as in the case of IgM, the 
C-termini of the two chains differ from each other and an as yet 
unidentified exon encodes the C-terminus of the surface-bound 
6-chain. 

This work was initiated by M. S. Neuberger who also supplied 
the B1-8.51 protein. We thank K. Rajewsky for stimulating 
discussions during the work and preparation of the manu- 
script, and G. Zimmer and K. Neifer for technical assistance. 
This work was supported by the Minister fiir Wissenschaft 
und Forschung des Landes Nordrhein-Westfalen through a 
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Simian virus 40 (SV40) large T antigen is a multifunctional 
protein that is essential for virus replication and the establish- 
ment and maintenence of cell transformation’. The molecular 
basis of these functions probably involves specific interactions of 
T antigen with DNA?“ and cellular proteins. An example of 
such an interaction has been described recently; a significant 
fraction of the T antigen extracted from cell lysates is tightly 
bound to a cellular phosphoprotein of molecular weight 53,000 
(53K)*”. Here we demonstrate in vitro the direct interaction of 
highly purified T antigen (D2 T antigen or SV80 T antigen) with 
53K in lysates from a variety of mouse cell lines, All the 53K 
detected in these lysates was able to bind to added T antigen, and 
it was the only cellular protein with which T antigen formed a 
stable complex. We conclude that 53K binds directly to a specific 
site on T antigen and that binding occurs without previous 
modification and without involvement of other virus-encoded or 
induced proteins. 

The function of 53K is unknown, but several interesting 
properties have been attributed to this protein in addition to its 
association with large T antigen. Transformed cells seem to 
express significantly higher levels of 53K than normal cells*'°. 
Similarly, SV40-infected- mouse or monkey cells synthesize 53K 
more rapidly than uninfected cells”''. Furthermore, lympho- 
cytes freshly prepared from the spleens of young mice express 
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Fig. 1 Binding of purified D2 to 53K in vitro. F9 mouse embry- 
onal carcinoma cells (supplied by P. Goodfellow) were labelled 
with °2P-labelled inorganic phosphate (1 mCi m!”' phosphate-free 
medium) or *°S-Met (1 mCi ml”! Met-free medium) as described 
elsewhere’. Monolayers were washed with phosphate-buffered 
saline and cells lysed in buffer A (2% NP-40, 10 mM Tris, 140 mM 
NaCl, pH 8.0; 4°C for 15 min). These lysates were centrifuged for 
2 min in an Eppendorf microfuge and the supernatants used as a 
source of labelled 53K. D2 protein (1 gof purified protein) were 
added to lysates corresponding to ~2 x 10° F9 cells in 200 pl 
extraction buffer. After incubation at room temperature for 15 
min, 5 pl of preimmune rabbit serum was added and incubated at 
4°C overnight. Rabbit immunoglobulin G (IgG) was removed with 
50 pl of 10% fixed Staphylococcus aureus . The remaining solution 
was immunoprecipitated and immune complexes were washed 
twice in buffer A and twice in 2 M urea, 0.4 M LiCl, 10 mM Tris, pH 
8.0, and subjected to SDS-polyacrylamide gel electrophoresis as 
described elsewhere’®. Tracks a-d are from cells labelled with 
32P_phosphate; tracks e-f are from 35S -Jabelled cells. Track g is a 
molecular weight marker mix. a, 5 pl preimmune rabbit serum, 
b and e, Spl anti-D2 serum; c and f Spl anti-D2 serum in 
the presence of lpg D2 protein. d, anti-S3K serum 
FS (ref. 7), 


detectable levels of 53K only after mitogenic stimulation with an 
agent such as concanavalin A’’. Another interesting obser- 
vation is that some mice bearing $V40-induced tumours raise 
autoantibodies against 53K°". Because 53K synthesized by 
$V40-transformed or infected cells becomes complexed with 
large T we are interested in determining how these proteins 
interact and whether this interaction relates to the role of large T 
in promoting DNA synthesis'*'*, segulating early mRNA 
synthesis'*’” and in cellular transformation (see discussion in 
ref. 1). 

Here we describe investigations of the mechanism of binding 
of SV40 large T with 53K in an in vitro system. We have used the 
adenovirus: $V40 hybrid protein D2 as a convenient source of T 
antigen and have assayed for the ability of purified D2 protein to 
bind radiolabelled 53K in detergent lysates from various cells. In 
early experiments, 3T6 cells were usec. However, the F9 line of 
embryonal carcinoma cells seems to express significantly more 
53K and was therefore used here. 

Purified D2 protein was added to lysates of labelled F9 cells 
and incubated at room temperature for 15 min. It was then 
immunoprecipitated from these lysates using antiserum raised 
against purified D2 protein or with monoclonal antibodies which 
recognize a single determinant on the protein. It is clear from 
Fig. 1 that anti-D2 antibodies immunoprecipitated a 53K 
phosphoprotein from those lysates to which D2 protein had 
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Fig.2 Titration of D2 against 53K, Various concentrations of D2 
protein were added to lysates of *°S-Met-labelled F9 cells. The 
amount of 53K immunoprecipitated by monoclonal antibodies 
against D2 was estimated by cutting the 53K bands from a dried gel 
and counting them in a liquid scintillation system. In these 
immunoprecipitations, monoclonal antibodies which recognize a 
determinant on D2 protein were used. The hybridoma cells which 
produce these antibodies were obtained by fusing spleen cells from 
BALB/c mice bearing $V40-induced tumours with the myeloma 
line P-3-NS1-1Ag-4-1. These mice had been given an injection of 
partially purified T antigen/53K complex 3 days before spleen 
removal. Details of this and other hybridoma cell lines will be 
described elsewhere'”. One of these lines, L21, produces anti- 
bodies directed against 53K", 


been added. In the absence of added D2 protein, no cellular 
proteins were precipitated specifically. Similar results were 
obtained with T antigen purified from $V80 cells. These results 
suggest that the added T antigen binds to labelled 53K in these 
lysates and thus allows its immunoprecipitation by antisera that 
have no detectable activity against 53K itself. The 53K protein 
that seemed to bind to T antigen was not released during 
stringent washing of immune complexes with buffers containing 
0.5% NP-40, 0.4 M LiCl or 2 M urea. In these conditions, no 
other labelled cellular proteins were immunoprecipitated 
specifically in association with T antigen. Thus the complex 
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Fig. 3 V8 protease digestion of 53K. 53K was immunoprecipi- 
tated directly with monoclonal antibodies against 53K (from 
hybridoma clone L21) or indirectly by monoclonal antibodies 
which recognize D2 (clone L7) in the presence of added D2 
protein. Immunoprecipitates were treated as described in Fig. 1 
legend and the 53K bands removed from gels electrophoretically. 
Aliquots of the labelled protein were digested with various 
concentrations of V8 protease and again subjected to SDS- 
PAGE™, 


formed in vitro resembled that extracted from $V40-trans- 
formed 3T3 cells’. We can also conclude that the polypeptide 
sequences which large T shares with small t are not required for 
binding, as these sequences are not represented on D2 protein, 
and that the mutation on SV80 T antigen which destroys its 
ability to initiate SV40 DNA synthesis (Gish and Botchan, 
personal communication) does not affect its ability to bind 53K. 

When increasing concentrations of D2 protein were added to 
a constant volume of F9 cell lysate, the amount of 53K 
immunoprecipitated by anti-D2 antibodies was proportional to 
the amount of D2 T antigen added (Fig. 2). The maximum 
amount of 53K that could be detected by this indirect immuno- 
precipitation assay corrgsponded’ closely to the maximum 
amount that could be immunoprecipitated directly by a mono- 
clonal antibody against 53K. Thus, all the immunologically 


reactive 53K from these cell lysates seemed to be available for 
binding to added D2. : 





Fig.4 Sedimentation of 53K in the presence of added D2 protein. 
F9 cells were labelled with *°S-Met (0.24 mCi ml™', 2h) and 
lysates from these cells were incubated at 22°C in the presence 
(lower panel) or absence (upper panel) of D2 protein (2 wg per ml 
lysate). Each lysate was centrifuged at 25,000 r.p.m. through 
sucrose gradients as described elsewhere’ and each fraction was 
immunoprecipitated with 10 wl L21 anti-S3K hybridoma super- 
natant. Immune complexes were treated as in Fig. 1 legend. Tract C 
in the top panel represents an immunoprecipitation of unfrac- 
tionated, untreated F9 lysate with anti-alkaline phosphate mono- 
clonal antibodies. Track 53K represents immunoprecipitation of 
the same lysate with anti-53K antibodies. 
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The 53K species immunoprecipitated directly by antibodies 
was compared with the 53K species that formed a stable 
complex with D2 protein. Figure 3 shows that the products of 
partial proteolysis generated by addition of V8 protease were 
identical for the two 53K samples, which suggests that these are 
closely related if not identical, proteins. 

We have done similar in vitro binding assays using lysates 
from a variety of cell lines: these include 3T3 cells transformed 
by polyoma virus’, 3T6 cells infected with wild-type polyoma 
virus, mouse ‘L-cells and 316 cells. In each case, a single 
polypeptide of molecular weight (MW) §3,000 was immuno- 
precipitated by anti-D2 sera after addition of T antigen to the 
respective lysates (data not shown). The availability of 53K for 
binding in these cell lysates suggests that other proteins in the 
lysates, for example, polyoma virus T antigen, do not compete 
effectively for binding with SV40 large T. 

The data described here provides direct evidence that purified 
antigen added to lysates of cells expressing 53K is able to form a 
complex with this protein. We have further demonstrated this 
association by determining the sedimentation properties of 53K 
in the presence and.absence of D2 protein. Figure 4 shows that 
most of the 53K extracted from F9 cells sediments at ~ 85, 
corresponding to a molecular weight of the order of 200,000. 
This could represent a tetrameric structure, or an association of 
53K with other macromolecules. A small fraction of the 53K 
from these cells sediments at 20S, which suggests a native 
molecular weight of up to 1 million. It is unclear whether this 
represents homopolymers of 53K or a high-molecular-weight 
complex which contains other components. After addition of D2 
protein to lysates of F9 cells, the lower-molecular-weight form 
shifted to a sedimentation value of 12S, which corresponds to a 
native molecular weight of ~ 300,000. Similar results were 
obtained when either anti-53K or anti-D2 antibodies were used 
to immunoprecipitate the complex. These results suggest that 
one molecule of D2 protein binds to a 200,000-MW form of 
53K or these’ conditions. It should be stressed, however, that 
these sedimentation values cannot be used to determine mole- 
cular weights with a high degree of reliability, as the sedimen- 
tation properties of proteins are affected by their configuration 
and gradients of the type described here do not provide high 
resolution. Nevertheless, it is clear that the addition of D2 
protein to lysates of F9 results in a significant increase in the 
molecular weight of 53K in its native state which indicates a 
physical association of the two protein species. 

We have been able to demonstrate the binding of SV40 T 
antigen to a cellular 53K protein in vitro, by two independent 
methods. The development of this system should allow us to 
assess whether binding of 53K affects the biochemical activity of 
T antigen and thus modifies its biological functions. 

We thank D. Lane for anti-D2 serum and Michael van Wilde, 
Kit Osborne and Alan Robbins for growth of cells. During part 
of this work study, F. M. held an ICRETT Travel Fellowship 
from UICC, Geneva. E. H. is a fellow of the Lady Tata 
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Microinjection of amphibian oocytes with purified cloned DNA 
has proven to be a valuable assay system for studying eukaryotic 
gene expression’. The oocyte’s ability to express microin- 
jected genes has already allowed a functional analysis of several 
genes and their sequence manipulsted counterparts'**”*, 
Although such studies are now possible with several other 
expression systems, the oocyte system is unique in that it 
represents a cell destined, on fertilization, to divide and 
differentiate into an embryo. Thus, it was envisaged that the 
technique of microinjecting genes and their mutant analogues 
into fertilized eggs might eventually be used as an assay system 
for studying the transcriptional contrel processes that occur 
during cell differentiation and development. To this end, fertil- 
ized eggs of Xenopus laevis were injected with a cloned repeat of 
sea urchin histone genes and the fate and expression of the 
injected genes examined during the early stages of Xenopus 
development. After replication during the early cleavage stages, 
the injected sea urchin histone DNA sequences persisted to at 
least the swimming tadpole stage. The injected genes were also 
at least in part faithfully transcribed into RNA species with the 
correct histone mRNA §’ and 3' termini. Thus, these results, 
reported here, meet the prerequisites for an assay system 
capable of being used to investigate the factors involved in the 
developmental control of gene activity. 

Fertilized eggs were injected with sea urchin histone DNA in 
one of two forms—as a linear 6-kilobase (kb) HindIII fragment 
recovered from the recombinant h22 (ref. 21) or-as supercoiled, 
circular pBR322 recombinant plasmid DNA containing two 
copies of the 6-kb HindIII fragment tandemly integrated head 
to tail, The h22 repeat contains all five histone genes and 
transcription of all five proceeds in the same direction ? Nucleic 
acid was isolated from the developing embryos at various stages 
post-injection and the persistence and physical state of the 
injected DNA sequences were analysed by blot hybridization. In 
Figs 1 and 2, each gel slot was loaded with a sample representing 
one embryo equivalent of nucleic acid isolated at the indicated 
stage of development. The hybridization probe was *’P-labelled 
pBR322 recombinant plasmid DNA containing the coding 
region of the sea urchin H1 histone gene, This H1 probe was 
chosen because, in contrast to the entire repeat, it gave no 
background hybridization to nucleic acid samples prepared from 
uninjected embryos (Fig. 1, lanes 7-10). Clear hybridization is 
seen in developing embryos after injection of either linear (Fig. 
1) or circular DNA (Fig. 2). Moreover, the injected DNA 
sequences were replicated in the early stages of development, 
consistent with, and extending, the recent report that DNA 
injected into unfertilized eggs supports semiconservative repli- 
cation of the injected DNA”, Thus, by comparing lanes 2 and 3 
in Figs 1 and 2 with known amounts of DNA (Fig. 1, lanes 
11-13; 2,500, 250 and 25 pg, respectively), clearly there is at 
least a 10-fold increase in the amount of hybridizable sequences 
in the embryo at late blastula as compared with the amount in 
the egg immediately following injection. As the embryos 
developed further, the amount of hybridizable DNA per 
embryo steadily decreased, presumably reflecting selective 
degradation of the injected DNA (Figs 1, 2, lanes 3-6), 
However, faint amounts of injected DNA sequences were 
detectable as late as the swimming tadpole stage following 
injection of linear DNA (Fig. 1, lane 6) and as late as the early 
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Fig. 1 Analysis by DNA blotting of the persistence and physical state of 
injected DNA sequences in developing embryos of X. laevis following the 
injection of fertilized eggs with linear molecules of sea urchin histone DNA. 
Artificially fertilized eggs of X. laevis were prepared as described by Billet 
and Wild**. Mature male and female frogs received two priming doses of 
Pregnyl (Organon). Eggs were squeezed out through the cloaca and fertilized 
immediately with a freshly prepared suspension of sperm. After chemical 
decapsulation with papain, healthy, fertilized eggs were injected within 1 h, 
before the first cleavage event occurred. The microinjection technique was 
essentially the same as used for oocytes’, except that in the fertilized egg the 
germinal vesicle has disappeared and direct nuclear injection is not neces- 
sary. A linear 6-kb HindIII fragment containing the histone gene repeat of P. 
miliaris was recovered from the recombinant Ah22 (ref. 21) and purified by 
actinomycin/CsC] gradient centrifugation. In most experiments, 250 pg of 
DNA in a volume of 10 nl was injected per egg. Eggs injected with 500 pg of 
DNA did not develop beyond the late blastula stage. According to previous 
reports, however, even after injection of 2-4 ng of DNA, 15% of the 
embryos reached the feeding tadpole stage*®. About 2h after injection, 
embryos, usually now at the four-cell cleavage stage, were transferred from 
Barth's medium to sterile ‘aged’ water plus antibiotics (Gibco) and the 
developing embryos incubated at 18°C. Samples of 5-10 embryos were 
collected immediately following injection and at the indicated stages of 
development”' up to and including the swimming tadpole. Embryos were 
homogenized at 0 °C in 10 mM EDTA, 100 mM Tris-HCI (pH 7.5), 300 mM 
NaCl, 1 mg ml”! proteinase K and 2% w/v SDS. After a 30-min incubation 
at room temperature, the homogenate was phenol-extracted three times, 
chloroform-extracted twice and the nucleic acids precipitated with two 
volumes of ethanol. The equivalent of one egg or embryo’s worth of nucleic 
acid isolated from progressive stages of development was electrophoresed 
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through a 0.8% agarose gel. The get was stained with ethidium bromide and photographed {panel a). To obtain efficient blotting of supercoiled, circular DNAs and 
large molecular weight DNAs, the gel was treated for 10 min with 0.25 M HC] before denaturation with 0,5 M NaOH, neutralization and transfer to nitrocellulose 
filters™™®?, The transferred DNA was hybridized to a **P-nick-translated probe of a pBR322 recombinant plasmid containing the ~500-bp coding region of the H1 
histone gene of the h22 repeat (as constructed and provided by M. Busslinger). Autoradiography was performed with an intensifier screen at ~70 °C (panel b). Lane 1 
is a control sample taken from the loaded injection needle before egg injection and represents the amount of DNA injected per egg. Lanes 2~-6 represent nucleic acid 
samples prepared from egg/embryos at various developmental stages following DNA injection, and lanes 7-10 represent similarly prepared samples from uninjected 
embryos: lanes 2, 7, stage 1 (egg); lanes 3, 8, stages 8~9 (late blastula); lanes 4, 9, stages 21-23 (early tail-bud); lanes 5, 10, stages 35-36 (hatching); lane 6, stage 42 


(swimming tadpole). Lanes 11, 12 and 13 are quantitative controls containing 2, 


tail-bud stage following injection of circular DNA (Fig. 2, 
lane 5). 

The results of these experiments also show that the physical 
form of the injected DNA sequences changes dramatically 
during the early stages of development, extending the previous 
observation that linear DNA molecules rapidly ligate and 
concatemerize after injection into unfertilized eggs’*. This same 
ligation phenomenon seems to be occurring after the injection of 
the 6-kb linear sea urchin histone DNA into fertilized eggs. 


ai234 56 









b12 34 56 fg 
~4cell DNA 


—Fil 


FI 





Fig. 2 Analysis by DNA blotting of the persistence and physical state of 
injected DNA sequences in developing embryos of X. laevis after the 
injection of fertilized eggs with supercoiled circles of sea urchin histone plus 
plasmid DNA. Circular, supercoiled pBR322 plasmid DNA containing two 
tandem copies of the h22 6-kb HindIII fragment was purified by CsCl 
gradient centrifugation and used to injected fertilized eggs. The injection 
procedure and subsequent analysis of embryonic nucleic acids were as 
described for injection of linea. DNA molecules (Fig. 1). Again, a is the 
ethidium-stained gel and b the corresponding autoradiograph. As in Fig. 1, 
lane 1 is a control sample representing the amount of DNA injected per egg 
(250 pg). Lanes 2-6 represent one embryo equivalent of nucleic acid extrac- 
ted at stage 1 (egg), stage 8 (blastula), stages 10-12 (gastrula), stage 22 (early 
tail-bud) and stage 40 (swimming tadpole), respectively. 


500, 250 and 25 pg, respectively, of the h22 6-kb linear DNA used for injection, 


Thus, by late blastula, most of the hybridizable sequences 
co-migrate with high-molecular-weight cell DNA rather than as 
6-kb linear DNA molecules (Fig. 1, lane 3). Together, these 
results suggest that after injection into fertilized eggs, linear 
DNA molecules ligate and then replicate in the developing 
embryos as high-molecular-weight concatemers. 

However, supercoiled, circular (FI) DNA injected into eggs is 
processed differently. Previous work has shown that when SV40 
FI DNA is injected into oocyte nuclei, the FI DNA is first 
relaxed but within 10h re-acquires a supercoiled structure’. 
Figure 2, lane 2, illustrates that immediately following injection 
of FI DNA into fertilized eggs at least half of the injected FI 
DNA is relaxed. By the blastula stage, there has been a large 
increase in the total amount of injected DNA sequences per 
embryo, and most appear as FI DNA (Fig. 2, lane 3). Thus, 
relaxed DNA seems to be converted back to FI DNA and 
replicates as such. After injection of either linear or circular sea 
urchin DNA, at least some of the injected DNA sequences 
persist as DNA co-migrating with high-molecular-weight cell 
DNA (Fig. 1, lanes 5, 6; Fig. 2, lane 5). Although there is no 
direct evidence that any of the injected DNA sequences have 
become integrated into the Xenopus genome, this notion is 
supported, at least for a minor fraction of the injected DNA 
sequences, by the persistence of some of the sequences to later 
stages in the high-molecular-weight range. 

Having determined that the microinjected sea urchin histone 
genes persist in the Xenopus embryos, at least during early 
development, the next question was whether they were also 
faithfully transcribed, as judged by S, mapping of mRNA 
termini’®. As the injected gene copy number is highest at about 
the late blastula stage, the initial experiments examined RNA 
from this stage. S, mapping experiments were performed using a 
multiple probe capable of detecting simultaneously all five sea 
urchin histone mRNA 5’ termini. As shown in Fig. 3, lanes 2-4, 
three bands co-migrating with the 5’-terminal sequences of the 
authentic H2B, H2A and H3 mRNAs are clearly visible. There 
is a faint band corresponding to the 5'-terminal sequence of H1 
mRNA, but no band corresponding to the protected 5'-terminal 
sequence of H4 mRNA was detected. Controls with RNA from 
uninjected Xenopus embryos show no bands of protected 
sequences (Fig. 3, lane 5). This pattern of S, protection is 
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Fig. 3 Analysis by S; mapping of 5-145 RNA from Xenopus blastulae 
injected as eggs with sea urchin histone DNA. Artificially fertilized Xenopus 
eggs were injected with sea urchin histone DNA in either the linear or 
circular form as described in Figs 1 and 2 legends. Sucrose gradient-purified 
5-14S RNA from the equivalent of 3.5 embryos (stage 9, late blastulae) was 
hybridized to a °*P-5'-end-labelled probe of triple-digested (BamHI-BsiNI- 
Xhol) 6-kb h22 DNA. As illustrated in panel b, this multiple probe is capable 
of protecting the 5’ termini of all five sea urchin histone mRNAs from S, 
digestion’. S, mapping was performed as previously described’?***, Lane 1 
is a size marker of °*P-5'-end-labelled Hpall fragments of pBR322. Lanes 
2-4 are RNA samples from injected embryos; lanes 2 and 4 were injected 
with linear DNA molecules, lane 3 with the circular form. Lane $ is RNA 
prepared in parallel from uninjected embryos. Lane 6 is 5 yg of total RNA 
from P. miliaris embryos at the 128-cell stage of development. 


identical to that previously established for transcription in the 
oocyte’, suggesting that the same factors are governing the 
production and accumulation of the mRNAs and that no 
developmental change has occurred. Interestingly, both the 
injection of circular and linear DNA templates gave this pattern 
although, as discussed above, the actual templates in the blas- 
tulae were probably either circles or high-molecular-weight 
concatemers; moreover, the circles contained DNA séquences 
from the plasmid vector pBR322. These results suggest that the 
transcriptional pattern isa fundamental reflection of the relative 
efficiency of the individual sea urchin histone promoter 
sequences within the Xenopus transcriptional machinery. 

RNA from injected blastulae was also analysed for transcripts 
with the correct 3‘ termini. The 3'-terminal sequences of the 
Psammechinus miliaris H2B, H3, H2A and H1 histone mRNAs 
can be detected using an S, mapping multiple probe of 32p.3'. 
end-labelled Hpall-Xhol restriction fragments of h22 (ref. 7). 
Bands of protected fragments co-migrating with the protected 
3'-terminal sequences of authentic H2B and H2A mRNAs were 
visible (not shown), but the correct 3’-terminal sequences of the 
H3 and H1 mRNAs were not detected. With either the 5’- or 
3'-multiple probe, RNA from the injected embryos gave 
numerous faint bands of unknown protected sequences, 
indicating that although at least some of the correct 5’ and 3’ 
termini are synthesized, there is also some incorrect tran- 
scription. 

RNA samples from progressive stages of development (from 
immediately following injection of the fertilized egg to the 
swimming tadpole stage) were also examined. The transcrip- 
tional expression pattern was found to be quite similar at all 
stages, with the overall level of sea urchin histone gene tran- 
scription apparently governed only by the abundance of the 
injected gene sequences rather than by the developmental stage 
of the Xenopus embryo. This result is not unexpected because 
genes from a heterologous source would probably not be expec- 
ted to be brought under Xenopus developmental control. For 
example, adult rabbit B-globin gene was also found to be 
expressed in Xenopus embryos using the same microinjection 
protocol”. Also, as has recently been shown for the 5S rRNA 


genes”, it is questionable whether naked DNA, even in a 
homologous system, respects developmental signals. Neverthe- 
less, the approach described here paves the way for an assay 
capable of investigating what the units responding té develop- 
mental signals actually are and whether, for example, integra- 
tion of genes into the correct chromosomal location is necessary 
before such signals are effective. 
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Recognition between cells during embryogenesis is essential for 
the formation of precisely patterned neuronal networks such as 
the projection of axons from the retina on to the tectum in the 
avian optical system. A gradient of adhesion between retinal and 
tectal cells has been detected, with cells from the dorsal area of 
the neural retina adhering preferentially to cells of the ventral 
half of the visual tecta and vice versa (for review see ref, 1). This 
has supported the idea that topological relationships between 
cells are established through markers on the cell surface’. Such 
findings are based on adhesion between cell bodies, whereas it is 
only the axon tip of the retina ganglion cell which makes contact 
with and presumably recognizes tectal cells. Here, we have used 
a system in which outgrowing neurites from the retina were 
exposed to tectal cell surfaces in vitro and found a striking 
antero-posterior polarity in the chick retina. 
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Fig. 1 Adhesion of tecta] membranes to neurites from anterior and posterior 
retina explants. A retina from a 6-day White Leghorn chick embryo was isolated, 
Squares (150 150 um) from the anterior and posterior region were explanted 
on a collagen-coated dish (Falcon 30001 F) and incubated at 37°C in 4% CO, 
for 2 days (2 ml of Eagle's minimal essential medium with 2.4% NaHCO, and 
5 mM HEPES, 10% fetal calf serum, 2% chick serum, 1% beef embryc extract, 
2 mM glutamine, penicillin and streptomycin, all from Gibco), Finally, 30 ulofa 
suspension of tectal membranes (see below; 150-200 wg protein) ®t! were 
added and incubation continued for another 2 h with gentle shaking at 30-min 
intervals. The medium was sucked off, the dish washed six times with prewarmed 
medium and the cultures were stained with Sudan black by a modification of the 
method of Wood"? {after fixation with 2.5% glutaraldehyde in phosphate- 
buffered saline, impregnation in 0.19% OsO, and 0.5% K,Cr,0,). Coating of 
the dish with collagen: native collagen was prepared essentially according to 
Elsdale and Bard" (final concentration 350 ug ml~'), At the onset of gelling, the 
dish was turned into a vertical position leaving a thin layer of collagen, The 
membranes were prepared by a modification of the procedure of Brunette and 
Ti+. Tecta from 20 9-day-old chick embryos were homogenized in 4 ml of 
10mM Tris, 1.5mM CaCl, and imM spermidine (pH 7.4) in a Dounce 
homogenizer. After centrifugation (10 min at 1,000g) membranes were en- 
riched in a biphasic system: a solution of dextran (3.1g dextran T-500, 
Pharmacia, in 67.8 ml H,O bidest.) and a solution of polyethylene glycol 6000 
(Carbowax, 8.95g, in 67.8 ml H,O bidest.) were heated for 20 min at 80 "Cy 
cooled and added to a solution of NaCl (15 mg NaCl in 113.4 m! 0.22M 
Na-phosphate buffer, pH 7.0). After shaking and standing for 2 days at 4 °C, two 
phases had formed. The upper phase (polyethylene glycol) and lower (dextran) 
phases were separated and sterilized by membrane filtration. The membranes 
were homogenized in 5 ml of the polyethylene glycol solution and 5 mi of the 
dextran phase was added. The two phases were mixed and centrifuged ina swing-out rotor for 10 min at 1,000g. Membranes from the interphase were resuspended in 
4 ml polyethylene glycol, After addition of 4 ml dextran phase and mixing, separation was repeated by centrifugation for 10 min at 23,500g in a Sorvall HB4 rotor. 
The membranes were again collected at the interphase and washed twice in culture medium. Based on the specific activity of marker enzymes? (Mg?*-ATPase, 
Na*-K*-ATPase and alkaline phosphatase}, the membranes were enriched by a factor of four over the homogenate. The recovery of alkaline phosphatase in the 
membrane was 30% of the enzyme activity found in unfractionated homogenate. a, Explants from the anterior half of the retina (right) and from the posterior half of 
the retina (left) grown on the same culture dish; b, c, explants at higher magnification. 
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Fig.2 Adhesion of tectal membranes to antero-posterior strips from the dorsal retina. A retina from a 6-day-old White Leghorn chick embryo was isolated intact 
and spread on a membrane filter (SM 13006, black; Sartorious}; the ganglion cell layer was oriented upwards, The retina and membrane filter were cut into 0.3-mm 
strips in the antero-posterior direction, inverted on to collagen-coated dishes, and cultured as before, the ganglion cell layer now facing the collagen (Fig. 1}, with the 
exception that a thicker collagen layer was used (0.7 ml collagen solution was allowed to form a gel in Petriperm dishes: Heraeus). After ineubation for 30h, a 
suspension of tectal membranes (see Fig. 1} was added. After incubation for 2 h the unbound membranes were washed off (see Fig. 1) and the specimen observed 
directly by dark-field illumination. a Is a control without membranes added, showing the oriented outgrowth of fibres towards the original choroid fissure which is 
oriented vertically through the centre of the strip, $ shows the specific adhesion of tectal membranes to the neurites sprouting from the anterior half of the retina. The 
original orientation of the retina in the embryo is indicated by the windrose (D, dorsal; A, anterior, V, ventral; P, posterior). 
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Retina from 6-day chick embryos, when explanted and 
incubated on collagen, shows vigorous fibre growth. Using the 
choroid fissure as a topographical marker, small pieces of retina 
from defined regions were explanted. After 2 days in culture, a 
suspension of tectal cells, isolated by mechanical dissociation, 
was added and the incubation continued for a further 2 h with 
gentle shaking at 30-min intervals. Finally, the culture was 
washed and observed by dark-field illumination. In these 
experiments, preferential adhesion of tectal cells to neurites 
growing out from anterior retinal explants was observed. 
However, clarity of the results was impaired by the fact that the 
cells adhered to collagen and also to each other (data not 
shown). A much sharper distinction was obtained using 
membrane preparations from tectal cells, instead of whole cells. 
Astriking preferential adhesion of tectal membranes to neurites 
from explants of anterior retina, as opposed to neurites growing 
out from posterior sections, was observed (Fig. 1). Identical 
results were obtained with membranes prepared by the 
elaborate procedure of Merrell and Glaser’. 

The specific adhesion of tectal membranes to anterior neurites 
could reflect a continuous gradient or a discontinuous step of 
adhesiveness in the antero-posterior dimension of the retina. To 
decide on this alternative the retina was spread on a membrane 
filter and cut into narrow strips with a tissue chopper. The retinal 
strips were transferred on to collagen with the filter as a 
mechanical support. Using the choroid fissure for orientation, 
strips were cut in antero-posterior and in dorso-ventral direc- 
tions. Such explants produced neurites in vitro. In agreement 
with results reported by Bonhoeffer and Huff, their orientation 
is similar to that of axons in vivo’, that is, neurites grew 
centripetally towards the original position of the choroid fissure 
(Fig. 2a). Antero-posterior strips were explanted and incubated 
for 30h and the adhesion of tectal membranes to the neurites 
was then tested as before. Microscopic examination showed very 
clearly two distinct areas with a sharp boundary; neurites from 
the anterior part of the retina were heavily labelled with 
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Fig.3 Composite of four photographs taken from strips of the retina cut as 
indicated, explanted, incubated and treated with tectal membranes as 
described (Fig. 2). The antero-posterior sections from the dorsal and ventral 
parts of the retina came from one retina; the other two sections from another 
retina of a 6-day-old chick embryo. The samples were stained with Sudan 
black (Fig. 1) before photography. Over 200 experiments yielded identical 
results. The vertical line indicates the position of the choroid fissure; the 
strips are 0.3 mm wide. 





Fig. 4 Adhesion of membranes of different origin to neurites sprouting 
from antero-posterior sections through chick retina, The retina sections 
were prepared and incubated as described. After incubation for 30h, 
membrane preparations from different parts of the central nervous. system 
were prepared and the samples processed as described in Fig. 1 legend, a, 
Untreated control; the remaining preparations were treated with: A, 
membranes from optic tectum; c, membranes from brain prepared after 
removal of the optic tectum; d, membranes from retina and e, from fore- 
brain, The membranes had all been prepared from 9-day-old White Leghorn 
chick embryos. 


membranes, in contrast to the posterior fibres (Fig. 26). The 
neurites from dorso-ventral strips through the anterior part of 
the retina were covered with large amounts of membrane 
material whereas on dorso-ventral strips through the posterior 
part of the retina much less membrane material was bound. Only 
by scanning electron micrography could membrane vesicles be 
detected on posterior neurites. A composite of photographs 
taken from four sections through the arterior, ventral, posterior 
and dorsal regions of the retina indicates the distinctive adhesion 
of tectal membranes to neurites originating from the anterior 
half of the retina, independently of the dorso-ventral coordinate 
(Fig. 3). All results indicate that neurites from the anterior and 
posterior part of the retina differ strikingly in binding tectal 
membranes. A similar antero-posterior polarity in retina can 
also be seen after a modification of the test system* in which 
neurites growing out on cell monolayers can choose between 
retina and tectum cells; anterior neurites prefer tectum cells, 
posterior neurites do not (F. Bonhoeffer, personal com- 
munication). 

The sprouting of neurites from retina explants reflects the 
time course of axon outgrowth in vive", which occurs between 
days 5 and 8, All stages within this range showed the specific 
binding of tectal membranes to anterior neurites. The age of 
the tectum used for membrane preparation was not relevant 
for adhesion; membranes from 6~13-day-old embryos all 
showed adhesion to anterior neurites. Retinal axons do not 
reach the tectum until day 6 of development’™“, indicat- 
ing that the neurites do not recognize retina-derived 
components on the tectum. It remains to be studied whether the 
neurites in vitro are true axons which originate mainly from 
ganglion cells, and whether they grow eut de nove or are due to 
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regeneration. However, fibre orientation, time of outgrowth and 
the agreement between the number of ganglion cells in our 
explants and the number of fibres (M.C., in preparation), are 
consistent with a ganglion cell origin. 

The origin of the membranes is crucial for the recognition by 
neurites. In contrast to the membranes from the optic tectum, 
membranes from fore-brain were not bound to anterior neurites 
in a selective manner (Fig. 4). However, a slight general 
adhesiveness of these membrane preparations to the neurites 
was observed (Fig. 4c~e). Membranes from non-neural tissue 
such as liver also showed some adhesion to all neurites with no 
preference for the anterior part. 

The adhesion of membranes was not inhibited by blocking 
protein synthesis in the explant with cycloheximide (5 ug mi) 
before and during incubation with the membranes. Similarly, 
the addition of concanavalin A (2.5 ug mi’) and colchicine 
(12.5 ng m1“) showed no effect at concentrations which inter- 
fered with further neurite elongation. However, fixation with 
glutaraldehyde and, interestingly, the addition of cytochalasin B 
(5 ug ml~’) blocked membrane-binding. Cytochalasin B has a 
specific effect on growth cone activity’, causing a retraction and 
wilting of the microspikes, by which the axonal environment is 
explored. Intact function of growth cones, therefore, might be 
essential for the recognition and/or adhesion of the tectal 
membranes to retinal neurites. 

The antero-posterior polarity as we found it in vitro might be 
involved in the establishment of retino-tectal connections dur- 


ing in vivo development; this assumption, however, requires 
further study. In any case, the findings clearly show that the 
retina consists of subareas distinguishable by their interactions 
with tectal membranes; they provide a relatively simple assay for 
further studies of this interaction. For example, we can test 
whether the antero-posterior polarity in the retina has a 
counterpart in the tectum. Furthermore, a biochemical charac- 
terization of the components involved in the interaction of the 
neurites with the tectal membranes should be possible. 

We thank Dr Diitting for advice on tissue culture, 
F. Bonhoeffer, A. Gierer, D. Diitting for helpful discussions and 
D. Newgreen for suggestions in preparing the manuscript. 
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Pyruvate kinase subunits of red cells and liver differ in their 
molecular weights. Peptide mapping of the rat enzymes has 
shown that this difference is due to a single exon peptide present 
in the red cell enzyme’. There is strong genetic evidence in 
man that both enzymes are encoded by the same structural gene 
(refs 4-8 and G. E. J. Staal et al., personal communication). 
Here we describe in vitro protein synthesis experiments using 
RNA extracted from rat red cells and liver which demonstrate 
that the difference is reflected in tissue-specific mRNAs. Thus 
the difference is not due to post-translational processing and 
presumably involves either gene rearrangement or differential 
processing of a common nuclear RNA precursor. 

In our laboratory, we have demonstrated that pyruvate kinase 
is synthesized in red cells as L’ subunits (M, 63,000) and in liver 
as L subunits (M, 60,000). In vitro, the L', tetramers can be 
converted by mild tryptic attack into a form with molecular 
weight and properties similar to liver L4 pyruvate kinase?”'*. As 
both trypsin-treated red cell enzyme and liver pyruvate kinase 
exhibit improved regulatory properties with respect to native L’, 
(refs 9, 12), it was assumed that, in liver, L-type pyruvate kinase 
undergoes a proteolytic processing. To test this model we have 
characterized pyruvate kinase neosynthesized in a rabbit reti- 
culocyte lysate system under the direction of human liver RNA, 
rat liver RNA or rat reticulocyte RNA. If the L and L’ subunits 
differ due to a proteolytic processing, then reticulocyte and liver 
RNAs should direct the synthesis of identical subunits with an 
identical molecular weight to L’. 

Anti-human red cell pyruvate kinase antiserum was raised in 
rabbits and specific antibodies purified by chromatography on a 
pyruvate kinase-linked agarose bead column’’. The purified 


antibodies were then coupled to agarose beads. By exploiting 
the cross-reactivity between human and rat enzymes, it was 
possible, using this immunoabsorbent, to purify pyruvate kinase 
from human liver, rat liver and rat red cells in only one step (Fig. 
1), Rat L’ and L subunits were slightly heavier than their human 
counterparts (M,s 64,000 and 61,000 respectively), Reticulo- 
cytosis was induced in rats by treatment with acetyl- 
phenylhydrazine’*. Total cellular high-molecular-weight RNA 
was purified by ethanol precipitation in 7M guanidine/HCl 
solution followed by chloroform/isoamy]l alcohol extraction and 
washing in 3M sodium acetate’*'*. Reticulocyte RNA was 
fractionated by two successive centrifugations on denaturing 
methylmercury/formamide gradients. The fractions cor- 
responding to sedimentation coefficients 18S-~24S were 
pooled and, after ethanol precipitation, RNA was used for in 
vitro translation. Total cellular high-molecular-weight liver 
RNA was used to direct protein synthesis without further frac- 
tionation. 

Cell-free synthesis was performed, in some experiments, in 
the presence of various antiproteolytic agents: 0.01 mM leu- 
peptin, 0.1 mM chymostatin, 0.1 mM _antipain, 0.1 mM pep- 
statin, 0.1 mM _ diisopropylphosphofiuoridate and 1% (v/v) 
aprotinin. Neosynthesized pyruvate kinase subunits were 
purified by immunoaffinity chromatography on microcolumns 
containing 5 yl of the specific immunoabsorbents'*. Specificity 
of the neosynthesized bands was checked by immunological 
competition with unlabelled L-type pyruvate kinase‘. Figure 2 
shows that rat liver RNA directed synthesis of a polypeptide of 
M, 61,000—the same molecular weight as rat liver L-type 
pyruvate kinase. This molecular weight was the same whether 
cell-free translation was performed with or without antipro- 
teolytic agents. This polypeptide could be firmly identified as 
neosynthesized pyruvate kinase because it did not bind to an 
antipyruvate kinase—agarose column previously saturated with 
excess unlabelled L-type enzyme but was specifically retained by 
a nonsaturated column (Fig. 3). The same results were obtained 
with human liver RNA (not shown), 

Figure 4 shows that, by contrast, rat reticulocyte RNA direc- 
ted synthesis of a 64,000-M, polypeptide (thus similar to rat L’) 
which immunologically competed with unlabelled L-type 
enzyme for binding to the antibody column. When a mixture of 
reticulocyte and liver RNAs was translated together, both the 
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Fig.1 Purification of red cell and liver pyruvate kinase from man 
and rat by immunoaffinity microchromatography. Cells or tissues 
were lysed in a 50mM Tris-HCl buffer (pH 7.4) containing 
150mM NaCl, 0.1mM @B-mercaptoethanol, 10mM EDTA, 
10 mM e-aminocaproic acid, 2% (v/v) aprotinin, 1 mM diisopro- 
pylphosphofluoridate, 0,1 mM pepstatin, 0.1 mM chymostatin, 
0.1 mM antipain, 0.01 mM leupeptin, 1% (v/v) Triton X-100, 1% 
(w/v) sodium deoxycholate (= lysis buffer). After elimination of 
the insoluble cell debris by centrifugation (at 36,000 g for 20 min), 
the extracts were applied to microcolumns made with Eppendorf 
blue tips and containing 10 ul of immunoabsorbent (4 mg of 
specific anti-L-type pyruvate kinase immunoglobulins per ml of 
resin). About 3 IU of pyruvate kinase were bound per column. The 
columns were washed successively with 5 ml of lysis buffer, 5 ml of 
0.1 M sodium phosphate buffer (pH 7.4) containing 1 M KCI and 
5 ml of 0.1 M sodium phosphate buffer (pH 7.4) containing 0.15 M 
NaCl. They were eluted with 800 yl of 0.1% (w/v) SDS in 10% 
(v/v) acetic acid. The eluates were lyophilized and the lyophilisates 
dissolved in 401 of 0.0685mM Tris/HCl buffer (pH 6.8) 
containing 10% glycerol (v/v)5% 8-mercaptoethanol (v/v) and 
0.0 01% bromophenol blue (w/v); dodecylsulphate concentration 
of these samples. was therefore 2% (w/v), such that they could be 
directly applied, after dissociation (2 min in boiling water), to 
dodecylsulphate/polyacrylamide gradient gel electrophoresis 
according to Laemmli”’. Proteins were stained with Coomassie 
brilliant blue. 1, rat red cell; 2, rat liver; 3, human liver, 4, 
trypsin-treated human red cell enzyme’; 5, untreated human red 
cell enzyme; 6, protein markers: urease (M, 85,000), transferrin 
(76,000), bovine serum albumin (68,000), glucose phosphate 
isomerase (58,500) and half urease (40,000). The faint band 
corresponding to a M, of ~ 57,500 observed in the pyruvate kinase 
preparations corresponds to Lc, a partially proteolysed form". 


61,000 and 64,000 bands could be detected (not shown). This 
result, and the fact that antiproteolytic agents did not modify the 
molecular weight of neosynthesized liver pyruvate kinase, 
exclude the possibility that neosynthesized chains are cleaved by 
proteases present in the reticulocyte lysate or by neosynthesized 
proteases. Clearly, therefore, in rat, L and L’ pyruvate kinase 
subunits are synthesized under the direction of two different 
species of mRNA. Although it was not possible to study human 
reticulocyte RNA, the same conclusion can probably be drawn 
in man because human liver RNA directs synthesis of L, and not 
L’ as predicted by the hypothesis of the ‘proteolytic processing’. 

As studies of inherited red cell pyruvate kinase deficiency 
indicate unambiguously that L and L’ subunits are encoded by 
the same gene, our results strongly suggest that this gene is 
associated with two types of mRNA present in the different 
cells—erythroid and liver. Two basic mechanisms could explain 
this finding: a rearrangement of the L-type pyruvate kinase gene 
during erythroid or liver differentiation, or a differential 
processing of a common nuclear RNA precursor. 

In lower eukaryotes, a gene rearrangement mechanism has 
been implicated, such as in the yeast mating system’*'” and 
modification of trypanosome surface antigens’. 


In vertebrates, gene rearrangement has been described only 
for immunoglobulin genes during B-cell differentiation'**’. 
Differential processing of nuclear RNA has been described for 
immunoglobulin u chains”, where both types of u chain, and 
therefore both types of mRNA, are produced in the same cells, 
whereas in the case of pyruvate kinase, L’ is the only form 
produced in the reticulocytes and L the only form in the liver. 
Differential splicing of nuclear RNA in salivary glands and 
liver2*° has also been shown for mouse «-amylase; in this case 
the two species of mRNA encode the same protein. These 
results suggest that differentiation can be associated with 
changes of protein form that are not directly related to the usual 
phenomena of gene activation and inactivation, but rather to 
modifications of gene arrangement or of processing of nuclear 
RNA into cytoplasmic translatable mRNA. The study of pyru- 
vate kinase genomic DNA in different cells should elucidate this 
problem, but requiires a cDNA probe which may be difficult to 
obtain because of the very low amouat of specific mRNA: 





Fig. 2 Characterization of neosynthesized liver L-type pyruvate 
kinase subunits.. Rabbit reticulocyte lysate. was deprived of endo- 
genous RNA by micrococcal nuclease treatment, according to ref, 
28. Translation: mixture (250 wl) contained, in final concentration, 
20 uM essential amino acids except methionine, 0.3 mCi ag. 
methionine (specific activity 1,000 Ci mmol’), 1mM ATP, 
0.2 mM GTP, 0.3 mM spermidine, 1 mM dithiothreitol, 10 pM 
haemin, 10 mM creatine phosphate, 60 ag mi”! creatine phos- 
phokinase, 20 mM HEPES buffer, pH 7.4, 120mM K acetate, 
1.20 mM Mg acetate and 40 yg liver RNA. Translation was carried 
out for 1 h at 37 °C, then the reaction was diluted with 2 vol of the 
‘lysis buffer’ described in Fig. 1 legend anc centrifuged at 36,000 g 
for 30 min. The diluted translation mixture was applied to two 
combined microcolumns (inserted into each other), containing 
10 pl nonimmune y-globulin-linked resin at the top and 5 yl 
anti-pyruvate: kinase resin at the bottom. After about six passages 
through this system, the microcolumns were separated, individu- 
ally washed and eluted as described in Fig. 1 legend. Lanes! and 4, 
14C-labelled protein markers: rabbit muscle phosphorylase (M, 
93,000), hunian muscle phosphofructokinase (M, 80,000), bovine 
serum albumin (M, 68,000), human L', red cell pyruvate kinase 
(M, 63,000), human glucose phosphate isomerase (Mf, 58,500), 
hen egg ovalbumin (M, 46,000) and bovine carbonic anhydgase 
(M, 30,000). Lanes 2 and 6, eluates from anti-pyruvate kinase 
columns, synthesis without addition of antiproteclytic agents. 3 
and 5, eluates from anti-pyruvate kinase columns, synthesis in the 
presence of 0.01 mM leupeptin, 0.1 mM pepstatin, 0.1 mM chy- 
mostatin, 0.1mM_  antipain, O0.l1mM _  diisopropyiphospho- 
fluoridate, 1% (v/v) aprotinin. 7, eluate from a nonimmune 
column. The 43,000-M, band, observed in the eluates from 
nonimmune systems as well as from some specific immuno- 
absorbent columns, can be identified as contaminant actin’”. 
Fluorography was performed as in refs 29 and 30. 
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Fig. 3 Characterization of neosynthesized liver L-type pyruvate 
kinase by immunological competition. Cell-free translation was 
carried out as indicated in Fig. 2 legend, but the reaction was 
passed, successively, through saturated and nonsaturated anti- 
pyruvate kinase resins. The immunoabsorbent vvas saturated with 
100 ug cold human L-type enzyme, then the resin was extensively 
washed before being used with the neosynthesized products. Lanes 
1 and 3, “C-labelled protein markers (as in Fig. 2. legend). 2, eluate 
from a 5-yl nonsaturated anti-pyruvate kinase column. 4, eluate 
from 5-1 saturated anti-pyruvate kinase column. Detection of the 
radioactive bands by fluorograph y. 





Fig. 4 Characterization of neosynthesized L’ red cell pyruvate 
kinase by immunological competition. Comparison: with neosyn- 
thesized L enzyme. Cell-free synthesis was directed byy fractionated 
188-248 reticulocyte RNA (30 pg per 250 yl ‘of translation 
medium) (lanes 2-4) or by rat liver RNA, as indicated in Fig, 2 
legend (lane 5). 

Fractionation of reticulocyte RNA was carried out by centri- 
fugation in denaturing methylmercury formamide/sucrose 
gradient. 400 ug RNA were first dissolved in 20 ul 10mM 
methylmercury, incubated at room temperature for 5 min, then 
mixed with 200 wl of 90% deionized formamide (v/v) in 10 mM 
Tris-HCl, pH 7.5, 10 mM iodoacetate, 5 mM EDT.A and 0.5% 
lauroyl sarcosine. After a 15-min incubation at room temperature, 
this RNA solution was diluted with 250 ul of the Tris-HCl buffer 
described above, but without formamide, and applied to an 11-ml 
gradient sucrose: 10-25% (w/v) sucrose in 10 mM Tris-HCl, pH 7, 
containing 50% (v/v) deionized formamide, 10 mM iodoacetate, 
5mM EDTA and 0.5% (w/v) lauroyl sarcosine. Centrifugation 
was carried out in a SW 41 Beckman rotor, at 40,000 r.p.m, for 
14 h. The 188-245 RNA was pooled and precipitated by ethanol, 
and then applied to a second gradient. The 18S-2:4S fraction 
obtained from the second round was used for directing cell-free 
translation. 

Lane 1, $C.Jabelled protein markers: myosin (M, 200,000), 
phosphorylase,muscle phosphofructokinase, bovine serum albu- 
min, L’ human pyruvate kinase, glucose phosphate isomerase, 
ovalbumin, carbonic anhydrase and lactoglobulin A (M, 18,509). 
Lane 2, synthesis directed by reticulocyte RNA, eluate from a 5-l 
saturated anti-pyruvate kinase column. Lanes 3 and 4, synthesis 
directed by reticulocyte RNA; eluates from 5-pl nonsaturated 
anti-pyruvate kinase columns. Lane 5, synthesis directed by liver 
RNA, eluate from 5-1 nonsaturated anti-pyruvate kinase column. 

Detection by fluorography. 


pyruvate kinase represents < 0.05% of the proteins synthesized 
under the direction of liver RNA in cell-free conditions and this 
proportion is even less for reticulocyte RNA. 

This work was supported by INSERM grant CRL 80-1028. 

We thank Dr Jacques Kruh and Fanny Schapira for helpful 
discussion and advice, and F. Carrouget for typing the manu- 
script. 
Note added in proof: We recently succeeded in translating in a 
cell-free system both L and L’ messenger RNA from fetal 
human liver, which confirms that in man as well as in rat L and L’ 
pyruvate kinase subunits are encoded by two different species of 
messenger RNAs. 
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Influenza remains a serious cause of disease in man and of death 
in the aged. Vaccination is only transiently effective in providing 
immunity’, because the surface haemagglutinin molecule of the 
virus can evolve rapidly, allowing the virus to escape neu- 
tralization by immunizing antibody. Of the three influenza A 
subtypes” known to cause infection in man, the H1 subtype is of 
particular interest as it has proved to be the dominant human 
subtype this century and is now co-circulating with variants of 
the H3 subtype. Here we present the sequence of the haemag- 
glutinin gene of an early H1 subtype (strain A/PR/8/34) as 
determined by recombinant DNA methods and dideoxy 
sequencing. From the deduced amino acid sequence of the 
haemagglutinin we define an antigenic site at amino acid residue 
160. Comparison with haemagglutinin molecules*” shows that 
the H1 and H2 subtypes are more homologous to one another 
than to the other subtypes, which suggests that they have 
diverged only recently from one to another. 
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Influenza is a negative-stranded virus with eight RNA genes 
coding for 10 or more proteins, of which band 4 codes for the 
haemagglutinin gene. The main strategy for sequencing this 
gene was similar to that used in a parallel study of the 
neuraminidase gene’®"'?. Briefly we prepared restriction frag- 
ments derived from double-stranded DNA, itself prepared by in 
vitro copying of the RNA gene 4 by reverse transcriptase. These 
restriction fragments were cloned into the bacteriophage M13 
vector and sequenced by the Sanger method’*"*. By sequencing 
clones which were isolated at random and derived from several 
different restriction enzyme digests, we hoped to overlap these 
clones and deduce a unique sequence for the haemagglutinin 
gene. This objective was only 99% achieved; for the remaining 
1% of the sequence we had to use an indirect RNA sequencing 
method'*®. We also used a direct RNA sequencing method to 
confirm the sequence of one end of the gene’. 

Figure 1 shows the deduced nucleotide sequence , written in 
the mRNA sense. Its organization is similar to haemagglutinin 
molecules previously studied in other subtypes’*"’. We can 
identify a 17-residue hydrophobic signal peptide, an HA1 
subunit (326 residues long) and an HA2 subunit (222 residues 
long). These, as in the other human subtypes, are separated by a 
single arginine residue (327) which is presumably recognized 
during processing by a trypsin-like enzyme. The HA2 subunit 
contains the characteristic conserved 14-amino acid long 
hydrophobic N-terminal sequence as well as a hydrophobic 
tail, believed to anchor the molecule to the phospholipid 
bilayer of the cell’®. 


Our studies provided no direct information on the secondary 
structure of the haemagglutinin, but we can deduce from the 
conservation of cysteine residues (Fig. 2) that the pattern of 
disulphide bonds is probably similar to that of the H2 and H3 
subtypes, where most cysteines are involved in S-S bridges 
within a subunit, except for C(14) and C/466) (see Fig. 2) which 
interconnect the separate subunits’”. There is no information on 
the three conserved cysteine residues close to the C terminus of 
the HA2 subunit. The haemagglutinin is.a glycoprotein in which 
we observe seven potential N-X-S or N-X-T sequences (Fig. 1) 
where carbohydrate could be attached”. There have been no 
direct studies of the location of the carbohydrate in A/PR/8/34, 
but studies of related strains (A/WSN/23)”’ and other subtypes 
(A/Japan/57)* suggest that the majority are glycosylated. 
Presumably the most N-terminal glycosylation site in the HA1 
subunit (N-N-S-T—a sequence also conserved in the H2 
subtype) is glycosylated at one but not both of the asparagine 
residues’. 

Monoclonal antibodies have been previously used to select 
A/PR/8/34 variants which escape antibody neutralization 
because of their altered antigenicity”. A common variant 
contained a leucine residue replacing a serine residue in the 
parental tryptic peptide (SEPGY)K, although this peptide could 
not be further localized within the sequence. From the amino 
acid sequence predicted here (Figs 1, 2), we identify this variant 
as serine > leucine (160) caused by a CU transition at base 
553. Residue 160 (for numbering of amino acids, see Fig. 2 
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. The computer programs of Staden*' were used to assist 
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Fig.2 The amino acid sequences of haemagglutinin from A/PR/8/34 (H1 subtype), A/Jap/305/57 (H2 subtype), A/Aichi/2/68 (H3 subtype) 
and A/FPV/Rostock/34 (H7 subtype) are listed with gaps inserted generally to maximize amino acid homology and particularly the alignment of 
cysteine, tryptophan and proline residues. The precise position of gaps is rather subjective but was finally decided after inspection of the 
three-dimensional structure of the H3 subtype”. Gaps were then introduced into regions which, by analogy with the H3 subtype, might be 
expected to be in surface loops. The numbering system is based on consecutive amino acid residues (ignoring gaps) starting at the terminus of the 
H3 subtype (A/Aichi/2/68). Thus residue 160 of A/PR/8/34 is actually residue 157 from its N terminus, but is homologous to 160 of 
A/Aichi/2/68. The boxed areas a, b and c mark, respectively, the signal peptide region, the conserved N terminus of the HA1 subunit and the 
membrane attachment C-terminal tail. 


legend) has not previously been implicated as an antigenic site in 
the better studied H3 subtype, despite the fact that the homolo- 
gous residue threonine (160) seems to be on the surface of the 
haemagglutinin in the proposed site B in the recently available 
three-dimensional model of the H3 subtype”’. Perhaps the 
presence of the nearby carbohydrate side chain at residue 165 
masks this region in the H3 subtypes. Further studies of other 
laboratory variants as well as field strains with altered antigeni- 
city are required to define the antigenic regions of the H1 
subtype in more detail. 

Figure 2 shows a comparison of the amino acid sequence of 
the A/PR/8/34 haemagglutinin with representative strains of 
three other subtypes. The fact that only occasional gaps were 
required in one or other of the sequences to maintain alignment 
confirms the basic homology of all haemagglutinin subtypes. 
Furthermore, the conservation of cysteine and many proline 
residues predicts a common overall shape. Table 1 gives a 
quantitative measure of the extent of amino acid and nucleotide 
similarity between the different subtypes. This clearly shows that 
the H1 and H2 subtypes are more closely related to one another 
in both their HA1 and HA2 subunits than either is to the H3 or 





Table 1 Conservation of amino acid and nucleotide sequences in 
strains of different H subtypes 





% Amino acid conservation 








H2 H3 H7 
58(79) 35(53) 33(51) 
H2 61(72) 36(50) 35(53) 
H3 45(58) 45(57) 36(65) 
H7 44(58) 46(59) 45(66) 


% Nucleotide conservation 


The conservation in the HA1 subunit is given first, with the conser- 
vation in the HA2 subunit shown in parentheses. Amino acid conserva- 
tion is listed above the diagonal and nucleotide conservation below. See 
Fig. 1 legend for the specific strains used in this comparison. 






H7 subtypes. The 58% amino acid conservation in the HA1 
subunit of the H1 and H2 subtypes is far greater than the typical 
33-36% similarity of the other possible comparisons. The fact 
that H1 and H2 subtypes are related is also apparent from the 
nucleotide sequence comparisons (Table 1). 

The demonstrable homology of all haemagglutinin subtypes 
shows that they must have evolved from a common ancestral 
gene by a process of point mutation and the occasional deletion 
and addition. From the extent of antigenic drift in the human H3 
subtypes, we know that change can occur quickly at a rate in the 
order of 1% amino acid change per year for the HA1 subunit (a 
value estimated from the extent of drift in the H3 series 
A/NT/60/68, A/Memphis/102/72 and A/Victoria/2/75)?*" 
Thus, in theory, if this rate of drift were maintained and were 
also applicable to the H1 subtype, the 42% difference in the 
amino acid sequence of the HA1 subunit of the H1 and H2 
subtypes could have arisen on the assumption that H2 evolved 
from the H1 subtype in a 42-yr period. But surveillance of 
human influenza strains since their isolation in 1933 (ref. 25) 
suggests that the H1 subtype did not undergo such an extensive 
‘drift’, at least in man. No intermediate linking strains spanning 
the H1 and H2 subtypes were isolated; the H2 subtype appeared 
suddenly in 1957 (along with a new neuraminidase subtype) 
presumably from a mammal or bird reservoir in which influenza 
is common”’, There remains the possibility that drift of the H1 
subtype giving rise to the H2 subtype occurred in a mammalian 
or avian reservoir, Indeed, H1 strains do infect pigs?” but again 
no evidence of intermediate strains between the H1 and H2 
subtype have been observed in the last 48 yr. 

Thus, the H1 and H2 subtypes are evolutionary more closely 
related to one another than either is to the H3 and H7 subtypes 
but the evolutionary time scale cannot yet be estimated. It will 
be interesting to sequence completely some of the eight other 
known mammalian or avian haemagglutinin molecules because 
distant relationships between subtypes could have remained 
undetected in the traditional immunological screening methods 
used to classify haemagglutinin subtypes’. An independent 
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sequence analysis of the haemagglutinin of another H1 subtype, 
A/WSN/33, has recently been completed’. This strain also 
shows homology to the H2 subtype. 

We thank Mrs M. A. Robertson for supplying virus and RNA 
and Dr A. Caton for critical reading of the manuscript. G.G.B. is 
supported by a MRC project grant S.F. by a NSF predoctoral 
fellowship and G.W. by a research fellowship from Trinity 
College, Cambridge. 

Note added in proof: We recently learnt of a Chinese report’? 
providing serological evidence of shared antigenic determinants 
between late variants of the H1 subtype and early variants of the 
H2 subtype; this correlates well with their molecular homology. 
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The ‘petite colonie’ mutation of Saccharomyces cerevisiae’” is 
characterized by an irreversible loss of respiration and by an 
extraordinarily high spontaneous mutation rate™*. Crosses of 
wild-type cells with petite mutants exhibit a non-mendelian 
segregation of the mutation, yielding either wild-type progeny 
only’, or both wild-type and petite mutants in proportions 
essentially dependent on the particular petite used’, In the first 
case, the petites entering the cross are called neutral, in the 
second one suppressive’. While the molecular basis of the 
spontaneous petite mutation is now underst 12, suppres- 
sivity has remained an elusive phenomenon for the past 25 yr. 
We report here that the mitochondrial genome of most spon- 
taneous petites (which is exclusively made up by the tandem 
‘repetition of a DNA segment excised from the genome of 
parental wild-type cells*®) carries at least one of the ori 
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sequences of the parental wild-type genome. These are long 
homologous DNA stretches showing striking similarities with 
the origins of replication of mitochondrial DNAs from mam- 
malian cells. The properties (intact or altered primary structure, 
high or low number) of the ori sequences of petite genomes 
seem to determine suppressivity—the level of transmission of 
petite genomes to the progeny of crosses with wild-type cells. 
These results indicate that ori sequences are indeed origins of 
DNA replication and that suppressivity depends on the relative 
replication efficiencies of petite and wild-type genomes. 

We previously proposed that the mitochondrial genome of 
wild-type yeast cells contains several origins of replication and 
that at least one of them is carried by the excised segment which 
will become the repeat unit of a spontaneous petite’. We 
tentatively localized such an ori sequence within the common 
central stretch of the genome of two spentaneous petites excised 
from the same region of the wild-type genome”. This stretch is 
characterized (refs 7, 12 and Figs 1, 2, 4) by two short GC 
clusters, A and B, flanking a 23-nucleotide AT palindrome, p, 
and a short sequence, s; and by one long GC cluster, C, 
separated from B by long AT sequence, L We then found a 
common 80-base pair sequence centred on cluster B, and more 
recently, the whole ori sequence in petite genomes derived from 
five regions of the wild-type genome’™"?**"°, 

Screening of the mitochondrial genomes of ~400 spon- 
taneous petites derived from wild-type strain A’ revealed that 
all except two contained an ori sequence, as judged from. the 
restriction sites located on clusters A, B and C (Fig. 1; Table 1). 
Restriction mapping showed that the cri sequences of different 
petite genomes were surrounded by different flanking regions 
and indicated the existence of at least seven ori sequences, 
ori 1~7 (Fig. 1), on the wild-type genome. This conclusion was 
confirmed by hybridization experiments in which labelled 
mitochondrial DNAs from petite genomes carrying different ori 
sequences showed seven common hybridization bands on 
Haelll fragments from the parental wild-type genome; these 
fragments had the same sizes as Hael!I fragments carrying the 
different ori sequences on the petite genomes of Fig. 1. An 
eighth hybridization band might indicate the existence of yet 
another origin. 

Figure 1 also shows that (1) three petite genomes, 
a-3/1/5/B1, b17 and a-3/1, contained two ori sequences each; 
(2) two petite genomes, a-3/1/5 and a-3/1/33, had an ori se- 
quence lacking cluster C, and two petite genomes, a-1/1R/14 
and a-1/1R/1/26, had an ori sequence lacking cluster A 
(ori~ petites, having a partially deleted ort sequence); (3) petite 
a-15/4/1 contained two ori sequences in opposite orien- 
tations—the only rearranged repeat unit found so far among 
spontaneous petites (this sort of petite will be indicated as ort’); 
(4) petite a-15/4/1/10/3, derived by subcloning from the pre- 
vious one, lacked an ori sequence altogether; another ori ° petite, 
a-3/1/B4, was a diploid petite issued from a cross of a-3/1 with 
wild-type strain B and derived from the 15S-oxi 3 region of the 
B genome; these ori’ petite genomes will be discussed in detail 
elsewhere. 

Figure 2 presents ori sequences 1-5 as determined on the 
repeat units of 11 different spontaneous petites (see Table 1). 
The ori 6 sequence and the right end of ori 7 were found in the 
published sequences of petites DS-400/A12 and DS-14 (refs 
16, 17). Homology in the primary structure of different petite 
genomes carrying ori 1 or 3 was nearly perfect, the very rare 
differences being indicated by asterisks in Fig. 2. Comparison of 
different ori sequences indicated perfect homology in clusters A, 
B and C (some differences in clusters A and B of ori 6 being 
probably due to sequence uncertainties** and several differences 
in region / between clusters B and C. 

The stretch shared by all ori sequences is 265 base pairs long, 
its left border at nucleotide 69, and its right border at nucleotide 
334 of Fig. 2. Note, however, that at the left of cluster A ori 6 
presents a very large GC cluster, a, absent in at least ori 1-5; (2) 
ori 4 and 6 contain two additional GC clusters, 8 and y, identical 
in both sequence and location; £ is located between clusters B 
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Fig. 1 Restriction enzyme maps of 
the repeat units of mitochondrial 
genomes of spontaneous petite 
mutants. These arose from wild-type 
Tap strain A, except for a-3/1/5/B1, 
b17 and b, which derived from a 
region (oli 1-2) of wild-type strain B 
in which this genome has the same 
map as A. Some maps present addi- 
tions and corrections compared with 
ref. 5. The map of b17 is a pre- 
liminary one; that of b contains an 
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and C, y at the right of cluster C; at least cluster y is also shared 
by ori 7; (3) ori 4~7 are homologous for 30-40 nucleotides at the 
right of the position of cluster y; (4) some sequence homology is 
present on the left of the ori sequences, particularly in ori 1 and 
2; (5) the overall homology between ori 4, 6 and possibly 7 may 
comprise 370 nucleotides; (6) ozi 1 and 2 show homologies for at 
least 30 base pairs on the right of the ori sequence; and (7) the 
full sequence of the repeat units of ori” petites (ref. 12 and paper 
in preparation) indicated that these are the result of excisions 
involving two direct repeats, one of which is within the ori 
sequence. 


and not all Avall sites are shown. 
Asterisks indicate restriction sites 
whose locations need to be 
confirmed. Ori sequences are 
underlined: cluster A corresponds to 
an Avall site, cluster B to Hpall, 
Avall, Mboll site clusters, cluster C 
to a HphI and a Mnli site. All maps 
are centred on cluster B and oriented 
with clusters A, B, C, from left to 
right. Vertical broken lines indicate 
excision sites where precisely 
known. bp, Base pairs, 
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Hybridization of labelled petite mitochondrial DNAs 
containing different ori sequences on restriction fragments from 
wild-type DNAs has been performed and restriction maps of 
both sets of DNAs have been compared with maps from other 
laboratories'***, Using these results, it was possible to localize 
and orient (Fig. 3) ori 1~7 on the mitochondrial genome of 
wild-type cells and show that the inverted repetition of ori 5 on 
a-15/4/1 was not present on the wild-type genome. The dis- 
tribution of the ori sequences is very uneven with five sequences 
on one-third of the map, the region most often represented 
among the genomes of spontaneous petites”. Note that ori 
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of ori 3 corrects some mistakes'* in the 10 
nucleotides at the left of cluster A, and in one 
nucleotide at the right of cluster B. 


Porrerreesterec cee cceneeearenns ee OE AE E ae 0 io mL 
k 7 Hoeli Hpol Hphi Mboi Avol Mboll Alul HgiAl EcoRI Mati Ddet 


YT mt... ms a 
S'TETCCCAGGICCCGGTTTCGTAAGAAACCGGGAC 3° 
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Table i The mitochondrial genomes of spontaneous petites: properties of ori sequences and suppressivity 





Repeat unit length Primary 
Petite strain (base pairs) structure 
a-1/1R/1 884 w 
a-1/1R/Z1i 416 w 
a-1/1R/40 | 606 m 
a-1/1R/14 380 w 
a-1/1R/1/26 392 w 
b 875 o 
a*-1/7/12 4,500 o 
a*-1/7/8 1,760 o 
a-3/1 4,700 o 
a-3/1/5 345 w 
a-3/1/33 400 w 
a-3/1/B31* 1,360 o 
a-15/3/2 4,300 m 
a-15/4/1 4,800 m 
a-15/4/1/1 1,560 m 
a-15/4/1/4 1,220 m 
a-15/4/1/10/1 1,780 m 
a-15/4/1/10/2 1,830 m 
a-15/4/1/10/3 970 m 
a-15/4/1/B3* 1,170 o 
a-3/1/B/B1* 16,500 m 
bi7 ~ 7,800 e 


‘mnauaautenatmerrameraranstntererrnaenarneantnaninataniniaenmnuntititnemmmmtaaenannnttrmeratanitetttinmmmimintittniemmtenitenmnnttiemmemaauentttertieteneinesanesentnnuntesnntieitteniternimen 


Transmission of 


Ori sequence % Suppressivity petite genomes 
ori 1 >95 8:4 
ori 1 >95 
oril >95 
ori 17(A>) 80 11:6 
ori 17(A~) 80 5:0 
ori 2 >95 10:0 
ori 3 60-80 36:0 
ori 3 85 14:0 
ori 3 +4 60-80 28:4 
ori 3°(C7) <5 Eo | 
on FC) <$ 
ori 4 _ ~~ 
ori S §0-60 12:0 
ori 5 +5 <§ 3:12 
oni § gS 12:6 
ori $ 90 12:0 
ari § 90 12:0 
ori § 85 12:0 
ori? ~i 5:13 
ori $ ~ ~~ 
ori 2+6 — rr 
ori2+7 80 ~~ 





wand 0 indicate that the primary structure is known for the whole repeat unit or for the ori sequence and the flanking sequences, respectively. All other repeat unite were 
physically mapped (m). The transmission of petite genomes concerns ~200 diploid petites from crosses of sponta neous petites with wild-typestrain B (A it the case of petite 
b). Mitochondrial DNAs were mapped with restriction enzymes. The ratio presented is that of diploids having: the repeat units of the parental'petite to diploids having 


modified repeat units (see text). 


* Diploid petites from crosses of spontaneous petites with wild-type cells. The repeat units of a-3/1/B31, a-15 /4/1/B3 and a-3/1/5/B1 originated from the genomes of 
a-3/1, a-15/4/1 and B, respectively. They were used to sequence ori 4, ori 5 and to map ori 6, respectively. 


sequences do not have the same orientation (Fig. 3) and that ori 
3 and 4, and ori 2 and 7, share a very similar tandem arrange- 
ment. 

Three independent lines of evidence indicate that the ori 
sequences are indeed origins of replication. (1) The region 
between clusters A and B inclusive can be folded ina way (Fig. 4) 
very similar to that reported for a region of the replication origin 
of mammalian mitochondrial DNA***°; all base pair changes 
found in this region in different genomes are localized in the 
looped-out sequence s. Cluster C is almost identical (Fig. 4) in 
sequence to a GC cluster, similarly located relative to the A~B 
region, in mammalian mitochondrial DNAs***°, (2) Ori 
sequences are present in the repeat units of most spontaneous 
petites. (3) A clear correlation exists between the properties of 
the ori ‘sequences. and suppressivity, as indicated by the 
following. 

We reported previously that crosses of two spontaneous 
petites (a-1/1R/1 and b) with wild-type cells produced diploids 
only harbouring the unaltered mitochondrial genome of the 
parental petite used in the cross’*'*"*'5, Both petites were very 
highly suppressive (that is, the percentage of petites in the 


progeny was >95%) and had mitochondrial genomes charac-- 


terized by very short repeat units (~1% of the wild-type 
genome). We called these petites, which have also been reported 
from other laboratories*’**, supersuppressive, and suggested 
that their mitochondrial genomes were only ones found in the 
progeny because they contained multiple copies of the origin of 
replication due to tandem amplification of their repeat units and 
they replicated more efficiently than the wild-type genome, 
which they could compete out'’!**5, We have now investi- 
gated the general case of petites having any degree of suppres- 
sivity. The results are presented in Table 1 and lead to the 
following conclusions. 

(1) Most of the 200 petite diploids had restriction maps 
identical to those of the parental petites, regardless of the 
suppressivity of the latter. The few cases where a different 
situation was found (Table 1) corresponded either to a genome 
resulting from a new excision process which had occurred in the 
parental petite genome or, more rarely, in the parental wild-type 
genome. 

(2) Partial or total deletions or rearrangements of ori 
sequences were always accompanied by drastic changes in 
suppressivity: the total deletion of ori 5 in a-15/4/1/ 10/3 
resulted in a suppressivity of ~1% as opposed to 90% for 


a-15/4/1/4; the deletion of cluster C plus about 100 base pairs 
On its left in ori 3 led to a suppressivity <5% in a-3/1/5 and 
a-3/1/33, whereas a*-1/7/8 (although having a much larger 
repeat unit) had a suppressivity of 85% ; the deletion of cluster A 
in ori 1 caused a decrease in suppressivity, from >95% in 
a-1/1R/Z1 to 80% in a-1/1R/14 and a-1/1R/1/26; and the 
presence of a duplicated inverted ori $ sequence in a-15/4/1 
was associated with a suppressivity of ~$%, whereas a-15/3/2, 
having a comparable repeat length, but only one ori 5 sequence, 
had a suppressivity of 50-60%. 5i 

(3) The repeat unit length affects replication efficiency as seen 
by comparing the suppressivities of a*-1/7/8 and a*-1/7/12, 
two petites carrying the same ori 3 sequence, or of a-15/3/2 and 
the series a-15/4/1, all containing ori 5. In all cases a shorter 
repeat length, and thus a higher density of wri sequences, is 
accompanied by a higher suppressivity. Similar observations 
have been reported previously”. 











Fig. 3. Localization of ori sequences on the physical map of the 
mitochondrial genome of wild-type.strain A, (This map is almost 
identical to that of strain KL-14-4A’*) Positions indicated cor- 
respond to cluster B. Restriction sites are indicated by the symbols 
used in Fig. 1; © corresponds to the Sall site, used as the map 
origin. The orientation of ori sequences is given by arrows pointing 
in the direction of cluster C. Black and haiched areas correspond to 
exons and introns, respectively, of mitochondrial genes. Their 
localization is based on refs 16-26. The localization of tRNA genes 
is shown by thin radial lines. 
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Hela eh 
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fe 260 bp 
Fig. 4 Comparison of ori sequences of mitochondrial genomes 
from yeast (present work) and HeLa cells?®, Homology of potential 
secondary structure is found for the inverted repeats in the A-B 
region (arrows indicate the base changes found in this region in 
different petite genomes). Homology of primary structure is found 
for cluster C. The bottom compares the two ori sequences; the 
arrows indicate the inverted repeats of the A-B; region, the broken 

line corresponding to the looped-out sequence. bp, Base pairs. 


Two explanations have been put forward to account for 
suppressivity. The first one proposes a replicative advantage of 
the mitochondrial genome of suppressive petites over that of 
wild- type cells?~**. It was directly inspired by the work of Mills 
etal.” on the replication of QB DNA but was not accompanied 
by any molecular model. The second one proposes a destructive 
recombination of the petite genome with the wild-type 
genome™*?, and predicts that a number of different petite 
genomes are formed as the consequence of the increased paren- 
tal genome instability due to the insertion of the petite genome. 
The present results contradict this latter explanation because 
most of the diploid petites studied here had genomes identical to 
those of the parental petites. Indeed, they provide for the first 
time a precise molecular basis for the former explanation of the 
replicative competition. 

We thank Miss Claire Gaillard, Dr René Goursot and Mr 
Alain Huyard for help in mapping and sequencing studies, Miss 
Martine Brient for typing this manuscript and Mr Philippe 
Breton for the artwork. 
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The classical cell-surface histocompatibility antigens (H-2 
antigens in the mouse), known to have key roles in cell-to-cell 
recognition’, are encoded by at least three highly polymorphic 
genes (H-2D, K and L)’. Like their human (HLA) counter- 
parts’, H-2 heavy chains span the cell membrane with a short 
C-terminal cytoplasmic region and an N-terminal extracellular 
stretch of about 280 amino acids. HLA antigens seem to be 
organized in three domains containing B-pleated sheets, with 
disulphide loops within the second and third domains, but the 
relative scarcity of material has hampered biochemical studies of 
the H-2 antigens**. We now report the sequencing of plasmids 
carrying H-2 cDNA as a means of inferring the amino acid 
sequence of the antigens, and especially of their previously 
poorly described C-terminal half. 

The isolation of recombinant plasmids pH-2°-1 and pH-2°-3 
is described in Fig. 1 legend and elsewhere’. Restriction maps of 
the cDNA inserts, 1,150 and 980 base pairs (bp) long, respec- 
tively, are different, but can be tentatively aligned on Peull, Ssel 
and Psi sites (Fig. 1). Both inserts contain a noncoding stretch of 
about 480 bp next to the poly(A) sequence. The 627- and 
479-bp long coding sequences and their corresponding amino 
acid sequences are given in Fig. 2. They show extensive 
homologies with available sequences of H-2 and HLA mole- 
cules (82% with H-2K", 73% with HLA B7) (Fig, 3y 68-1 
allowing unequivocal alignment in the third domain. With 
reference to HLA’, we assigned nucleotide 133 to the first 
tryptophan residue in pH-2*-1 and nucleotide 181 to the first 
arginine in pH~2°-3. Both clones should, accordingly, code for 
the entire third domain, the membrane spanning region and the 
cytoplasmic segment. 








$Present address: Department of Cell Research, The Wallenberg Laboratory, University of 
Uppsala, Uppsala, Sweden. 
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Fig. 1 Restriction maps of pH-2°-1 and pH- 
27.3 inserts and strategies to sequence them. 
The cDNA library from which pH-27-1 (ref. 7) 
was selected had been constructed using 
mRNA from SL2 lymphoma cells grown as 
ascites in DBA/2 mice (H-2° haplotype). The 


400 independent bacterial clones of this library | t | tt | t t | | t t | t t t t T 
were further screened by in situ hybridiza- roils Cae Se I = 3 BR ePe y È 
tion’’, using a fragment of the insert of the first Z 2- 22 ¥ g 2 3 oa Ë i ee neti ž ge ge = 
H-2 clone as a probe. The DNAs of the positive £ 2 Pa 3: Pan =i gs PE Z 
responders were then tested for the specific | | = | ® | | ee tee | er 38 
binding of H-2 mRNA as already described’. p} ti) ul 4 


At least two of them, pH-2°-2 and pH-2°-3, 
were found positive in this test. The cDNA 
insert of pH-2°-2 was found identical to part of 
that of pH-2°-1, and was not analysed further. 


Plasmid DNA was prepared from cleared lysates”, „partially purified by centrifugation in a CsCl/ethidium bromide gradient, and further purified 


by fractionation through a 5-40% sucrose gradient” . 


Digestion with restriction endonucleases (Biolabs, Boehringer or BRL) were carried out in 


standard conditions. Restriction maps were constructed from the size of the DNA fragments, estimated from electropharetic patterns on agarose 
or acrylamide gels? *?, As indicated, each cDNA insert is bordered by two reconstituted Psi sites°*. Both inserts have the same orientation with 
respect to pBR322 map. pBR322 sequences are presented here in their usual orientation, so that the parts of the cDNA sequences corresponding 


to the 3’ ends of the messengers are on the 


left-hand side of the inserts. The coding regions are represented by thick lines. The restriction 


fragments sequenced are represented by arrows. They were labelled at their 5’ (@) or 3' (@) ends, and cleaved secondarily to generate 
subfragments with only one labelled end®°. Sequencing techniques used were those of Maxam and Gilbert?’ (——) or Maat and Smith” (—~—}, 
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Fig. 2 Coding sequences of pH-2°-1 and pH-2°-3. Both sequences have been aligned as described in the text, the 5’ terminus is to the left, the 3' 
terminus to the right. The putative glycosylation (®) and phosphorylation (©) sites are labelled. The positions at which a difference is found 
between the two nucleotide sequences are labelled (@). 


A continuous stretch of 26 uncharged amino acids, mostly 
hydrophobic, extends from amino acids 282 to 307, displaying at 
the expected position the characteristic features of a membrane- 
spanning segment. Noticeably, it contains a repetition (Val-Val- 
Leu-Gly-Ala-Val, followed by Val-Ile-Leu-Gly-Ala-Val) in 
pH-2°-1, also seen at the nucleotide level in pH-2°-3. The 
amino acid residues differ in 10 out of the 26 positions, suggest- 


ing that the major constraint is the sole maintenance of hydro- 
phobicity. No homology with membrane-spanning segments of 
other membrane proteins was found. 

Amino acids 308-338 correspond to intra-cytoplasmic 
sequences which have been reported tc be phosphorylated “and 
associated with components of the cytoskeleton”. A possible 
phosphorylation site (Arg-Asn-Thr)** is found at position 313 in 
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both H-2 clones. At the border with the membrane, a cluster of 
four basic residues (Lys-Arg-Arg-Arg) is found in both clones. 
As clusters of basic amino acids in similar positions have been 
found in HLA-A2 and HLA-B7 (ref. 15), membrane-bound 
IgM'°, human glycophorin’” and several viral glycoproteins'®, 
we propose that they might be involved in the positioning of 
transmembrane proteins. 

The amino acid sequence located at the external membrane 
border shows many variations. The conserved proline residues 
at positions 276-278 indicate breakage of the a-helical struc- 
ture, suggesting that this segment can form a flexible link, in 
agreement with the accessibility of this region to papain®. 

pH-2"-1 codes for the third domain and half of the second, 
whereas pH~2*-3 codes for the third domain only. Cysteinyl 
residues at positions 164, 203 and 269 are likely to be those 
involved in intrachain disulphide bridges, as they are in H~2K° 
(refs 4, 5, 19). Possible glycosylation sites (Asn-Tyr-Thr)”° are 
found at positions 176 and 256 in pH-2%-1 and pH-2‘-3, 
respectively. The two amino acid sequences are extremely 
similar. Divergences are found mainly as clusters (positions 
193-198, 225-227, 255-258, 275-303) also seen in 
comparisons with HLA with additional variations. 

The third domain of HLA shares significant homologies with 
the constant domains of immunoglobulin heavy chains?™??, 
Using the alignment frame designed for HLA”’, we found that 
the third domains of the H-2 molecules encoded by the two 
plasmids display the same type of homology (in preparation). At 
20 out of the 23 aligned positions corresponding to hydrophobic 
amino acids involved in the -pleated sheet structure in 
immunoglobulins, hydrophobic residues are also found in H-2 
sequences. These results suggest strongly that the third domain 
of H-2 antigens, like that of HLA, is folded in an immuno- 
globulin-like three-dimensional structure. When the afore- 
mentioned clusters of amino acid differences between pH-2°-1 
and pH-2*-3 are placed in the three-dimensional immunoglo- 
bulin model, they fall in loop areas (in 8 differences out of 10), 
while B-pleated sheets correspond to highly conserved regions. 
This suggests that the three-dimensional structure of the third 
domain imposes constraints on divergences. This could be true 
for other parts of the molecule as well and be important in the 
understanding of the basis of alloantigenicity. 

Comparisons with available data on H-2D°, Kĉ and L“ (Fig. 3) 
show that pH-2*-1 differs from H-2L‘ at positions 155, 156, 
169 and 262. It has a methionine at position 138, whereas the 
cyanogen bromide cleavage map of H-2K‘ indicates that there is 
no such residue in the molecule’®. At 57 out of 58 assigned 
positions the pH-2*-1 amino acid sequence is identical to that of 
H-2D‘%, the only difference being at amino acid 255, denoted as 
‘tentatively assigned’’’. Therefore, pH~2°-1 cannot code for 
H-2L* or H-2K“, but could well code for H-2D°. The pH~2°-3 
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Table 1 Analysis of the nucleotide changes between pH~2°-1 and pH-24-3 
sequences 





Silent 
substitutions 


3/214 = 0.023 


Total 
substitutions 


22/918 = 0.024 


Replacements 


Codons 183-284 17/704 = 0.024 
(third domains) 
Codons 285-308 
(membrane 
spanning regions) 
Codons 309-339 
(cytoplasmic 
fragments) 
Codons 183-339 


7/148.5=0.047  2/58.5= 0.034 9/207 = 0.043 


3/221.5=0.014 1/66.5=0.015 4/288 = 0,014 


27/1,074= 0.025  8/339=0.024 35/1,413 = 0.025 





pH-2%-1 and pH-2*-3 were compared over their aligned sequences (Fig. 2). The 
rate of ‘silent substitutions’ (see text) was determined by a computation similar to 
that described by Lomedico et al.**: all possible single-step mutations (that is, 
three possible changes for each base) were totalled over the 157 aligned codons, 
and classified as replacements if they involved an amino acid change, and as silent 
substitutions if they did not. The numbers were then averaged for the two genes. 
The fractions displayed in the table indicate the number of replacements (or silent 
or total substitutions) actually recorded over the total number of possible 
replacements (or silent or total substitutions). 


sequence differs from H-2D* at position 262 (ref. 11) and is 
compatible with the 15 assigned positions reported for H-2L in 
the corresponding area’’. It has a possible glycosylation site”? at 
positions 252-258 as would be expected for H-2K° (P. Robin- 
son, personal communication). Protein sequence data are thus 
too limited to allow conclusive assignments, especially as the 
cloned sequences could also specify Tla, Qal, Qa2 or other 
H-2-like antigens”, in line with the finding that the mouse 
genome contains multiple H~2-related sequences”. 

The nucleotide sequences of pH-2"-1 and pH-2°-3 diverge in 
only 47 (9.7%) of the 485 bases aligned for comparison (includ- 
ing 12 aligned with empty positions, Fig. 2). The third domain 
shows remarkable conservation with only one base change in a 
stretch of 156 nucleotides (positions 204-255). Surprisingly, 
silent changes (with no corresponding amino acid change) are 
unusually rare, compared with replacement changes (Table 1), 
whereas in other genes the former arise more often than the 
latter’°?”. This raises several hypotheses: a special conservative 
constraint might exist on the nucleotide sequences themselves, 
making the silent changes not neutral. Alternatively, the two 
proteins may have diverged too rapidly to allow the accumula- 
tion of neutral mutations in their genes*°. Whether this feature is 
related to a mechanism involved in the generation of the natural 
polymorphism of these genes or not remains to be investigated. 

We thank Miss O. Lebail for technical assistance, Mr B. 
Caudron for assistance in computer usage and Dr D. Meyer fora 
critical reading of the manuscript. The work described here was 
done in accordance with the French and German guidelines for 


Fig. 3 Comparison of the amino 
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Myoglobin (Mb) reversibly binds molecular oxygen in verte- 
brate muscle and consists of a polypeptide chain of 153 residues 
and one haem, which closely resembles one subunit of a 
haemoglobin (Hb) tetramer. In oxygenated myglobin (oxyMb) 
the iron atom is coordinated by four porphyrin nitrogen atoms, 
N° of the invariant ‘proximal’ histidine (F8), and molecular 
oxygen". The oxygen molecule lies in a tight pocket, bounded by 
two hydrophobic groups (Phe CD1 Val E11) and the side chain 
of the ‘distal’ histidine (E7). This histidine is present in Hb and 
Mb of many different organisms, with substitution by glutamine 
or leucine found in only a few cases. The function of the residue 
is not clear, although it does present steric hindrance to linear 
ligands such as carbon monoxide and favours ‘bent’ ones, such as 
O2. We report here that the imidazole stabilizes bound molecu- 
lar oxygen with a hydrogen bond, as revealed by neutron 
diffraction analysis. 
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Fig.1 Arrangement of proximal (F8) anc distal (E7) histidines in 

oxyMb. At pH 8.4, nitrogen-bound hydrogen on E7 imidazole can 

be bonded to either N° (the naturally predominant form), with a 

hydrogen bond to O-2 (dotted line), or to N° where it projects into 
the solvent surrounding the molecule. 


Pauling’ first proposed that the imicazole may form a hy- 
drogen bond to the terminal oxygen atom (O-2 in Fig. 1), which 
carries a formal negative charge in his view of the electronic 
structure of the FeO, complex. Evidence suggesting such a bond 
comes from electron paramagnetic resonance and oxygen 
affinity data on cobalt-substituted Hb and Mb*". The pK of the 
distal histidine is ~5.5 (ref. 4). At physielogical pH (and the pD 
of the crystals used here) the histidine may have hydrogen~- 
bonded to either N° or N° (see Fig. 1), and interaction with O-2 
may therefore be by a hydrogen bond, or a simple van der Waals 
contact. X-ray crystallography of protein crystals cannot dis- 
tinguish between these alternatives as hydrogen atoms scatter X 
rays only weakly, and are not normally visible in electron density 
maps. Neutrons, however, are scattered as strongly by hydrogen 
and deuterium as C, N, O, S and Fe atoms, and well-ordered H 
and D atoms may be observed in neutron density maps of 
proteins®’. 

Crystals of oxyMb were prepared from frozen sperm-whale 
skeletal muscle’. Large crystals (8 mra*) were transferred to 
deuterated mother liquor (pD 8.4) at 20°C 3 months before data 
collection, because hydrogen gives strong incoherent scattering 
of neutrons which increases the background level in diffraction 
data collection. Replacement of H,O solvent in crystals with 
D,O, and subsequent replacement of exchangeable H atoms 
with D in the protein, alleviates this problem and improves the 
signal-to-noise ratio of the data. It alsc allows exchangeable H 
atoms to be identified in the density map, as H scatters out of 
phase with respect to D. 

Neutron diffraction data were collected using the protein 
crystallography station of the High Flux Beam Reactor at 
Brookhaven National Laboratory. The diffractometer was 
equipped with a two-dimensional multpwire proportional coun- 
ter® and a cooling device to maintain the crystals at ~5 °C and 
retard oxidation of the haem iron. Two crystals were used for 
data collection, each being exposed to the neutron beam for 21 
days. No radiation damage or oxidation was observed; 88% of 
available data to 2 A resolution was collected, together with 
further data between 2 and 1.5 A, giving 14,411 independent 
reflections. The merging R factor between crystals was 14.1% 
on intensities. 

Calculated phases and amplitudes for the neutron data were 
computed from the coordinates of all C, N, O, S and Fe atoms in 
the refined X-ray structure’, including 60 ordered H,O mole- 
cules. A difference density map (coefficients |Fy|— |F]: crystal- 
lographic R factor 35% for 10,152 reflections with J > 1.5g (0) 
showed clear peaks for 40% of the missing H and D atoms. 
Small peaks were visible at both N° and N° of His E7. H and D 
atoms observed in the map were added to the model, together 
with unobserved ones whose positions were known from 
stereochemistry (for example, most C—H groups), but ring 
nitrogen-bound H or D atoms for histidines were omitted—this 
reduced R to 33%. A second difference map failed to resolve 
the ambiguity at His E7, and combined crystallographic and 
conformational energy refinement was initiated, using methods 
described for X-ray refinement of oxyMb, but modified for use 
with neutron data. Seven cycles of coordinate refinement were 
carried out, with three cycles on individual atomic thermal 
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parameters, reducing R to 18.8%. A difference map calculated 
at this stage (Fig. 2) shows a strong peak adjacent to N“ of His 
E7, indicating the N-bound deuterium. An observed density 
map (coefficients 2|Fo|—|F.|) is shown in Fig. 3, and the high 
concentration of scattering density at N° compared with N° 
confirms the presence of the D atom. As this atom had not been 
included in the model for refinement or phase calculation, the 
peaks result from information present in the observed data 
alone, and are not biased by assumptions about the structure. 

The geometry, summarized in Table 1, indicates a medium 
strength hydrogen bond, although the coordinates may change a 
little with further refinement when D is included in the model. 
Such a bond could contribute several kcal per mol to the 
enthalpy of oxygen binding, and the position of the E7 imidazole 
might therefore act as a means of control of oxygen affinity in Hb 
and Mb. 

However, direct observation of the hydrogen bond cannot 
resolve the controversy between proponents of the Fe(tI)- 
superoxide model for oxygen binding”, and those favouring a 
spin-paired model"? with varying degrees of charge transfer 
between Fe and O., but it does does suggest that molecular 
orbital calculations attributing no partial negative charge to O-2 
should be regarded with caution, as no hydrogen bond was 
found between N° and bound CO, where charge transfer is 
absent’, 

We thank Dr M. F. Perutz for suggesting this experiment and 
Dr D. F. Koenig for assistance with initial data reduction. This 





Table 1 Geometry of histidine-oxygen hydrogen bond 





Distance Angle 
(Å) (degrees) 
N°-D 1.04 N*°-D...0-2 187 
0-2...D 1.98 O-1-0-2...D 96 
NP... 0-2 2.97 





Deviation of O-2 from plane of E7 imidazole ring is 0.61 A. 
* Estimated standard deviations for distances, 0.18 A. 





Fig. 2 Stereo view of [Fyl-|F,) 
neutron difference density map in a 
slab 4 A-thick centred on the plane 
of E7 imidazole ring. The refined 
model is superimposed, showing His 
E7, FeO: and part of the haem, ina 
similar orientation to that in Fig, 1. 
Contours are +£0.35, 0.55, 0.75 
Fermi per A, with negative ones 
shown as broken lines. A strong, 
positive peak indicates the presence 
of deuterium bonded to N°. 
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Fig. 3 Stereo view of 2/Fy|—[F.| 
neutron density map in identical 
orientation to that in Fig, 2. The 
deuterium has been added to the 
superimposed model with calculated 
stereochemistry. The fit to the map is 
good, although adjustment of the 
imidazole in later refinement may 
improve it. Note that whereas D, C, 
N, O, S and Fe atoms give positive 
peaks, H scatters out of phase and 
gives negative peaks. Contours are 
~1.0, ~0.5, 1.0, 2.0, 3.0, 4.0 Fermi 
per A’. 
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Interaction between factor VIII/von Willebrand factor, a 
plasma glycoprotein, and platelets is essential for platelet 
adhesion and subsequent platelet plug formation at sites of 
vascular injury during primary phase haemostasis’”. We now 
report that binding of **‘I-labelled factor VIII/ von Willebrand 
factor to its platelet membrane receptors is inhibited by prein- 
cubation of washed human platelets with inhibitors of Ca’*- 
calmodulin complex (for example, 50 pM trifluoperazine or 
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chlorpromazine) at 37°C for 2 min. Scatchard analysis of the 
binding data indicates that the total number of accessible bind- 
ing sites on each pretreated platelet is significantly reduced to 
~50% of the original value. There is also negative cooperativity 
of binding or reduced binding affinity in a major portion of 
binding sites. Platelet shape changes from diskoid to spherical 
after treatment. The results suggest that Ca’*-calmodulin 
complex modulates platelet shape and membrane receptor 
behaviour. 

Recent studies suggest that calmodulin, an intracellular cal- 
cium receptor, is important in mediating Ca**-regulated cellular 
secretion, motility and enzyme activities (see refs 3, 4 for 
reviews). Trifluoperazine (TFP) and other phenothiazines are 
known to bind to Ca?*-calmodulin complexes and block their 
action’. It has been demonstrated®’ in human platelets that 
calmodulin is essential for the activity of platelet myosin light 
chain kinase, which is responsible for phosphorylation of myosin 
light chain and subsequent actomyosin contraction. Moreover, 
platelet aggregation induced by ADP, thrombin, adrenaline, 
collagen or factor VIII/von Willebrand factor (FV. Ill/vWF) is 
inhibited by inhibitors of Ca’*-calmodulin complex, such as 
TFP®"°, The exact mechanism by which inhibition of Ca’*- 
calmodulin complex function results in failure of platelet 
aggregation is unknown. Recently, Gerrard etal.™ reported that 
platelet membrane glycoprotein II immunologically cross- 
reacts with a-actinin and may anchor actin filaments. Phillips et 
al.’ reported a close association between actomyosin filaments 
and platelet membrane glycoproteins. In view of these findings 
and regulation of distribution of membrane proteins by cyto- 
skeletal elements in other cellular systems**, we have examined 
the possibility that inhibitors of Ca**-calmodulin complex 
inhibit the binding of platelet aggregating agents to their 
membrane receptors. As we have previously demonstrated that 
binding of FVIII/vWF to its platelet receptors is responsible for 
FVIII/vWF-induced platelet aggregation”, the effects of the 
Ca?*-calmodulin inhibitors, TFP and chlorpromazine (CP)*, on 
platelet shape, and the binding of FVIII/vWF to its platelet 
membrane receptors were studied. 

Human platelets used in these experiments were prepared 
from citrated venous blood of healthy donors who had received 
no drugs for at least 2 weeks before the study. Fresh platelets 
were collected by differential centrifugation’® and washed first 
with Tyrode’s buffer, pH 7.4, containing HEPES (2 mM), 
EDTA (5 mM), apyrase (75 pg ml‘) but no Ca?” or Mg”. The 
platelets were washed again in the same buffer (without apyrase) 
and resuspended in Tyrode’s buffer, pH 7.4, containing 2mM 
HEPES. The concentration of washed platelets was determined 
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Fig. 1 Scatchard analysis of ***I-FVIII/vWF binding to platelets 
pretreated with different phenothiazines. The binding data used for 
the analysis were obtained by incubating platelets with increasing 
concentrations of ‘*°]-FVIII/vWF in the presence of ristocetin 
(1 mg mi™') as described elsewhere’*. In a, washed fresh platelets 
(5x 10° per incubation) were used. In b, paraformaldehyde-fixed 
platelets (1.2 x 10° per incubation) were used. ©, Control; A, TFP 
pretreated; A, TFP sulphoxide pretreated; W, CP pretreated; O, 
CP sulphoxide pretreated. 





Fig. 2 Transmission electron micrographs of platelets pretreated 
with TFP; a shows the control platelets (<24,500), The platelet is 
diskoid shaped. Electron-dense granules, e granules, and the open 
canalicular system are visible. Cross-sections of peripheral circular 
microtubules (arrows) are visible at both ends of the platelet. 
Similar findings are observed in platelets aretreated with DMSO 
(0.5%) or TFP sulphoxide (50 uM). b, Platelets pretreated with 
TEP (50 M) at 37°C for 5 min (x24,590); the platelets have 
become spheroid in shape. Redistribution of microtubules is 
indicated by arrows. The cross-sections of peripheral microtubules 
(arrows) suggest that the platelet in b has the same orientation as 
that in a. The change in shape of platelets after TFP treatment was 
confirmed by scanning electron microscopy. (c, d), c Control 
platelets which appear as disks (x 33,000). Similar morphology was 
observed in DMSO (0.5%) or TEP sulphoxide (50 pM)-treated 
platelets. d, TFP (50 pM)-treated platelets (37°C, 2.5 min). The 
platelets appear as spheres (x3,000). Platelets were fixed as 
described in the text and prepared for scanning electron micros- 
copy as described elsewhere”, Platelets were sputter-coated with 
platinum and examined using an SEM-Phillips 501. 


in a haemacytometer by phase-contrast microscopy. The 
washed platelets were used for all studies of platelet aggre- 
gation, FVIII/vWF receptor binding and shape changes. The 
binding studies were carried out as described in detail else- 
where’. 

To demonstrate that the washed platelets were still responsive 
to treatment with Ca**-calmodulin inhibitors, the effect of TFP 
or CP on platelet aggregation induced by FVII/vWF or 
thrombin was studied by turbidimetry’* in a Chronolog model- 
440 aggregometer at 37°C. The washed platelets (5x 10’ 
platelets mil”') were aggregated by thrombin (0.5 U ml") or by 
FVII/vWF (2ygml') in the presence of ristocetin 
(1 mg ml’). Platelet aggregation was markedly inhibited by 
either TFP or CP (50 uM each) but net by the same concen- 
trations of their inactive sulphoxide derivatives (TFP sulphoxide 
or CP sulphoxide). This result demonstrates not only that pla- 
telets are responsive to TFP or CP after our washing procedures, 
but also confirms the notion that platelet Ca’’~calmodulin 
complex plays an essential part in platelet aggregation induced 
by FVIII/vWF, thrombin or other agerts*””. 

The effect of TFP or CP on ‘I-labeled FVII /v WF binding 
to platelet receptors was then studied. The specific binding of 
1251 _EVIIIL/vWE to platelets was markedly inhibited when the 
washed platelets were preincubated with TFP (50 pM) at 37°C 
for 2 min (Table 1). No inhibition of receptor binding was 
observed when platelets were preincubated with TFP sulphox- 
ide (50 pM), CP sulphoxide (50 uM) or dimethyl sulphoxide 
(DMSO: 0.5%, v/v). Recently, we have demonstrated that 
platelet membrane FVIII/vWF receptors can be fully preserved 
after fixation of platelets with 2% paraformaldehyde’. To 
exclude the possible direct interfering effect of TFP or CP on 
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FVUI/vWF receptor binding, the effect of TFP or CP on 
“*5]-FVIII/vWF binding to fixed platelets was studied. No 
inhibitory effect was observed (Table 1). These results demon- 
strate that neither TFP nor CP directly interferes with '2°1- 
FVIII/vWF binding to the receptors and that responsive fresh 
platelets are required for TFP or CP to have any inhibitory 
effect. 

We also studied the effect of different concentrations of TFP 
on *]-FVIU/vWFE binding (Table 2); an inhibitory effect, 
apparent after the addition of 25 uM of TFP, reached a plateau 
after addition of 100 uM of TFP. This dose response is consis- 
tent with the observations of White and Raynor’? who studied 
the effect of TFP concentrations on thrombin-induced platelet 
aggregation and serotonin release. The fact that TFP inhibition 
of platelet-aggregating agents thrombin and FVIII/vWF is 
concentration dependent suggests that TFP may inhibit platelet 
function by acting on Ca?*~calmodulin complex. í 

Kinetic studies were made to determine whether the inhibi- 
tory effect of TFP or CP on receptor binding results from 
reduced receptor binding affinity or a decreased number of 
accessible binding sites on each platelet. Scatchard analysis of 
the binding data revealed that the total number of accessible 
binding sites on each platelet was significantly reduced after 
platelets were preincubated with TFP or CP (Fig. 1a). Curvi- 
linear Scatchard plots were also obtained. These results indicate 
either that there is negative cooperativity of binding or that a 
portion of binding sites shift towards low-affinity binding after 
pretreatment of platelets with inhibitors of Ca?*-calmodulin 
complex. Again, these effects were not observed in the fixed 
platelets (Fig. 1b). Our observations suggest that treatment of 
platelets with Ca’*-calmodulin inhibitors may affect the dis- 
tribution or the aggregation state of the receptor in the plasma 
membrane. Thus the accessibility of the receptors for the ligand 
or the receptor binding behaviour is affected. 

We therefore studied the ultrastructural changes of platelets 
pretreated with TFP or CP using transmission electron micro- 
scopy and standard freeze-fracture techniques. Washed pla- 
telets were pretreated with different derivatives of the pheno- 
thiazines (50 uM) or DMSO (0.5%, v/v) at 37 °C for different 
time periods. The treated platelets were fixed by adding an equal 
volume of 1.5% glutaraldehyde in 0.1 M cacodylate buffer pH 
7.4, containing 5% sucrose, for 1h at room temperature. The 
fixed platelets were sedimented and processed for freeze-frac- 
ture using a method described elsewhere”*. Fixed platelets were 





Table 1 Effect of trifluoperazine and chlorpromazine on ‘**I- 


FVIII/vWF binding to washed fresh platelets and paraformaldehyde- 





fixed platelets 
Specific binding (c.p.m.) 
Paraformaldehyde- 
Washed fresh fixed 

Pretreatment platelets platelets 
Control 37,625 (100.0) 38,624 (100.0) 
DMSO 36,272 (96.4) 38,243 (99.0) 
TFP 17,902 (46.3) 38,204 (98.9) 
TFP sulphoxide 36,068 (95.9) 37,434 (96.9) 
CP 28,594 (75.9) 36,052 (93.3) 
CP sulphoxide 36,220 (96.3) 37,140 (96.2) 





The specific binding of Y" I-FVIII/vWF to 5x 10° platelets was 
determined as described elsewhere'*. The specific radioactivity of the 
*251.FVIII/vWF protein was 7.3 10° c.p.m. per ug. TFP, CP, TFP 
sulphoxide and CP sulphoxide were dissolved in DMSO. The platelet 
suspensions were preincubated with TFP, CP, TFP sulphoxide or CP 
sulphoxide at 37°C for 2 min; the final concentrations of all these 
reagents was 50 uM. The final concentration of DMSO was 0.5% (v/v). 
All studies were carried out in duplicate; variation between duplicates 
was <5%. The experiments were repeated three times, with similar 
results each time. Only one representative experiment is shown here. 
TFP sulphoxide and CP sulphoxide are derivatives which inhibit Ca’*- 
calmodulin complex to an extent which is only 2~3% of that of TFP or 
CP*. It is unknown whether these derivatives enter platelets. % Binding 
of control is given in parentheses. 
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Table 2 Effect of different concentrations of trifluoperazine on ‘7 I- 
FVIII/vWF binding to washed fresh platelets 





TFP (uM) 
0 10 25 50 100 200 
Specific binding 47,911 48,875 47,111 40,317 20,907 19,400 
{c.p.m.) 
% of control 100 102.0 98.3 84.1 436 40.5 





Specific binding was determined as described in Table 1 legend. The 
specific radioactivity of '°I-FVIII/vWF was 9.5 x 10% c.p.m. per pg. 


also sedimented, fixed by 2% osmium tetroxide, dehydrated and 
embedded in Epon. Thin sections of sample were cut, stained 
with uranyl acetate and lead acetate, then examined using a 
Zeiss EM-10 electron microscope. Results of the study showed 
that distribution of membrane particles in both the E and P face 
of the platelet plasma membrane was not affected by pretreat- 
ment with TFP (50 uM) or CP (50 uM) at 37°C for different 
time periods (2-45 min, data not shown). Nevertheless, thin 
sections of platelets showed the redistribution of microtubules 
and that platelets changed from their original diskoid shape into 
spheres after pretreatment with TFP or CP at 37 °C for 20 min 
(Fig. 2a, b). This finding was further confirmed by examination 
of platelets with a scanning electron microscope (Fig. 2c, d). This 
change in platelet shape was not observed after pretreatment 
with TFP sulphoxide or CP sulphoxide. Inhibitors of Ca?*~ 
calmodulin may effect the change in platelet shape by inhibiting 
the normal function of actomyosin and microtubules, as it is 
known that both these cytoskeletal elements are essential for 
maintaining platelet shape and the Ca?*-calmodulin 
complex regulates microtubule assembly/disassembly and pla- 
telet myosin light-chain kinase’. In addition, we observed that 
platelets became spherical after pretreatment with 25 pM TFP 
at 37°C for 2 min. The degree of change in shape was not 
significantly different between platelets treated with 25 uM and 
50 uM TFP. However, there was a significant difference in 
inhibition of '*°I-FVIII/vWF binding (Table 2). Thus, it is 
unlikely that the reduced binding of FVIII/vWF resulted from 
the change in platelet shape. 

Our results are substantiated by recent observations that 
intra-platelet cyclic AMP inhibits FVIII/vWF binding to pla- 
telets’*’°. It is known that cyclic AMP acts as a Ca?* antagonist 
by enhancing Ca?* uptake into the platelet Ca?” storage sites in 
the dense tubular system””. The results of this study demonstrate 
that Ca?*-calmodulin complex may have an important role in 
regulating platelet membrane receptor behaviour and main- 
taining the diskoid shape of platelets in the resting state. 

This work was supported by US PHS grants HL 24066, HL 
15448 and HL 12486 and the Veterans Administration 
Research Service. 
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Organic solvents modify the 
calcium control of 
flagellar movement in sea urchin sperm 
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The form of flagellar and ciliary beating in various organisms is 
regulated by the intracellular concentration of free Ca** (refs 
1-5). In demembranated sea urchin sperm reactivated with 
1 mM Mg-ATP*~, Ca?” regulates the asymmetry of the flagellar 


waveform. On reactivation at a free Ca’* concentration below , 


10° M, the flagella beat with almost symmetric bending waves’, 
and the sperm swim. in nearly straight paths with an average 
turning rate of ~0.04 radians per beat, whereas in the presence 
of 10° M free Ca’*, the bending waves are highly asymmetric 
and the sperm describe circular paths with an average turning 
rate between 0.2--0.35 radians per beat. Here we show that low 
concentrations of various organic solvents interact with the 
mechanism by which Ca’* induces waveform asymmetry. The 
solvents studied fall into two groups of which the first, consisting 
of methanol, 2-propanol and ethylene glycol, mimic the effect of 
Ca?* and increase the asymmetry, whereas the second group, 
N,N'-dimethylformamide, formamide and p- dioxane, block the 
increase in asymmetry induced by Ca**. However, all solvents in 
both groups act similarly in decreasing the flagellar beat 
frequency. 

The effects of methanol and dimethylformamide on the 
asymmetry of reactivated sperm in the presence or absence of 
added Ca** are shown in Fig. 1. Methanol increases the asym- 
metry in both cases: On the other hand, dimethylformamide 
decreases the asymmetry induced by Ca** and has almost no 
effect on the slight asymmetry found in the absence of added 
Ca’*. The decrease in flagellar beat frequency induced by these 
two solvents is shown in Fig. 2. The preparations of sperm 
remain almost 100% motile until sufficient solvent has been 
added to lower the frequency from ~28 Hz to 18 Hz, beyond 
which the numbers of non-motile sperm increase. Table 1 shows 
the relative sensitivity of the sperm to the various solvents 
tested. With most of the solvents, the relative concentrations 
needed to produce the chosen standard effects on asymmetry 
and beat frequency were about the same; however, the action of 
formamide seems to be relatively selective for asymmetry. 

The changes in symmetry and beat frequency induced by the 
solvents seem to be complete within the time of mixing and to 
remain constant for ~5 min. The effects of methanol and 2- 
propanol seem to be fully reversible if the sperm are diluted 
10-fold out of the solvent solution into fresh reactivating solu- 
tion within ~5 min. The blockage of Ca”*-induced asymmetry 
by dimethylformamide and dioxane, however, is only partially 
reversed on dilution of the sperm into fresh reactivating solution 
containing 1 mM free Ca** but no solvent, although the beat 
frequency immediately returns to its original value. In the 
average of four preparations, the initial turning rate of 0.32 
radians per beat fell to 0.11 radians per beat on addition of 
0.9 mol % dimethylformamide and then rose to only 0.17 radi- 
ans per beat after 50-fold dilution of the solvent. However, the 
asymmetric beating of such preparations could be fully restored 
by the addition of 3.2 mol % methanol, or 1.7 moi % methanol 
and 0.1 mM free Ca’*. 

Brief digestion with trypsin desensitizes reactivated sperm 
flagella to Ca’*, so that the flagellar bending waves become 
nearly symmetric even in the presence of millimolar concen- 
trations of free Ca** (refs 10, 11). This suggests that brief trypsin 
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digestion destroys one or more structures that mediate the Ca?” 
regulation of asymmetry, while leaving intact the ability of the 
flagella to propagate symmetric bending waves. We have 
compared the effect of mild trypsin digestion on the movement 
of reactivated sperm induced to beat asymmetrically by addition 
of 3.9 mol % methanol (in the absence of added Ca?") with its 
effect on a control sample containing reactivated sperm induced 
to beat asymmetrically by the addition of 1 mM free Ca** but no 
methanol. After addition of 0.2 wg trypsin per mi of reactivating 





Turning rate (radians per beat) 
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Fig. 1 Effect of solvent concentration on turning rate of 
demembranated sperm reactivated at 27-23°C with 1 mM Mg- 
ATP” in buffered solution containing either 0.1 mM EGTA (open 
symbols) or 0.1 mM EGTA and added Ca** (1.2 mM) (solid 
symbols). In these two conditions, the actual concentrations of 
Ca** not complexed to EGTA or ATP are estimated to be 
<10°°M and ~1 mM, respectively”. Procedures for demem- 
branating and reactivating sperm of the sea urchin, Tripneustes 
gratilla, were as described earlier for ‘potentially symmetric sperm’ 
(ref 8). @, Methanol and free Ca?* (~1 mM); O, methanol and free 
Ca?*(<10 M); W, N,N'-dimethylformamide and free Ca” 
(~1 mM); O, N,N’ -dimethylformamide end free Ca?*(<1075 M). 
Solvents were Glass Distilled grade from Burdick and Jackson, 
Inc., Muskegon, Michigan; equivalent results were obtained with 
highly purified grades from other sources. The solvents were 
diluted 1:1 with reactivating solution to minimize the heat of 
solution before addition to the sperm. Concentrations are given 
as mol % (mol fraction x 100). For comparison with other units, 
1.0 mol % equals 2.2% (v/v) or 0.55 M methanol, and 3.3% (v/v) 
or 0.53M dimethylformamide. Turning rates were determined 
from time exposures taken at a magnification of x 160 on Polaroid 
3000 Type 107C film by measuring the angle of circular arc 
travelled by the sperm head during an exposure of known duration. 
This value combined with the flagellar beat frequency, determined 
using a stroboscopic flash unit, gave the turning rate in radians per 
beat. Each point represents the mean obtained from measurements 
of 10-30 sperm, and the error bars indicate the standard deviation. 
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Table 1 Relative effectiveness of solvents 





Concentration required to 


Concentration required to 
induce asymmetric beating* 


block Ca?*-induced 
asymmetric beatingt 


Concentration required to 
lower beat frequency? 


{mol %) (mol %) (mol %) 
Ethylene glycol 4.5 p-Dioxane 0.7 Ethylene glycol 4.6 
Methanol 2.5 N,N'-Dimethylformamide 0.6 Methanol 3.2 
2-Propanol 0.5 Formamide 0.4 Formamide 2.5 
N,N'-Dimethylformamide 1.5 
2-Propanol 0.6 
p-Dioxane 0.6 


cement etna 
* The concentration (mol %) needed to raise turning rate to ~0.34 radians per beat in sperm reactivated with 1 mM ATP at 22-23°C ina 
buffer containing 10 mM Tris-HCl, pH 8.1, 0.15 M KCl, 2 mM MgSO,, 0.1 mM EGTA, 1 mM dithiothreitol and 2% (w/v) polyethylene glycol 


(molecular weight 20,000). 


+ The concentration (mol %) needed to reduce turning rate to half its initial value in sperm reactivated with 1 mM ATP at 22-23 °C in the same 


buffer as above, but with CaCl, added (1.1 mM). 


` The concentration (mol %) needed to reduce beat frequency by 9 Hz, with conditions as in first column for ethylene glycol, methanol and 
2-propanol, and conditions as in second column for p-dioxane, dimethylformamide and formamide. 


solution the waveforms became gradually more symmetric at 
about the same rate in both samples, until after 2-3 min the 
sperm swam in almost straight lines with apparently normal, 
symmetrical waveforms. The parallel elimination of both Ca?*- 
induced and methanol-induced asymmetric bending waves by 
trypsin digestion suggests that these two agents share, at least in 
part, a common pathway in regulating asymmetry, and that the 
trypsin-sensitive structure is located in this shared portion. 

While the effects of the solvents on asymmetry divide them 
into two opposing groups, their effect on beat frequency is in the 
same direction in all cases and may be due to a direct alteration 
of the kinetic properties of dynein ATPase’’. This second action 
of the solvents seems to be distinct from their action on asym- 
metry as it is unaffected by trypsin digestion, and it is also distinct 
from that of Ca?*, which, at up to 2 mM in the conditions used 
here, has only a small effect on beat frequency’. 

The relative effectiveness of the solvents in altering the 
asymmetry of flagellar waveforms seems to be unrelated to their 
dielectric constants, which for solvents of the second group 
range from ~2 for dioxane to 109 for formamide’, while their 
relative effectiveness on asymmetry varies less than twofold. 

Cilia and flagella contain calmodulin-like proteins that 
presumably act as Ca’*-receptors'*"'”, Binding of Ca‘ to 
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Fig. 2 Flagellar beat frequency of sperm reactivated with 1 mM 

Mg-ATP?” at 22-23°C as a function of added solvent: @, 

methanol and free Ca?” (<107* M); O, dimethylformamide and 

free Ca?” (~1 mM). Conditions are as described in Fig. 1 legend. 

Each point represents the mean (+s.d.) obtained from measure- 
ments of 8-22 sperm. 


bovine brain calmodulin induces the exposure of a hydrophobic 
surface on the protein which then becomes capable of inter- 
action with various hydrophobic ligands in a manner that may 
mimic its interaction with the phosphodiesterase molecule in 
vivo'®, Organic solvents generally induce unfolding of protein 
structure by promoting the transfer of hydrophobic side chains 
from internal nonpolar domains of the native structure to the 
external organic solvent/water solution which provides a less 
polar environment than water alone’®. Our results could be 
explained by assuming that methanol and 2-propanol them- 
selves induce the exposure of the hydrophobic surface in a way 
similar to the action of Ca®*, while dimethylformamide and 
dioxane (in the presence of elevated Ca’*) competitively inhibit 
the binding of this domain to its subsequent substrate. However, 
a common feature of the solvents of the second group is the 
presence of relatively polar, oxygen-containing moieties that 
could act as hydrogen acceptors and thus interact with proteins 
by competing for hydrogen bonds, and this provides a possible 
alternative mechanism for the action of these solvents’. In any 
case, the fact that the effects described here were induced by 
concentrations of solvent that are low relative to those 
frequently used in studies of protein unfolding”’”*, suggests that 
these solvents have a specific effect on sensitive regulatory 
protein subunits. Thus, it may be profitable to investigate the 
effects of these two groups of solvents on other Ca**-regulated 
systems as well as on the conformation of the solubilized Ca*- 
receptor proteins. 
This work was supported by NIH grant HD 06565. 
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The calcium pump protein (CPP) or Ca**-ATPase is the pre- 
dominant integral membrane protein of the sarcoplasmic reti- 
culum (SR) of skeletal muscle’, CPP is a single polypeptide 
chain of molecular weight (MW) 119,000 (ref. 3) which loops in 
and out of the membrane at least three times**. Recently, a 
number of integral transmembrane proteins possessing a single 
hydrophilic domain on each side of the membrane have been 
observed to use a signal sequence, cleaved”’” or uncleaved"’, to 
initiate translocation of their ectoplasmic domain’’, Microsomal 
membranes when present during translation are capable of 
correctly integrating these de novo synthesized pro. eins into the 
membrane’"". We have used this in vitro translocation system 
to investigate the integration of CPP into the microsomal 
membrane. We found that CPP is synthesized without a cleaved 
signal sequence and that it can be integrated into heterologous 
microsomal membranes only when these are present during 
translation, but not when they are present after completion of 
translation. 

Translation of mRNA from muscles of 1-day-old rabbits in 
the wheat-germ cell-free system (in the absence of pancreas 
microsomal vesicles), followed by immunoprecipitation of the 
total translation products with sheep anti-rabbit CPP serum 
yielded a single product (Fig. 1, lane 2) of an apparent molecular 
weight identical to that of authentic CPP (lane 1). 

It has recently been established that CPP translated in the 
reticulocyte lysate system in the absence of microsomal 
membranes retains the initiator methionine'®. However, this 

_ experiment did not indicate whether CPP was synthesized with a 
signal peptide which would be proteolytically removed by the 
microsomal membranes. To investigate this directly, we per- 
formed a partial amino-terminal sequence analysis of CPP 
synthesized in vitro in the absence of microsomal membranes 
(Fig. 2) and found substantial agreement with the known 
sequence of CPP from the SR“ (Met in position 1; Ala in 3, 4 
and 14; Cys in 12). It can therefore be concluded that CPP is 
synthesized without a cleaved amino-terminal signal sequence. 
This conclusion is firmly based on previous data which demon- 
strate that the wheat germ cell-free system per se, that is, not 
supplemented by microsomal membranes, is free of that signal 
peptidase activity which cleaves signal sequences addressed to 
the endoplasmic reticulum. This signal peptidase activity is 
introduced into the wheat-germ cell-free system only on 
supplementation of microsomal membranes” 5, 

From cell fractionation of muscle and subsequent incubation 
of cell fractions containing free or membrane-bound polysomes 
in a protein synthesizing system, it has been established that CPP 
is synthesized by the membrane-bound polysome fraction'®’’. 
Based on the criterion of resistance to extraction by low 
concentrations of detergent’’, the newly synthesized CPP was 
integrated into the homologous microsomal membranes. 

To investigate whether de novo synthesized CPP can be 
integrated into heterologous (dog pancreas) microsomal 
membrane vesicles, and if so, whether integration is coupled to 
translation, we carried out experiments in which microsomal 
vesicles were present either at the start or after completion of 
translation. 


To assay for integration we had hoped to use protection from 
limited trypsin digestion as a criterion because tryptic digestion 
of CPP in SR vesicles is known to yield several discrete frag- 
ments that are resistant to further degradation, presumably 
because of their being embedded in the lipid bilayer*™. 
However, we found that the generation of these characteristic 
tryptic fragments was not the result of integration of CPP into 
the lipid bilayer. Almost identical fragments were produced 
when trypsin digestion of authentic CPP was carried out in the 
absence (Fig. 3, lanes 5-7) or presence (Fig. 3, lanes 2-4) of the 
nonionic detergent Triton X-100, When the in vitro product was 
digested with trypsin in a wide variety of conditions, these 
fragments were never found; regardless of whether the CPP was 
translated in the presence or absence of microsomal vesicles, 
only much smaller tryptic fragments were observed (data not 
shown). This may indicate that the in vitro product never became 
integrated into the microsomal membranes or that it was 


1 2 3 4 5 6 7 8 9 





Fig. 1 Cell-free translation and membrane integration of CPP. Lane 1 is 
from a Coomassie blue-stained gel of authentic CPP*. Lanes 2-9 are from a 
fluorographed gel of in vitro translated products. Total mRNA was isolated 
from the limb and back muscles of 1-day-old rabbits’' and translated in the 
wheat-germ cell-free translation system with **S-methionine'’, Sheep anti- 
rabbit CPP serum”? and protein A-Sepharose were used to immuno- 
precipitate the translated CPP, and the immunoprecipitates were analysed 
on 7.5-15% polyacrylamide SDS gels and detected by fluorography. Lane z 
is an immunoprecipitate of a 20-yJ translation. The specificity of the 
immunoprecipitation is indicated by the ability of excess (25 wg) authentic 
CPP to block the immunoprecipitation (lane 4) and the inability of normal 
sheep serum alone to immunoprecipitate the prodact (lane 5), Lane 3 is from 
a 50-wl reaction performed in the presence of microsomal vesicles from dog 
pancreas”. Note that the mobility of the in vitro product is not changed. In 
lane 6, a 100-pi translation performed in the presence of dog pancreas 
microsomes was incubated for 180 min at 25°C, instead of the normal 90 
min. After translation the pH was adjusted to 11.5 by adding 5 wil of 1M 
NaOH. After 15 min at 0 °C, the 105 wl was layered over a sucrose gradient 
in a Beckman airfuge tube which consisted of 89 jl of 0.2 M sucrose and 
20 wl of 2 M sucrose. The sucrose solutions contained the same salts as the 
translation mixture and were also adjusted to pH 11.5 with NaOH. The 
gradients were centifuged at 160,000 g for 13min, then 120 pd were 
removed from the top (supernatant) and the microsomes collected from the 
0.2 m/2 M interface and diluted to 120 gl with a solution which contained 
the same salts as the translation mixture, also adjusted to pH 11.5. Both 
samples were adjusted to 2% SDS, heated to 100°C for 3 min, then 
neutralized and immunoprecipitated. Lane 6 is the immunoprecipitate of the 
microsomes while lane 7 is that of supernatant. To demonstrate that 
integration does not occur post-translationally, the same experiment was 
performed, except that microsomal vesicles were added only after the 
translation had been incubated for 90 min at 25 °C (at which point no further 
incorporation of *°S-methionine into protein was detectable) and the 
incubation continued for a further 90 min at 25 °C. Lane 8 is the immuno- 
precipitate of the microsomes; lane 9 is that of thesupernatant. As a positive 
control, we demonstrated that an integral membrane protein (the G protein 
of vesicular stomatitis virus) which is co-translationally but not post-trans- 
lationally integrated into the dog pancreas microsomes’, will resist extrac- 
tion in these conditions only when the protein is properly integrated into the 
heterologous microsomes (unpublished data). The positions of the molecular 
weight markers (in thousands) are indicated. Froteins used, in order of 
decreasing size were: Escherichia coli B-galactesidase, phosphorylase B, 
bovine serum albumin, ovalbumin, carbonic anhydrase and cytochrome e. 
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integrated but did not assume the native conformation found in 
the SR. Alternatively, the characteristic tryptic fragments of 
authentic CPP may be the result of intermolecular association, 
because CPP exists as an oligomer, both in the membrane!®” 
and in detergent solution”’. The in vitro CPP may be present in 
too low a concentration to form oligomers which might confer 
partial resistance to tryptic digestion. 

As an alternative assay for membrane integration, we deter- 
mined whether CPP could be extracted by alkaline solution (pH 
11.5), as integral membrane proteins are non-extractable2'~”?, 
By this criterion, about half of the de novo synthesized CPP 
molecules were integrated into dog pancreas microsomal vesi- 
cles, but only when these were present during translation (Fig. 1, 
lanes 6, 7)—not when they were added after translation ( Fig. 1, 
lanes 8, 9). It remains to be shown, however, whether the 
observed integration into the dog pancreas microsomal vesicles 
was normal, that is, whether the folding of the polypeptide 
backbone in these vesicles is identical to that of its in vivo 
counterpart in muscle rough endoplasmic reticulum. 

The observed coupling between synthesis of CPP and its 
integration into heterologous microsomal membranes are 
analogous to those observed previously for translocation of 
secretory proteins and integration of bitopic integral membrane 
proteins, suggesting a similar membrane-catalysed 
mechanism’*”*. The recent purification of endoplasmic reti- 
culum-associated proteins? that catalyse translocation of 
secretory proteins across the endoplasmic reticulum membrane 
and the demonstration that these same proteins also catalyse the 
integration into the endoplasmic reticulum of bitopic integral 
membrane proteins as well as CPP” provide strong support for 
this notion. Furthermore, the efficiency of integration of CPP 
into the heterologous microsomal vesicles, as assayed by the 
resistance to alkaline extraction, can be increased to almost 
100% by the addition of these purified proteins to the in vitro 
translocation system”. 

A portion of this work has been presented elsewhere”. We 
thank Drs J. Hemperly and B. Cunningham for use of, and 
assistance with, their Beckman sequencer. This work was 
supported by grants from the NIH (GM 27155 and AM 14632) 
and the Muscular Dystrophy Association of America. P.D. is an 
investigator of the American Heart Association, Tennessee 
affiliate. 
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Fig.2 Partial amino-terminal sequence determination of CPP translated in 
vitro in the absence of microsomal membranes. Translations (1 ml) were 
performed using either **S-methionine (1,000 Ci mol`?) or *H-alanine 
(75 Cimmol™') and °S-cysteine (700 Cimmol™') (all NEN). Citrate 
synthase and oxaloacetate were present in the translation mixture to prevent 
the acetylation of the amino terminus of CPP*°. CPP was immunoprecipi- 
tated, separated by gel electrophoresis, eluted from the gel and sequenced’, 





Fig.3  Tryptic digestion of CPP in the absence or presence of Triton X-100. 
All samples were analysed by electrophoresis as described in Fig. 1 legend 
and the gel was stained with Coomassie blue. Each digestion contained, in a 
volume of 50 ul, 50 yg (protein) of purified SR vesicles, 1M sucrose, 
0.1 M NaCl, 20 mM Tris-HCI, pH 7.5, and the indicated amount of trypsin, 
pretreated with TPCK. Lanes 2-4 also contained 1% Triton X-100. Trypsin 
concentrations were: lane 1, 0 pg ml~'; lanes 2 and 5, 0.6 wg mit; lanes 3 
and 6, 6 pg ml”'; and lanes 4 and 7, 60 pg m1™’. Digestions were carried out 
for 45 min at 23°C and terminated by the addition of 10 pl Trasylol. 
Solubilization of the SR vesicles by Triton X-100 was ascertained by the 
inability of the detergent-solubilized vesicles to be pelleted by centrifugation 
conditions which were calculated to pellet particles with a sedimentation rate 
>40 S; intact SR vesicles were quantitatively sedimented by these conditions 
(data not shown). The band indicated by the solid arrow is calsequestrin, a 
peripheral membrane protein located in the lumen of the SR. It was 
protected from digestion by the intact vesicles (lanes 5-7) but not when the 
vesicles were solubilized by detergent (lanes 2-4). The asterisk indicates the 
position of trypsin. The heavy band indicated by the open arrow is Trasylol. 
The positions of the molecular weight markers are indicated as in Fig. 1. 
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MATTERS ARISING 





Flexural strength of cements 


BIRCHALL ET AL.' are to be congratu- 
lated on the improvements made in the 
flexural strength of cement, however, we 
question their scientific explanation which 
is given in terms of the removal of large 
size pores =100 ym; it is postulated that 
these pores are simple strength controlling 
Griffith flaws. We- have shown’ that 
although notched specimens of ordinary 
cement paste tested in flexure seem to 
behave according to simple Griffith theory 
for specimens having a fixed beam depth, 
nevertheless, when» the beam depth is 
altered different values are obtained for 
the fracture energy,- R. In fact the 
apparent value of R ‘increases with 
increasing specimen depth and R is not 
therefore behaving as a material constant, 
and a simple application of the Griffith 
equation is not acceptable. It is apparent 
from their conclusions that Birchall et al. 
have carried out measurements on beams 
of fixed overall depth. Note that in our 
experiments, specimens of differing size 
were cut from the same cured samples of 
cement and therefore the variation in R 
values could not result from changes in 
specimen microstructure from one sample 
to another. By extrapolation we deduced 
the behaviour of apparently sharp flaws in 
large cement samples and showed that the 
material can be regarded as intrinsically 
weak, for example, for a w/c ratio of 0.3 
having an intrinsic strength of ~15 MPa, 
and that sharp flaws have an effective 
radius of curvature of ~0:5 cm; therefore 
flaws <=0.S5cm in size will have a 
comparatively small effect on strength. 
To improve strength it is necessary to 
increase the intrinsic strength by increas- 
ing the total number of effective chemical 
bonds per unit area of the material for 
example by reducing the total amount of 
unfilled space in the material, that is 
increase density. Birchall et al. quote a 
value for elastic modulus of 40 GPa for 
improved (MDF) cement—about twice 
that of OPC which suggests that its basic 
structural properties have been changed. 
We conclude therefore that it is a little 
misleading to attribute the strength 
increase solely to the elimination of large 
flaws and that the high strength has been 
achieved by a reduction in w/c ratio, good 
packing, compaction and drying out, all of 
which are expected to increase strength. 
The resulting MDF cement, although 
intrinsically stronger, is sensitive to flaws 
and will need to be free of macroscopic 
flaws to achieve the higher strengths; for 
example a i-mm flaw will reduce the 
strength of MDF cement by a factor of 3, 
whereas a similar size flaw in ordinary 
Portland cement w/c=0.3 will only 
reduce the strength by a factor of 1.6. 
Therefore, flaws must be eliminated dur- 


ing processing. However, as discussed 
above, simply eliminating flaws from an 
ordinary cement paste would not result in 
strengths as high as those quoted for the 
MDF cement. 


J. E. BAILEY 
Department of Metallurgy and 
Materials Technology, 
University of Surrey, 
Guildford, Surrey GU2 5XH, UK 


D. D. HIGGINS 
Cement and Concrete Association, 
Wexham Springs, 
Slough SL3 6PL, UK 


1, Birchall, J. D., Howard, A. J. & Kendall, K, Nature 289, 
388-89 (1981). 

2, Higgins, D. D. & Bailey, J. E. J. maser. Sei. 11, 1995-2003 
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BIRCHALL ET AL.’ have shown that the 
flexural strength of a Portland cement 
paste can be increased to ~65 MPa. They 
termed the modified paste as ‘‘macro- 
defect-free” (MDF) paste and attributed 
the improvement to the removal of 
macro-defects. However, this inter- 
pretation may be queried. 

Birchall er al. have observed that the 
flexural strength data of both the MDF 
paste and the ordinary Portland cement 
paste could be fitted to the Griffith equa- 
tion. 


o =(ER/TC)'”? 


where “tensile cracking stress (a) is 
related to an effective critical crack length 
(C) which may be a pore; Young’s modu- 
lus (E£) and fracture surface energy (R) 
being taken as material constants”. They 
found that E and R are 20GPa and 
19 J m” for an ordinary Portland cement 
paste and 40 GPa and 30Jm” for the 
MDF paste even though both the pastes 
have very similar porosities. 

It appears that both the material 
constants E and R are so dependent on 
the pore size distributions that their 
product could be altered by a factor of 3. 
In that case one may wonder how the 
Griffith equation could be applied to these 
pastes. This uncertainty has been further 
emphasised in their Fig. 3 which shows 
that the MDF paste has higher strengths 
than the ordinary Portland cement paste 
even when both pastes have similar sized 
critical flaws. More probably Birchall et al. 
have altered the nature of the paste alto- 
gether by using rheological aids such as 
plasticizers and superplasticizers, which 
are generally organic products of some 
chain lengths; some even contain organic 
polymers. The addition of polymers to a 
cement paste increases its flexural 
strength as well as its flexural/compres- 
sive strength ratio from ~0.1 for a brittle 
failure to a higher value characteristic of a 
plastic failure. Note that the MDF paste 


has also a flexural/compressive strength 
ratio of 0.3 (65/200). 

It will not be very difficult to ascertain 
experimentally if the nature of the paste 
has been modified in which case the 
observed improvement may have little to 
do with the removal of macro-defects. 
Note added in procf: The patent appli- 
cation by Birchall ei al.” shows that poly- 
mers have been used by them. 


S. CHATTERIS 
Byggeteknik, 
Teknologisk Institut, Gregersensve/, 
DK-2630, Tastrup, Denmark 
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BIRCHALL ET AL. REPLY-~-Bailey, 
Higgins and Chatterji have raised inter- 
esting questions, some perhaps prompted 
by the lack of detail in our short paper’. 
We are aware of the detailed arguments 
relating to the fracture behaviour of 
cement paste and of the careful work by 
Bailey and Higgins on this. Our proposi- 
tion is that, bearing in mind the hetero- 
geneous and inconstant nature of cement 
paste, the Griffith criterion is an adequate 
explanation of the failure behaviour of the 
material. It has the advantage of predic- 
ting what steps should be taken to improve 
the material—the removal of macroscopic 
flaws—-and our paper shows that this is 
demonstrably effective. 

As Bailey and Higgins correctly point 
out, fracture tests on ordinary cement 
paste give a spread of values of R, the 
fracture energy, a parameter which 
appears to change significantly with test 
geometry and crack speed among other 
variables. We believe that these variations 
in R make it impossible by conventional 
experiments to distinguish the Griffith 
theory from more complex theories of 
fracture. The experimental scatter is too 
great. Essentially, what we have done is to 
extend the study inte an unexplored range 
of flaw size, down to 10 um, when the 
overall behaviour is:seen to fit the Griffith 
theory satisfactorily. 

It is suggested that the high value of 
elastic modulus (40 GPa) quoted in our 
paper for MDF cement indicates a higher 
number of bonds per unit area or a higher 
bond strength and a microstructure 
fundamentally different from that of 
normal paste. It is mdeed implicit in our 
understanding of the mechanism of hydra- 
tion and setting’, that hydrate 
morphology will vary with the volume of 
space to be filled and hence with packing, 
and so on. However, a major point in our 
paper is that whereas elastic modulus is 
dominantly related to total porosity 
volume, the flexural strength is 
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dominantly related to the size’ and pro- 
portion of macroscopic voids and, as 
illustrated in Fig. 4, is insensitive to total 
porosity volume. Thus high flexural 
strength is observed in specimens having a 
range of values of elastic modulus, 25— 
40 GPa. 

Chatterji suggests that the properties of 
MDF cement are those of a polymer- 
modified paste. However, the strength 
values of MDF cement far exceed those 
claimed for pastes made at modest 
temperature and pressure in the presence 
of a water-reducing additive, with poly- 
mer addition or by polymer impregnation. 
Furthermore, the failure mode of MDF 
cement is brittle with no evidence of plas- 
tic deformation. Thus the improved pro- 
perties of MDF cement are attributable to 
the altered pore size distribution of the 
inorganic matrix and are, as we indicate, 
independent of the chemical nature of the 
inorganic cement matrix. In this context, 
other work (in preparation} has shown 
that MDF cements can indeed be further 
modified to increase significantly the 
fracture toughness, with the result. that 
flexural strength is raised still further to 
levels exceeding 150 MPa. The absence of 
macroscopic voids is an essential 
prerequisite for the attainment of such 
very high strength. 


J. D. BIRCHALL 
A. J. HOWARD 
K. KENDALL 

Technical Department, 

ICI Mond Division, 

Runcorn, Cheshire WA7 4QD, UK 
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Can passive tactile 
perception be 
better than active? 


PASSIVE tactile perception has invariably 
been found to be equal to or inferior to 
active tactile perception’, An exception 
has recently been reported in an experi- 
ment by Magee and Kennedy‘ who guided 
the finger of each blindfolded subject 
around raised-line drawings of common 
objects. These (passive) subjects were 
able to identify more of the drawings than 
the active subjects whose fingertip 
movements were unguided. Magee and 
Kennedy suggest that “the act of planning 
may draw on the limited resources of the 
haptic system so that less processing 
capacity is available to monitor and dis- 
tinguish relevant from irrelevant kinaes- 
thetic input”. 

We consider this to be an implausible 
explanation of active inferiority for the 
following reasons: 

(1) The “act of planning” is more cogni- 
tive than sensory. No evidence is provided 


to support the idea that, in this experi- 
mént, such planning can be expected to 
interfere with (or draw on limited 
resources of) the haptic (sensory) system. 
(2). The resources of the haptic system 
must be limited at some level of task 
complexity but the job it was required to 
do in this experiment should be well 
within its capacity. When all fingers are 
simultaneously engaged in palpating an 
object, the channel is apparently not 
overloaded. Why should movements on 
one fingertip tax the system to the degree 
that planning of such movements proves 
too much? Moreover, Shiffrin et al,’ 
present rather convincing evidence for 
an “unlimited-capacity nonattentional 
model of tactile perceptual processing”. 
(3) Presumably, “relevant” kinaesthetic 
input comes from movements made when 
the fingertip faithfully follows the raised 
line and “irrelevant” inputs from errors 
(straying from the line), But surely devia- 
tions are important error signals which 
guide ensuing movements rather than act 
as “irrelevancies”. Information is gained 
either way. 

(4) The comparison being made was not 
simply between active and passive haptic 
conditions. Rather, because haptic 
information was so (unusually) 
impoverished, conscious attention was 
necessary to build up a “picture’—for 
both passive and active subjects—but 
active subjects suffered the disadvantage 
of also having to plan movements. 

In a different experiment, it was shown 
that when passive and active subjects are 
yoked in a tactile maze exploration task, 
the performance of active subjects suffers 
because they have the responsibility of 
regulation (planning) of movements’. This 
experiment, and that of Magee and 
Kennedy, showed that it is possible to 
demonstrate interference at the cognitive 
level when information is transmitted by 
the haptic system—not that passive tactile 
performance is better than active. 


BARRY L. RICHARDSON 
DIANNE B. WUILLEMIN 
Department of Psychology, 
University of Papua New Guinea, 
Port Moresby, Papua New Guinea 





Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 300 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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MAGEE AND KENNEDY REPLY— 
Richardson and Wuillemin argue that our 
experiments did not establish superior 
passive tactile perception in the 
identification of raised-line drawings. 
They base their claim on studies with 
tactile finger mazes in which they found 
passive exploration to be superior to 
active exploration, and were then able to 
show that passive superiority was due to a 
cognitive factor, that is, the act of planning 
exploratory activity. They argue that 
passive superiority with raised-line draw- 
ings is also due to this cognitive factor. 

Modern theorists recognize that plan- 
ning and anticipation are crucial to 
perception, and we too recognize this as a 
critical component of haptic perception. 
However, the crucial problem for present 
purposes is that Richardson and Wuil- 
lemin’s conclusion is based on superficial 
similarity between two types of tasks 
rather than on fundamental principles of 
haptic perception. 

Clearly, Richardson and Wuillemin’s 
finger-maze learning could be solved as a 
verbal sequence of eight discrete left-right 
turns’, a number within the bounds of 
short-term memory. In contrast, the 
identification of raised-line drawings 
involves complex shape information that 
is not discrete. Our subjects had to deal 
with a line continuously varying in loca- 
tion, direction and extent, that is, the task 
required the subject to integrate across 
time subtle spatial information that was 
difficult to encode verbally. Integrating all 
this information was not easy, as shown by 
the generally low levels of performance on 
this task. These low levels of performance 
indicate (contrary to Richardson and 
Wuillemin’s assertion, made without 
supporting evidence) that our single- 
finger task was not facile and was not well 
within haptic capacities. Richardson and 
Wuillemin’s task has little to do with 
perception, while identifying shape and 
form is the sine qua non for haptic 
perception. 

Our task was one of haptic perception in 
which we have shown passive superiority. 


LOCHLAN E. MAGEE 
JOHN M. KENNEDY 
Defence and Civil Institute 
of Environmental Medicine, 
PO Box 2000, Downsview, 
Ontario, Canada M3M 3B9 
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The genius phenomenon 





John von Neumann and Norbert Wiener: 
From Mathematics to the Technologies of 
Life and Death. By Steve J. Heims. 
Pp.547. ISBN 0-262-08105-9. (MIT Press: 
1980.) $19.95, £14 





THE appearance of S. J. Heims’s study of 
John von Neumann and Norbert Wiener is 
opportune. Technologies of computing, 
communication and control sprang from 
where the two men’ sowed, and are now 
taking us beyond range of our charts, Will 
the cybernetic age resemble other ages? 
Will scientists still be ‘‘on tap but not on 
top’’? Or did the post-war influence 
exerted by physicists and mathematicians 
in American military circles presage new 
responsibilities for a stratum of society 
commonly regarded as temperamentally 
ill-equipped to bear them? 

If so, it seems that we may have to 
accustom ourselves to receiving guidance 
from our emotional juniors on matters of 
life and death. The saying that ‘‘genius is to 
madness near allied” was always of course 
misleading. But if one were to decide to call 
infants mad for their helpless and grasping 
self-absorption, and adolescents mad 
because of their lonely assertiveness and 
intensity, then we could read meaning into 
the saying after all. The association 
between one or another form of emotional 
underdevelopment and extreme manifesta- 
tions of creative excellence has often been 
remarked. It finds fascinating exemplifica- 
tion in Dr Heims’s book about information 
science’s two great founders. 

Norbert Wiener no doubt started life as 
an infant; but if by some mischance he did 
not, then he later repaired the omission. 
Thus, Bertrand Russell, writing in 1913: 


At the end of September an infant prodigy 
named Wiener, Ph.D. (Harvard), aged 18, 
turned up with his father who teaches Slavonic 
languages there, having first come to America to 
found a vegetarian communist colony, and 
having abandoned that intention for farming, 
and farming for the teaching of various 
subjects, [say] mathematics, Roman Law, and 
mineralogy, in various universities. The youth 
has been flattered, and thinks himself God 
Almighty — there is a perpetual conflict 
between him and me as to which is to do the 
teaching. 


Socially unsure to the end of his life, 
Wiener’s child-like attributes of generosity 
and utopian optimism struck all who knew 
him. There were also irritants — absent- 
mindedness, simulation of sleep during the 
lectures or conversations of others, and the 
constant and overwhelming hunger for 
praise. The latter would impenitently break 
surface even when to all appearances it had 
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been totally transcended. A friend recalled 
a meal towards the end of Wiener’s life: 


.,. Wiener stopped and turned the 
conversation to Yilmaz (a physicist), Now 
people say that Wiener wasn’t good at listening 
to people. Wiener was perfectly quiet as Yilmaz 
expounded his color theory .. . then we went 
on to invariance, and science and epistemology; 
the conversation then took on a very general 
tone. | remember it was a beautiful, sunny day; 
it was a very heady experience; we were really 
getting along perfectly. Then at the end Wiener 
said to me: ‘Was I a good listener?’. 

I met Norbert Wiener at Oxford around 
1950. N. A. Mitchison and I, with other 
graduate students, took him to Mitchison’s 
rooms in Magdalen after he had talked to 
an undergraduate society. We settled him 
in an arm-chair, where he seemed to fall at 
once into a deep sleep. We began to discuss 
genetics among ourselves. This was a year 
or two before Crick and Watson had 
identified the genetic material in people’s 
minds with DNA and had proposed the 
existence of a coding problem. Wiener’s 
eyes opened briefly: “How many bits of 
information, | wonder, are coded in the 
human chromosomes? Could one, do you 
think, get an upper bound by chemical 
arguments?’’. He closed his eyes. We 
exchanged glances, and having missed the 
whole of a very extraordinary point 
resumed our aimless talk. 

Wiener’s youthful attention was drawn 

by Russell to Einstein’s 1905 paper on 
Brownian motion. Marc Kac wrote after 
Wiener’s death: 
In retrospect one can have nothing but 
admiration for the vision which Wiener had 
shown when, almost half a century ago, he had 
chosen Brownian motion as a subject of study 
from the point of view of integration. To have 
foreseen at that time that an impressive edifice 
could be erected in such an esoteric corner of 
mathematics was a feat of intuition not easily 
equalled now orever.... It gave us not only a 
new way of looking at problems but actually a 
new way of thinking about them. 


The man who in the late 1940s founded 
cybernetics, supervised in the early 1960s a 
PhD student in a further development of 
this early work on stochastic processes. 
The student, Michael Arbib, has gone on to 
establish at the University of Massachu- 
setts a Centre for Systems Neurosciences — 
coherent embodiment of Wiener’s dream 
ofa mathematical school for the analysis of 
biological organization and its control. 
Every great scholar hopes to leave more 
than his writing. Wiener, in surveying 
today’s work on formal models of brain 
function, would I think be satisfied both 
with the project itself and with its 
humanistic goals. 








Norbert Wiener (topi and John von Neumann. 


Both “loved to dazzle and [were] pretere 
naturally equipped te do so”. 


From first to last Wiener followed 
Descartes: "I would not engage in projects 
which can be useful to some only by being 
harmful to others”. His penalty was to be 
the eternal maverick — ‘‘calf or other 
animal not marked with an owner's 
brand”. 

Von Neumann’s consuming drives 
presented a contrast to all this. Like 
Wiener, he loved te dazzle and was preter- 
naturally equipped to do so: Leo Wigner 
referred to his brain as ‘‘a true miracle”. 
But he made sure te dazzle as an insider. In 
the higher counsels of the Pentagon he 
showed a demonstrative hawkishness 
beyond that of the less rootless, less 
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intellectual, professional hawks of the 
military. In 1950 he was remarking: “If you 
say why not bomb them tomorrow, I will 
say why not today? If you say today at 5 
o’clock, I say why not one o’clock?”’. 

In connection with von Neumann’s 
advocacy of preventive nuclear war, Steve 
Heims writes of his response when asked 
by Ulam to explain the ‘‘Hungarian 
phenomenon”’: 

. he would say that it was a coincidence of 
some cultural factors which he could not make 
precise: an external pressure on the whole 
society of this part of Central Europe, a sub- 
conscious feeling of extreme insecurity in 
individuals, and the necessity of producing the 
unusual or facing extinction. 

Edward Teller remarked of his youth 
that Hungary was foundering and if he 
wanted to survive he would “‘have to be 
better, much better than anyone else’, 
echoed by another scientifically specta- 
cular émigré, Davis Gabor: ‘‘Innovate o 
diel”, : 

The Hungarian phenomenon may or 
may not be overemphasized in this book. 
But as concerns John von Neumann’s 
desire to be not just on tap, but on top, 
Heims is replete with vivid documentation. 
A picture takes form of breath-taking 
intellectual exuberance and power lodged 
in a coldly ambitious yet sanguine 
personality, both complex and strangely 
undeveloped. When the author writes, in 
connection with the creation of nuclear 
weapons, of von Neumann’s ‘‘compelling 
desire to serve and be part of the élite 
establishment, and to assume a modern 
American role reminiscent of the court 
astrologer or court engineer of a feudal 
military empire’’, we recognize it for the 
truth. We also recognize that von 
Neumann himself in all likelihood would 
jauntily have accepted the label for 
ornament. Among Johnny's attributed 
sayings was: ‘‘Only a man from Budapest 
can enter a revolving door behind you and 
emerge ahead of you’’. 

Wiener’s tangible legacy groups itself 
around the foci of neurobiology and 
cognitive science. Von Neumann’s is to be 
found in the technology of brute-force 
computing, rather than in today’s develop- 
ments in artificial intelligence. Although 
aware of A. M. Turing’s contributions to 
logic, to computer design and to the 
mechanization of human thought 
processes, von Neumann showed little sign 
of having received an influence. The notion 
of resource-limited computation, key to 
the brain’s cognitive processes and their 
machine simulation, would surely have 
been alien to one whose reluctance to admit 
limits to his own calculational powers 
became a byword. A similar assumption of 
omniscient rationality lies at the root of the 
game-theoretic model of economic 
behaviour which was erected by him and 
Morgenstern, now displaced by H. A. 
Simon’s notion of practically feasible, as 
opposed to ideal, calculations of self- 
interest. 
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In one respect, Heims’s book follows a 
popular error. Von Neumann is credited 
with sole intellectual rather than political 
authorship of the EDVAC design. This 
doubtless arises from the circumstance that 
the report of the EDVAC committee, 
which included Eckert and Mauchly, bore 
the sole signature of its chairman. 

In general, however, Steven Heims’s 
scholarship is both voluminous and 
detailed, and his personal biases, which are 
those of a liberal humanist, are not too 
obtrusive. The author succeeds least in his 
attempted tour of the pure and applied 
mathematics which these men built, in von 
Neumann’s case outstanding in this 





century. For this we must wait for another 
book. But the living substance of two great 
minds and of the convulsive epoch through 
which they lived is here recreated in 414 
pages of narrative and 115 of notes. The 
book informs, stimulates and entertains. 
In its cumulative effect it also profoundly 
disturbs. It is right that we scientists should 
be induced to contemplate our professional 
responsibility for the repercussions of our 
trade. The labours of Dr Heims have 
fashioned a powerful instrument to this 


end, to 
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New dimension for archaeology in tool use 


Ruth Tringham 





Experimental Determination of Stone 
Tool Uses: A Microwear Analysis, By 
L. Keeley. Pp.320. ISBN hbk 0-226-42888-5; 
ISBN pbk 0-226-42889-3. (University of 
Chicago Press: 1980.) Hbk $15, £10.50; 
pbk $7, £4.90. 





AMONG the spate of literature 
accompanying the rise of interest in 
prehistoric artifact use, two books stand 
out: Lithic Use-~Wear Analysis, edited by 
Brian Hayden (Academic, 1979), and this 
volume by Lawrence Keeley. 

Experimentation forms the most im- 
portant aspect of Keeley’s research, and it 
comprises the third and fourth — by far the 
most important — chapters of his book. 
The two preceding chapters discuss recent 
research on microwear and the method of 
the microscopic examination of the edges 
of stone tools. 

For Keeley, experimentation is the 
“fabrication of replicas of archaeological 
implements and their use on various 
materials under controlled conditions” 
(p.3), the ultimate purpose of which is ‘‘the 
interpretation of particular archaeological 
pieces usually from archaeological 
occurrences limited in time and space” 
(p.5). The value of such replications is that 
they help to bring alive long-vanished 
patterns of behaviour, and suggest 
directions for more systematic research. 
The series of replications reported by 
Keeley in detail describe the formation of 
polishes on the surfaces and edges of flint 
flakes as a result of contact with different 
materials in different tasks. These polishes 
are then identified on archaeological speci- 
mens and inferences made about the material 
and the task of the prehistoric tool. 

Keeley’s replications, however, have 
limited implications for general issues of 
the evolution of human behaviour. In fact 
they are not really “experiments” in the 
definition of the term used in experimental 
sciences, in that they are not designed to 
test empirical hypotheses by the systematic 
and artificial manipulation of variables. 


They do not explain the nature of the 
properties of the raw materials being 
tested. As Keeley is the first to point out 
(p.167), his replications do little to explain 
the variation in the character of the 
polishes formed on the flint. On the other 
hand, he criticizes as artificial such 
experiments as my own which do not 
replicate purposeful tasks but, under 
laboratory conditions, mechanically bring 
tool edge and worked material into contact 
in a repeated and standardized action. And 
yet to criticize such experiments as 
“artificial’’ misses the whole point of 
experimentation. 

In spite of this inherent theoretical 
weakness in the book, there is no doubt 
that Keeley has made a methodological 
breakthrough in microwear studies by 
focusing on an essential aspect of the 
reconstruction of the utilization of stone 
tools — the correlation between the 
variability of polishing of flakes and that of 
the worked material. 

The second major section (Chapters 
5-7) reports the observations which Keeley 
made on prehistoric tools and the 
application of this microwear information 
to the interpretation of variability in three 
Lower Palaeolithic assemblages from 
southern England (Clacton, Swanscombe 
and Hoxne.) Here, as stated earlier in the 
book, Keeley’s main aim is to reconstruct 
task-specific behaviour in his sites and 
assemblages. Yet his conclusions from 
microwear observations of the three 
assemblages do not directly address this 
problem. The observations provide 
information on the utilization of rock as a 
raw material resource rather than on the 
activities which the tools performed. On 
the basis of microwear information, Keeley 
concludes that the utilization of flint as a 
source of tool raw material was op- 
portunistic and relatively unplanned in the 
Clactonian and Acheulian industries 
represented by his three sites. Selection of 
flakes for specific tasks, if such selection 
existed, was on the basis of the shape and 
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angle of the edge, not on the shape and size 
of the flake itself. There is a most 
interesting discussion on the relationship 
between the role of hand-axes and flake 
tools in the stone tool assemblages, which 
of course is pertinent to our understanding 
of the changing use of stone as a raw 
material between the Lower and Middle 
Palaeolithic industries, hand-axes being 
much rarer in the latter. It is unfortunate 
that so far very little microwear 
information has been collected on hand- 
axes. As Keeley points out, ‘‘there is much 
potential for future research”. 

The implication of Keeley’s conclusions 
in this section is that. microwear data can 
provide unique information on the use of 
stone by allowing us to relate empirically 
the form of artifacts to their utilized parts. 
Furthermore, such data can provide the 
sole source of information on an aspect of 
the evolution of human behaviour which 
has received little discussion by archaeol- 
ogists — the consumption of resources: 
their uses, maintenance and discard. But it 
seems that Keeley does not recognize this 
broader significance of his work. 

Similarly, the two concluding chapters 
are somewhat disappointing. They discuss, 
respectively, areas for future research and 
the conclusions of the study so far, and 
both are characterized by a surprising 
modesty and lack of ambition. The 
conclusions of the microwear analysis of 
the prehistoric assemblages which Keeley 
(p.176) feels are the most important are 
that it has ‘‘... uncovered many 
fascinating details about the technology of 
the Lower Palaeolithic, not the least of 
which are the existence of plant ‘gathering’ 
knives and information about the methods 
of hide preparation employed’’; 
furthermore, it has ‘‘uncovered some 
interesting relationships between the 
morphology and function of implements in 
the assemblages. . .”’, and it has provided 
a “little tantalizing information pertinent 
to questions concerning the purposes of 
hand-axes in the Middle Acheulian. . .”’ 
But is microwear analysis — all those hours 
and energy — destined to provide only the 
“fascinating”, the ‘‘tantalizing’’ and the 
‘interesting’? Likewise, the suggestions 
for future research tend to concentrate on 
particular details and problems. 

In this book there is an enormous 
amount of valuable experimental and 
analytical information, which should have 
an impact on a wide public. Keeley warns 
about many of the traps of microwear 
analysis, including over-confidence and 
over-optimism. He fails, though, to 
mention the most dangerous one of all: 
that one can fall in love with one’s flake 
edges, especially when they are viewed 
under the microscope, and forget why it is 
that we originally decided to spend so much 
time with them. o 





Ruth Tringham is Associate Professor of 
Anthropology at the University of California at 
Berkeley. 


Natural history from Henry VII to Victoria 


G. D. R. Bridson 


British Natural History Books, 1495- 
1900: A Handlist. By R.B. Freeman. 
Pp.437. ISBN 0-7129-0971-0/0-208-01790-0. 
(Dawson, Folkestone, Kent/Archon, 
Hamden, Connecticut: 1980.) £20, $39.50. 








MODEST proportions and unpretentious 
presentation combine to disguise this 
book’s place as a milestone in the progress 
of British natural history bibliography. We 
have never had an equivalent of, for 
instance, Meisel’s magnificent biblio- 
graphy of American natural history down 
to 1865, though such works as Simpson and 
Henrey for botany, and Irwin and Lisney 
for ornithology and entomology, have 
made significant contributions. Otherwise 
one could turn to the German compilations 
of Engelmann, Carus and Taschenberg for 
a bibliography of general natural history 
and zoology down to 1880, amongst which 
is buried British material. 

The compilation of a checklist of all 
British natural history books is a task for 
the experienced bibliographer and we are 
fortunate that one so well qualified as Dr 
Freeman should attempt the task. The 
result is a work that does great credit to him 
and outstanding service to the user. It is 
only a handlist but within that format lies 
much concealed scholarship and great 
attention to accuracy. This is enhanced by 
providing the full forenames of every 
author possible, by searching out and 
recording multiple editions, by providing a 
chronology of pre-1801 titles and by 
indicating in the index ‘‘those works 
which, in the opinion of the author, are the 
most important contributions to the 
subject of the entry’’. The 35-page subject 
index extends the value of the book beyond 
that of a handlist, though that still remains 
its basic function and as such it is 
remarkably comprehensive. One can find 
omissions among its 4,206 entries by cross- 
checking with works such as Jackson’s 
guide to botanical literature or 
Taschenberg’s general natural history 
listings. But, I must stress, so much is 


included that only specialists in book 
rarities will find fault. 

What is more controversial is the 
exclusion of papers in periodicals and, 
unfortunately, any bibliographical 
















In celebration of the centenary of the 
British Museum (Natural History), the 
Museum and Cambridge University Press 
have published Chance, Change and 
Challenge, a two-volume illustrated 
compilation which will be of particular 
interest to sixth-formers and under- 
graduates. Volume 1, The Evolving Earth, 
deals with the origin and development of 
the Earth, and Vol. 2, The Evolving 
Biosphere, examines the evolution of life. 
Prices are: Vol.1 hbk £30, pbk £10.50; Vol.2 
hbk £32.50, pbk £11.50. 














reference to the periodicals themselves. 
This a handlist of books, but just when a 
preprint, offprint, reprint or plain tear-out 
becomes a separate book will give rise to 
much argument in many individual cases. 
So many papers from periodicals were 
reprinted, often with new pagination, in 
the nineteenth century that the full record 
of this transition literature will take many 
years to document with accuracy. The 
exclusion of bibliographical mention of 
periodicals is, in my view, the book’s most 
serious omission and one that would not 
have required so much effort to rectify. 
Librarians, bibhographers, historians, 
book-collectors, booksellers and 
naturalists will all want this work on their 
shelves for frequent reference, and several 
of those will wish to interleave and 


annotate their copies. They will find few, 


typographical errors to correct, an odd 
binary entry to delete perhaps (for example 
Nos. 439 and 1,181), and a few cross- 
references to add here and there. At £20 the 
book is rather costly for such common- 
place presentation but in terms of intrinsic 
value and likely duration of utility that cost 
will be amply rewarded. 





G. D. R. Bridson is Librarian at the Linnean 
Society of London. 


Keeping pace 
with science 


IRCS Medical Science 
St. Leonard's House 
St. Leonardgate, 
Lancaster, U.K. 


A member of Elsevier Science Publishers 





Circle No.22 on Reader Enquiry Card. 





94 





Nanu Vol.. 292 2 July 198] 





Howard Hinton’s eggs — a monumental bequest for entomology 


Charles Neville 


Biology of Insect Eggs. By H. E. Hinton. 
Pp.1,125. Three volumes. ISBN 0-08- 
021539-4. (Pergamon: 1981.) $400, £167. 








THIS posthumous work is monumental in 
both senses of the word. Professor Hinton 
tried courageously to finish it during his 
terminal illness, but the final stages of 
publication, including compilation and 
checking of the extensive references and 
index, had to be completed by his research 
assistant, Mrs Joyce Ablett, and by Dr 
Colin Mapes. Information on insect eggs 
was previously scattered throughout the 
literature. It now becomes available in one 
source, which is certain to become the 
standard work on the subject. But these 
three volumes constitute no mere review; 
they also contain an enormous amount of 
original information, based upon a lifetime 
of work divided between field and 
laboratory. 

The egg stage of insects is no less 
important than those which follow. Yet 
most entomologists would be content if 
they could recognize even the adult stage of 
those species of flies found on cow pats. 
Howard Hinton could, however, with the 
aid of a hand lens, identify their eggs down 
to species in situ. As might be expected 
‘from one of the world’s most knowledge- 
able entomologists, the text is packed with 
interesting examples of evolutionary 
adaptations. 

Some of the most fascinating arise from 
the fact that, being small, insect eggs havea 
relatively large surface area. Whereas this 
is an advantage for oxygen’ uptake, it 
means: that terrestrial eggs are prone to 
desiccation; conversely, eggs in aquatic 
surroundings are threatened by drowning. 
Professor Hinton shows how these factors 
explain the greater complexity of insect 
eggshells compared with those of larger 
animals, and relations between respiratory 
structure and function receive extensive 
coverage in the first volume. The inner 
layer of insect eggshells is filled with air, 
and it communicates with the outer surface 
through channels (aeropyles), some of 
which open on elevated turrets, or even 
horns. In some eggs, which might 
otherwise drown, trapped air bubbles 
function as gills which both provide oxygen 
themselves and give access to a further 
supply from the surrounding water. Such 
bubbles eventually shrink, however, and 
need replenishment. This is fine for motile 
stages but not for eggs, which cannot 
move. To solve this problem, some eggs 
which are laid in dung begin respiration by 
a shrinking bubble, and then change over 
to a constant-volume bubble trapped 
between hydrofuge hairs (a respiratory 
plastron). Hinton has shown hew there are 
even more examples of plastrons in 
terrestrial eggs than amongst aquatic 
larvae, Plastrons are particularly 


appropriate for eggs which are subjected to 
alternate drying and flooding, and have 
independently evolved in unrelated species 
many times. A further chapter describes 
how some eggs can absorb water via special 
organs (hydropyles). 

Subsequent chapters in the first volume 
cover the interrelations between adults and 
their eggs (fecundity, oviposition and 
parental care). There are also chapters on 
the adult glands which secrete protective 
egg cases; on the proteins which form 
them; on eggshell proteins and their 
chemical cross-linking; and on how eggs 
interact with their enemies, often fooling 
them with deceptive colours or shapes. 

The second volume describes the egg 
structure and adaptations of insects, order 
by order. Numerous keys to identification 
will prove invaluable to future workers, 


though, sadly, there was not time for a 
chapter on fleas. These two volumes are 
profusely illustrated: I counted 911 
photographs, mostly original scanning 
electron micrographs, a technique which 
Howard Hinton used right from its intro- 
duction. In addition there are 32 tables and 
nearly 300 clear text diagrams, most of 
which are original. 

The final volume provides the over- 
whelming bibliography (over 5,000 
references) and separate indexes to species, 
authors and subjects. The work ends witha 
list of Professor Hinton’s publications: 
these three volumes now complete it. His 
contributions to entomology thus end on a 
resounding note. . £ 





Charles Neville is Reader in Posies ry at the 
University of Bristol. 


Children who are left to themselves 


P. E. Bryant 





Developmental Psychology and Society. 
Edited by John Sants. Pp.389. ISBN 
0-333-21340-8/0-312-19751-9. (Macmillan 
Press, London/St Martin’s Press, New 
York: 1980.) £20, $35. 


D. W. Winnicott, a well-known child 
psychiatrist, is quoted as having remarked 
in a heated discussion that there is no such 
thing as a baby. He meant that it is absurd 
to treat babies in isolation. They are in 
constant contact with parents and others, 
and most of the significant things that they 
do are social in some way or other. This isa 
point which most child psychologists 
accept nowadays, but they still find it hard 
to incorporate into their work. 

The clearest example is the question of 
the importance of language in intellectual 
development. It seems obvious that people 
talk to children and tell them things, and 
that this contributes significantly to the 
child’s growing understanding of his 
world. Yet the effects of this sort of 
communication have been virtually 
ignored by child psychologists. Some, like 
Piaget, go to great lengths to show that 
language is of small importance to a child’s 
development; others think that it might 
have some effect but in the form of ‘‘inner 
speech” — the child talking to himself. 
Nobody seems to realize that grown-ups 
actually talk to children. As usual, the 
social element is left out. 

The great merit of the book which John 
Sants has edited is that it attempts to fill this 
gap. Nevertheless, the clearest point to 
emerge is how indirect our knowledge is of 
the effects of different kinds of social 
contact. Even the best chapters show this. 
Those, for example, by Roger Goodwin on 





language and by Neil Warren on cross- 
cultural psychology are particularly 
impressive. Both are comprehensive and 
entertaining. But the chapter on language 
has virtually nothing on people talking to 
each other — rather odd in a book with 
society in its title — and the cross-cultural 
chapter is more concerned with connec- 
tions between ‘‘primitive’’ and child-like 
mentalities than with the transmission of 
culture from one person and generation to 
another. The topics seem to be social, but 
the meat of social behaviour — social 
interactions — is left out. 

A more glaring example of discrepancy 
between appearance (the chapter heading) 
and reality (what lies beneath) occurs in 
Wallace’s chapter on educational com- 
petence. Nothing is said in it about 
teaching the child, whois left to get on with 
his own development without any help 
from anyone else. This abandonment 
reflects a Piagetian bias, which also 
dominates a chapter by Furth on Piagetian 
perspectives. Nothing social there, and 
very little in a chapter by Archer and Lloyd 
on sex differences. The closest one gets to 
social interactions is in an interesting 
though speculative chapter by Trevarthen 
on very early physiological and social 
development, and by Isbell and McKee on 
social cognition. 

None of the authors should be blamed 
too harshly for neglecting social in- 
teractions in a book on children in society. 
It is the fault of developmental psychology, 
which still has to get to grips with 
Winnicott’s insight. i: 


P. E. Bryant is Watts Professor of Psychology 
at the University of Oxford. 








Electron Microscopy of Proteins 


Volumes 1 and 2 
edited by J.R. Harris 


Volume 1: September/October 1981, c.360pp., 0.12.327601.2. 
Volume 2: December 1981, c.350 pp., 0.12.327602.0. 


in the preface, Professor R.W. Horne, Department of Ultrastructural Studies, John Innes Institute, Norwich, England writes: “These volumes 
reveal the remarkable progress made in the field of morphology closely linked to biochemistry and biophysics. The contributors are 
distinguished experts within their own areas of research, which will provide the reader with an up-to-date account of the exciting and new 
developments in determining the structure of a wide range of proteins with the aid of the electron microscope.” 


Heterogeneity of Mononuclear Phagocytes 


Proceedings of an International Workshop held in Vienna, July 15-19, 1980. 


edited by Othmar Förster and Maurice Landy 
July/August 4961, xxxviii + 638 pp., £16.40 (UK only)/$39.50, 0.12.262360.6 


The concept of the mononuclear phagocyte system was developed in the early 1970s, based on the observation that macrophages and other 
phagocytic mononuclear cells are derived from a common ancestor in the bone marrow. Various functions have been attributed to these cells. 
These include effector functions such a phagocytosis and the killing of micro-organisms; cytostatic and cytotoxic effectsagainst tumour calls 
. and parasites; the functions of an accessory cell against tumour cells and parasites; the functions of an accessory cell inthe specific immune 
response; the secrétion of biologically active molecules like enzymes, complement components, interferon. and prostagiandins. This volume 
contains much recent research concerned with the correlation of these functions with the various subtypes of these cells: whether variation 
represents different stages of development or, alternatively, separate lines of differentiation or other functional differences associated with cell 
cycle, nee a 
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‘Mechanisms of Sex Differentiation 

M COET ee : : 
in Animals and Man 

edited by C.R. Austin and R.G. Edwards 

July/August 1981, xvi + 604pp., £37.00 (UK only)/$89.00, 0.12.068540.X. 

With the collaboration of Dr Ursula Mittwoch, the editors have written an introduction to the subject including one or two major topics that are 
not covered in the main body of the book. The subsequent papers, each written by recognized authorities in their particular fields, provide a 
readable, informative and contemporary description of current ideas and research in the study of sex determination. These include genetic and 


environmental mechanisms of sex determination, sexual endocrinology of fetal and perinatal life, and the nature and origin of sexual anomalies 
such as hermaphrodites, freemartins, mosaics and. chimaeras, in both animals and man. 


Eighth Sigrid Jusélius Foundation Symposium, Helsinki, Finland. June 1980. 


Expression of Eukaryotic Viral and Cellular Genes 


edited by Ralf F. Pettersson, Leevi Kääriäinen, Hans Séderlund and Nils Oker-Blom 
July/August, xii + 324 pp., £20.40 (UK only}/$49.00, 0.12.563120.6 


Expression of Eukaryotic Viral and Cellular Genes contains recent and important papers by some of the most prominent molecular biologists in 
the world. There are articles about the structure of viral genes. (For example adenovirus, influenza virus and alphaviruses); The expression of 
viral genes (For example SV40 and adenoviruses, vesicular stomatitis virus and encephalo-myocarditis virus (EMC); mechanism of translation 
of capped viral mRNAs: the structure and expression of transforming genes of RNA tumour viruses; the control of eukaryotic gene expression, 
including in vitro transcription of cloned ovalbumin genes, as well as cloning and expression of eukaryotic genes in heterotypic environments. 


Handbook of Marine Mammals 


Volume 1: The Walrus, Sea Lions, Fur Seals and Sea Otter 
Volume 2: Seals 


edited by Sam H. Ridgeway and Richard J. Harrison 


Volume 1: July/August 1981, xvi + 236pp., £14.60 (UK only)/$36.50, 0.12.588501.6, 
Volume 2: September/October 1981, xvi + 360pp., 0.12.588502.4 


Interest in marine mammals has much increased in recent years as our knowledge of them has grown. in particular, the large cetacean brain ard 
their supposed superior intelligence over other animals, in conjunction with their obvious diving and swimming abilities, have made marine 
mammals fascinating creatures to study. With the aid of distribution maps, identification pointers and spectacular photographs and drawings, 
as much as is known of each animal about its biology and life history is reviewed, and its identifying characteristics and distribution desoribed. 


Similarities and differences are stressed and some mention is made of economical and commercial aspects, A full bibliography is included for 
each chapter. 
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This highly successful wallchart, which first = oee ee ee ee ee ee ee ee ee 
appeared in 1975, has now been completely r? Please send me the new Nature wallchart 
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PRODUCT REVIEW 


Fluorescence microscopes 


AMONG the new microscopes on display at 
Light Microscopy ’81 will be the Fluoval 2, 
a research fluorescence microscope for 
incident and transmitted light fluorescence 
microscopy. This microscope from Carl 
Zeiss Jena Ltd. is suitable for most modern 
fluorescence microscopic techniques, 
including multi-staining. Another new | 
microscope on display will be the incident 
and transmitted light microscope, 
Epignost 2E, which has long-working 
distance objectives and an image erecting 
tube for micro-assembly and micro-quality 
control work. 

Circle No. 100 on Reader Enquiry Card. 








Flatfield optics 


A SERIES of new microscopes featuring 
DIN Micro Plan optics has been produced 
by Swift Instruments, Inc. These 
microscopes have standard features such as 
a clutch mechanism that operates 
automatically to prevent damage to the 
finely-balanced gear train, and a stage that 
is raised uniformly on precision ball 
bearings. The model M973-DM also 
features research-calibre DIN flatfield 
Micro Plan optics and a choice of 
centerable DIN condensers. The Swift DIN 
Micro Plan objectives are designed to givea 
flatter field and better resolution. | 
Circle No. 101 on Reader Enquiry Card. 
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Multi-viewing attachment 


A UNIT for multi-viewing, the MDO, is now 
available from Olympus for use with the | 
new BH2 series microscope and others in | 

i 





the range. The MDO allows up to five 

observers to simultaneously view the same | 

specimen. The image for each user is of 
equal brightness, with the same magnifi- | 
cation and orientation as the one seen by 
the instructor. The modular design of the 
MDO allows for a comfortable working | 
distance between each observer. Both 
brightfield and phase contrast observation | 
are possible with this unit. | 
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| materials for 
embedding and mounting media and 


SEM for research 


PRODUCT REVIEW — MICROSCOPY memme 








The Light Microscopy '81 exhibition, organized by the Royal Microscopical Society, is being 
held at Imperial College, London, UK from 7 to 9 July. The notes on these pages include 


information provided by the exhibitors. For further details circle the appropriate number on 
the reader enquiry card bound inside the journal. 








Polarizing microscope 


A NEW polarizing microscope for both 
incident and transmitted light application 
is being introduced by James Swift. In the 
design of the MP81, particular attention 
has been paid to eliminating unneccessary 
controls while retaining full facilities and 
allowing easy servicing. The MP81i is 
available as a transmitted, incident or 
combined transmitted/incident light 
microscope. Both incident and transmitted 
light illumination systems use high- 
intensity tungsten-halogen light sources. 
The MP81 features research standard 
objective centering, ball-bearing stage, a 
Bertrand-lens monocular, wide-field 
eyepiece with cross-hair, solid-state 
brightness control and a range of accessory 
items. 

Circle Ne. 105 on Reader Enquiry Card, 





Stains 


staining solutions and a comprehensive li 

of buffers in tablet or concentrate form is 
available from BDH Chemicals. Other 
microscopy include 


immersion oils. A new catalogue, ‘Stains 
and Microscopy Materials’, gives compre- 
hensive details of the whole range and lists 
stains and dyes by colour index number for 
easy identification. The range of stains and 


| microscopy materials will be on show at the 


Light Microscopy exhibition. 
Circle No. 103 on Reader Enquiry Card. 





ASERIES of scanning electron microscopes 
has been announced by Bausch & Lomb. 
The Nanolab 2000 and 2100 instruments 
offer ease of operation, with the following 
features: access to the stage from above; 
beam profiling function to give maximum 
performance and long filament life, and 
true TV imaging up to x 100,000 with | 
precision stage. Both Nanolab instruments 
provide resolution to 60 Å with a standard 
tungsten emitter and an optional LaB, | 
electron source increases resolution attain- l 
able to 40 Å. The Nanolab 2100, designed l 
specifically for research, allows con- | 
tinously variable accelerating voltage, dual | 
magnification, 360° scan rotation, and a 
2,500-line recording CRT. The Nanolab 
2000 series has applications in metallurgy, 
quality control, electronics, geology, | 
forensics, biology and medicine. 
Circie No. 104 on Reader Enquiry Card, | 













shown at Light Microscopy 81, including 
optical microspectrometers, fibre optic 
data multiplexers, optical monochro- 
mators, diffraction gratings, and a 
complete range of TV facsimile trans- 
mission systems, image digitizers and slow 
scan. 

Circle No, 106 on Reader Enquiry Card. 


i Optics accessories 
A RANGE of over 200 dry stains and dyes, 5 VARIOUS products from Anaspec will be 
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Illumination systems 


ABULLETIN from Dolan-Jenner Industries 
provides detailed specifications for their 
fibre optic illumination systems. As fibre 
optics transmit mostly visible light frorn an 
incandescent source, they act as heat- 
absorbing filters and provide cool ght at 
the point of application. Several systems 
are illustrated, including single and dual 
branch, and annalar configurations. 
Mounting stands, lenses and adapters for 
various microscopes are also described. A 
series of rigid miniature probes to supply 
illumination to difficult areas is also 
available. Charts are included to show 
working distance with and without lenses. 
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Image analysis 


On DISPLAY at Light Microscopy 81 will be 
an image analysis system from Graphic 
Information Systems Ltd. This system can 
quantify the constituent parts of micro- 
scopic images either directly from a light 
microscope or from a photograph. 

Circle Na. 108 on Reader Enquiry Card. 
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+ 
Histology | 
PRODUCTS relevant to semi-thin resin work 
are included in a new catalogue from 
Emscope Laboratories Ltd. This catalogue 
covers fixative reagents, processing 
solvents, embedding kits, resins and 
components, laboratory chemicals, light 
microscopy stains (dry and in solution), 
enzymes, mounting media and a new range 
of embedding, processing, sectioning and 
staining accessories. 
Circle No. 109 on Reader Enquiry Card. 
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SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single’ 
control handle under low or high power 
magnification. 

A varied range available. All simple to operate. 


SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 


THERMAL 





Model TS-2 holds any tem- 
perature, minus 25°C to 
plus 60°C, It’s thermoelec- 
tric, has no moving parts, 
no vibration. 
The TS-2 stage fits most 
microscopes. Temperature 
control is automatic and 
the equipment includes a 
microprobe thermometer, 


BAILEY INSTRUMENTS INC. 
Saddle Brook, N.J. 07662 + U.S.A. 


Macro Page 
PREPARATIVE ELECTROPHORESIS 
SYSTEM 


A complete automatic system for the 
separation of DNA fragments, PROTEINS 
and Electrophoretic Desorption from 
Affinity Matrices. 


THE SPIRELL& BUILDING 


NGLANO 
HONE: 
LETCHWORT (04628) 73007 


nat oe 
Y Birchover 
instruments Ltd 





plugged into the microscope stand. 
Circle No. 110 on Reader Enquiry Card. 
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Slides and stains 


A WIDE range of prepared microscope 
slides is available from Griffin and George 
Ltd. The sets contain selected slides for 
study of parasitology, protozoa and algae, 
for example. Griffin and George also 
supply a range of zoological, botanical and 
histological microscope stains. 

Circle No.113 on Reader Enquiry Card. 








Fault detection 
INTENDED specifically for the 
semiconductor industry, the Polyvar 66 
microscope from Reichert-Jung is not only 
suitable for research applications, but can 
also be used for monitoring production 
processes. It is designed to accept a large 
interchangeable mechanical or motor stage 
with a specimen traverse range of 6X6 
inches, and has an integrated, fully- 


Motorized micrometers 


HIGH precision motorized and manual 
translation stages, rotators and optical 
mounts are available from Oriel Scientific. 
These include both stepping motor driven 
units with step size of | um, and d.c. motor 
units — the Motor Mike actuators. These 
are motorized micrometers which can 
replace the manual micrometers found in 
most stages and rotators, Control units are 
available for all drives. 

Circle No, 114 on Reader Enquiry Card. 





automatic camera system which makes 
hard copies of the image. The modular 
system of the Polyvar-Met 66 allows | 
various techniques, such as viewing of 
overall structural/mechanical faults and | 
examination of photochemical coating 
faults, to be selected and operational 
within seconds. The module required is 


Light microscopes 


MICROSCOPES intended for life and 
materials sciences will be shown by Carl 
Zeiss at Light Microscopy ’81. These will 
include stereoscopic, inverted, industrial 
and axiomat modular microscopes, plus 
accessories for fluorescence, polarizing 
microscopy, photomicrography, photo- 
metry, image analysis and interference 
microscopy. 
.111 on Reader Enquiry Card. 
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A NEW scanning electron microscope, the 
model JSM-35CF from JEOL, will resolve 
5 nm (50 A) by using a new ‘corrected field’ 
objective. The instrument has an improved 
electron gun design to give a high quality 
image. Most laboratory sites will achieve 4 
nm (40 A) resolution with the standard 
tungsten hairpin emitter. An alignment 
wobbler allows rapid adjustment of the 
objective aperture, particularly important 
for high resolution results and for probe 
work with optional wavelength and energy 
dispersive detectors. The precision 
specimen stage is designed to take heavy 
specimens and will reset to position 
coordinates x, y, z, rotation and eucentric 
tilt to very high accuracy. Optional extras 
include split-screen imaging, scan rotation, | 
derivative processing and alternative 
recording cameras. 

Circle No.112 on Reader Enquiry Card. 











Surgical microscopes 


EVEN the finest and lowest-contrast details 
can be clearly seen using the M600 series of 


| surgical operating microscopes from Wild 


Heerbrugg. They provide a large, evenly 
illuminated field of view of striking depth. 
These instruments can be placed in any 
position with mm accuracy and have a 
considerable range of height adjustment. A 
continuously variable counterbalance 
allows the instrument to be guided with 
ease and precision, even with a ciné camera 
attached. Thus, the instrument can be 
adapted for uses such as photo- 
micrography, filming or recording on 
videotape. 

Circle No. 115 on Reader Enquiry Card. 








Specimen preparation 


A NEw product in the field of specimen 
preparation, the Polycut, will be shown at 
the Light Microscopy ’81 exhibition. This 
heavy-duty microtome from Reichert- 
Jung is suitable for sectioning hard and/or 
large biological specimens and a wide range 
of industrial materials. 

Circle No. 116 on Reader Enquiry Card. 
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RNA Sequencing Enzymes 


Eliminate side reactions; use P-L Biochemicals’ 
proven quality sequencing grade enzymes. Tested 
under actual sequencing conditions. 


0997 RNA Sequencing kit 

200 units each of Ribonucleases: 

Phy M, B. cereus, T,, and U, 

Expanded RNA Sequencing kit 

Contains the enzymes in 0977 plus 
dephosphorylated RNA sequencing standard, 
digestion buffers, carrier tRNA, alkaline 
hydrolyses solution and procedure sheets 
Ribonuclease Phy M 

(A +U specific) 

Ribonuclease B. cereus 

(U +C specific) 

Ribonuclease T, 

(G specific) 

Ribonuclease U, 

(A specific) 

RNA Ligase 

(RNase free) For 3’ end-labelling 
Polynucleotide kinase 

(Nuclease free) For 5’ end-labelling 


Call or write for complete information 


0998 


OxCelence. in biochemistry 


g PLbiochemicals, inc. 


1O37 WEST McKINLEY AVENUE, MILWAUKEE, \NIS. 53205 
® Call 414/347-7442 TWX 910-262-1111 





pe. 


4817 2; 3' -Dideoxygua 
Pkg. Sizes and Price 
4umoles . 


i oy \NEST McKINLEY AVENUE, MILWAUKEE, \NIS. 53205 
® Call 414/347-7442 TWX 910-262-1111 


Circle No 03 on Reader Enquiry Card. 













NEW 


= 
X-RAY 
MICROANALYSIS 
IN BIOLOGY 


Edited by M.A. HAYAT 


Professor of Biology 
at Kean College of New Jersey 


June 1981; £30.00; 500pp; 
ISBN 0 333 32355 6 


CONTENTS 

Principles and Instrumentation — A.T. Marshall; 
Preparation of Specimens: Changes in Chemical 
Integrity — A.J. Morgan; Frozen-Hydrated 
Specimens — A.T. Marshall: Frozen-Hydrated 
Sections — A.T. Marshall; Sections of Freeze- 
Substituted Specimens — A.T. Marshall: 
influence of Specimen Topography on Micro- 
analysis — F.D. Hess; The Skeletal Muscle — M. 
Sjostrom; Liquid Droplets and Isolated Cells — 
J.V. Bonventre, K. Blouch and C. Lechene; 





Quantitative X-Ray Microanalysis of Bulk 
Specimens — F.D. Ingram and M.J. Ingram; 
Quantitative X-Ray Microanalysis of Thin 
Sections — G.M. Roomans; Index. 


This is the first book dealing exclusively with 


x-ray microanalysis of biological specimens. It 
not only presents the basic theory and operation 
of the instruments used for producing, measur- 
ing and interpreting x-ray signals, but also 
describes in detail the preparation of bulk 
specimens, sectioned specimens and fluid 
specimens. 


The book includes both qualitative and 
quantitative analysis of biological materials and 
it discusses application of x-ray microanalysis to 
pathology, physiology and cytochemistry. 


Instrumentation is presented in a concise 
manner and methodology in detail. Almost all 
instruments are covered, including TEM, SEM 
and STEM. instructions are given on how to pro- 
duce, measure and interpret x-ray signals and 
emphasis is given to the aspects of instru- 
mentation that are of practical use. In its 
comprehensive compilation of methods for 
preparing biological specimens the advantages 
and disadvantages of alternate methods are 
discussed. 


READERSHIP: Electron Microscopy, Biology, 
Biochemistry. 

LEVEL: Undergraduate and graduate students, 
researchers and research technicians. 


Send your orders, requests for further 
information etc. to: FRANCES ROACH, 
SCIENTIFIC AND MEDICAL DIVISION, 
MACMILLAN PUBLISHERS LTD., 
HOUNDMILLS, BASINGSTOKE, HAMPSHIRE 
RG21 2X8. 





MACMILLAN 
PUBL ISHERS / 


SCIENTIFIC 
& MEDICAL 


Cirrla Na PR an Reactor Faewsiry Carri 
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Cryo system 


THE Hexland Cryo system includes an 
efficient cold stage, specimen sublimation 
and preparation facilities for in situ 
evaporation, sputtering, cutting/fractur- 
ing, and sublimation. The Cryo system can 
be interfaced to most scanning electron 
microscopes, and consists of modular 
units, including a cryogenic stage, capable 
of maintaining temperatures of ~ 190°C or 
better for long periods. A decontaminator 
can be located above the specimen. This 
cold finger/plate is connected to an 
independent dewar, and will maintain a 
temperature similar to that of the cold 
stage, thus making it an efficient 
decontaminator. A Cryo pre-chamber 
fitted to the SEM allows the specimen to be 










now and of significant developments. 


will be: 
Tuesday, 7 July 


Thursday, 9 July 


The first day's programme is devoted to the instrument itse 


This exhibition will be open, free of charge, to registrants and non-regi 


~ 12 noon to 1800 hours 
_ 1100 hours to 1800 hours 
~ 1100 hours to 1500 hours 


REGISTRATION AND ACCOMMODATION 


Wednesday, 8 July 


transferred from the cooling chamber, 
cryotome or the Hexland slushing chamber 
to the cold stage. The pre-chamber has a 
specially designed cold block with its own 
liguid nitrogen dewar, accurate thermo- 
couple and a heater for sublimation. The 
specimen can be prepared in situ in the pre- 
chamber, which has fracturing facilities, a 
cold knife, a viewing port, optional stereo 
viewer and variable specimen height 
control. A small vacuum anti-chamber 
allows the specimen to be transferred from 
the Cryo slushing chamber to the pre- 
chamber. During this process, the anti- 
chamber can remain under vacuum to 
prevent the specimen coming into contact 
with the atmosphere. The slushing 
chamber has a cover and argon/nitrogen 
bleed valve for rapid freezing of the 
specimen to - 210°C. 

Circle No. 117 on Reader Enquiry Card. 





System microscopes 


Easy viewing by means of an observation 
tube inclined 30° to the horizontal is 
possible using a new design of microscope 
from Olympus. The focusing knobs allow 
smooth, light movement and are 
positioned low to enable the hands to rest 
naturally during operation. To allow easy 
processing of a large number of specimens, 
the stage is in a low position, Ultra-low 
magnifications (x1 to x4) are possible 
using a new condenser and the illumination 
system allows observation under Köhler- 
type illumination from x 1 to x 100, The 
most advanced medel in the series has the 
unusual feature of compensation for 
changes in supply voltage, maintaining a 
constant level of brightness. 

Circle No. 119 on Reader Enquiry Card. 





iT eaching microscope 


THE conference microscope, Balplan, 
from Bausch & Lomb is available in models 
with up to seven heads for teaching or 
conference situations. Designed to save 
space while allowing comfortable viewing, 
Balplan delivers crisp, bright images to all 
seven heads. Balplan Conference models 
are also available in 2, 3, 4 and 5-head 
configurations for both brightfield and 
phase contrast applications. 

Circle No. 118 on Reader Enquiry Card. 








LIGHT MICROSCOPY ‘81 
— THE STATE OF THE ART 


International Conference and 


Imperial College, London SW7 


The Exhibition, is organised by the Royal Microscopical Society in association with ‘Nature’. 


The Conference not only marks the inauguration of the Light Microscopy Section of the Royal Microscopical Society, but 
establishes a landmark in the field by providing a definitive statement of the more important aspects of light microscopy as it is 


EXHIBITION 


In conjunction with the conference, there will be an exhibition of the latest products of the Light Microscope Manufacturers. 
istrants. Times for non-registrants to visit the exhibition 


Details available from the Administrator: 


THE ROYAL MICROSCOPICAL SOCIETY 
37/38 St. Clements, Oxford OX4 1AJ 
Telephone: Oxford (0865) 48768/721081 





7-9 July, 1981 


n ‘SP r if. The second day is concerned with imaging techniques, and “light” 
microscopy is interpreted liberally. The third day will deal with two aspects of measurements on images — photometric (in 
transmission, emission and reflection) and geometric. 
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SEM system 


A NEW lanthanum hexaboride (LaB,) 
system for the DS-130 scanning electron 
microscope (SEM) is now available from 
International Scientific Instruments. It has 
a filament life of 500 h, although filaments 
have been known to last for > 1,000 
operating hours. The DS-130 guarantees 
30 A resolution and is microprocessor- 
controlled. The option of the LaB, system 
further enhances its capability for low 
voltage work in spatial modes such as back- 
scattered electron imaging, cathodolu- 
minescence and microanalysis. It is 
intended particularly for research on the 
surface of materials or for fragile or non- 
conducting specimens. Changeover from 
tungsten to LaB, emitter is at the touch of a 
button. This new system overcomes 
previous problems of short filament life 
and poor stability of LaB, emitters. A 
suitable vacuum level is obtained by either 
an ion or turbo pump. 

Circle No. 120x on n Reader Enquiry Card. 


Photomicrography system 


DEVELOPED for situations where automatic 
exposure metering is not required, the PFX 
System from Nikon is a manually-operated 
photomicrographic instrument with a 
direct projection optical system. The 
vibration-dampened, leaf-type shutter 
operates at speeds of 1/250th to 1 s with 
positions for bulb and time. A new x2 
ocular viewfinder or photomask eyepiece 
allows accuracy of focusing. Almost 100% 
of the light is available to image the film 
during exposure by the direct projection 
optical system. This is achieved by 
eliminating all relay lenses, prisms and 
reflective surfaces in the optical path. 
Thus, film images have greater contrast, 
sharpness and improved colour fidelity. 
The FX 35 manual camera back is standard 
for 35 mm applications. 

Circle No, 121 on Reader Enquiry Card. 














Heating/freezing stage 


CHANGES in the properties of a wide range 
of materials can be observed in controlled 
conditions of heating and cooling using a 
compact apparatus developed by Stanton 
Redcroft. Two versions of the transmitted 
light heating/freezing stage (TLHFS) are 
available, one operating from the low 
temperature of -180°C to 550°C; the other 
from ambient to 600°C. Intended for use 
with any high quality microscope using 
long-working distance objective lens, the 
apparatus permits light to pass through the 
material under test by resting the sample on 
a sapphire window; this allows the 
characteristics of a material to be examined 
more fully than is possible with hot/cold 
stages using reflected light. Use of a 
polarized light source allows additional 
data to be obtained from materials such as 
organic polymers, pharmaceuticals and 
inorganic materials. An applications note 
on transmitted light hot stage microscopy 
can be obtained by circling the appropriate 
number on the reader enquiry card. 

Circle No, 122 on Reader Enquiry Card. 
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Precision measurement 


PRECISION measuring equipment from 
Vickers Instruments will be shown at Light 
Microscopy '81, including the M41 image 
shearing microscope with coincidence 
setting shear. Also on display will be a 
precise focus indicator which allows 
focusing of the M41 by bringing two 
images of a graticule line into coincidence. 
A range of conventional microscopes is 
also available, including the M16. 

Circle No. 123 on Reader Enquiry Card. 
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Triocular microscope 


For USE in routine clinical laboratory tests, 
Bausch & Lomb have recently introduced 
the Galen H microscope, which also has 
applications in veterinary and medical 
schools, The Galen IH features monocular, 


binocular and triocular heads with 
optional 35mm camera kit, exclusive dual 
diopter adjustments, and front-mounted 
illumination controls. Also available are a 
wide range of flat-field achromatic, 
planachromatic or phase contrast 
objectives, plus phase contrast and 
polarizing accessories. Optional 
accessories include a darkfield condenser, 
a choice of tungsten or tungsten- -halogen 
illuminators, and various eyepieces. 
Circle No, 124 on Reader Enquiry Card. 





Stereoscan 


THE Stereoscan 100 scanning electron 
microscope from Cambridge Instruments 
Ltd. has a wide range of uses but is 
particularly suited to routine applications. 
It is simple to install and use, compact and 
designed for ease of operation. The 
specimen chamber has internal measure- 
ments of 170 x 270 x 280 mm, allowing 90° 
tilt on 127 mm-diameter specimens. This 
means that a wide range of specimens can 


be studied intact. The Stereoscan 100 is 
capable of 70 A resolution combined witha 
magnification of x 25 to x 200,000. It has 
a wide range of accelerating voltages (2, 3, 
5, 10, 15 and 25k V) and low voltage option 
(0.5, 1, 2.5, 10 and 25k¥). The ultra-clean 


‘vacuum is turbomolecular-pumped and 


operator aids include a choice of two 
automatic recording systems, TV and a 
wide range of slow-scan speeds. A large 
9-inch viewing screen can be tilted to suit 
different operators. 

Circle No. 125 on Reader Enguiry Card. 
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Awards 


The Artois-Baillet Latour Health Prize — 
has been awarded to Professor Sir Cyril 
Astley Clarke. Sir Cyril has also recently 
been awarded the Linnean Society Medal 
1981 for Zoology. 


The government of France has named 
Lawrence Berkeley Laboratory scientist 
George Brecher, to the French National 
Order of the Legion of Honor for his work 
in haematological research. 


L L Rabi of Columbia University is to be 
awarded the Michael I. Pupin Medal. 


The prizewinners of the Feldberg 
Foundation awards for 1981 are 
Prof.Lindemann University of the 
Saatland; Prof. J. Hughes (Imperial 
College of Science and Technology 
London); Prof. H. Kosterlitz (Unit for 
Research on Addictive Drugs, University 
of Aberdeen). 


Thomas Fryer (NASA’s Ames Research 
Center) has been named NASA Inventor of 
the Year for 1980 for his work in medical 
electronics. 


Winners of Brandeis University’s 1981 
Rosenstiel Award for ‘Excellence in Basic 
Medical Science Research” are Bengt I. 
Samuelsson (Karolinska Institute in 
Stockholm) and Elias J. Corey (Harvard 
University) for related research of 
substances that influence the body’s vital 
organs; and Frank H. Westheimer 
(Harvard University) for contribution to 
research in biochemistry. 


In recognition of fundamental work in the 
field of crop bioenergetics the Rank Prize 
funds have been awarded to: Dr Hugo 
Peter Kortschak; Dr Marshall Davidson 
Hatch, and Dr Charles Roger Slack. 


Applications are invited for the Institution 
of Chemical Engineers Industrial Research 
Fellowship which carries an Honorarium 
of £1,000 and necessary travelling 
expenses. The Fellow will be expected to 
produce a report identifying recent 
advances in the subject and highlighting 
areas where future research would be bene- 
ficial. Applications to: Mr S.A.E. Buxton, 
Senior Assistant Secretary (Technical), 
The Institution of Chemical Engineers, 
165-171 Railway Terrace, Rugby, UK. 


The Fondation de Physiopathologie 
Professeur Lucien Dautrebande will award 
his next prize of about 1,500,000 belgian fr 
during 1982 for work on human or animal 
clinical physiopathology having 
therapeutic implications, Further 
information from the office of the 
Foundation, 35, chaussée de Liège, $200 — 
Huy, Belgium. 


ES i 

















For the John Eggert Prize Foundation. 
Young scientists are encouraged to submit 
papers from the field of Imaging Science to 
Dr W. F. Berg, Hellstr. 7, DH-8127 Forch, 
Switzerland by 15 October 1981. 


The British Vacuum Council seeks to 
encourage young scientists (under 27 years 
of age) by inviting entries for its annual 
C.R. Burch Prize of £100 for the best sub- 
mitted paper on vacuum studies, surface 
science, thin films, or any related topic in 
which vacuum science or engineering plays 
an important role. Entries by 1 October 
1981 to: Dr J.S. Colligon, Department of 
Electrical Engineering, University of 
Salford, Salford, UK 


The Peter Debye-prize will be awarded by 
the University of Limburg, to a person or 
group of persons who are considered to 
have made a fundamental contribution to 
research in the field of immunology and 
oncology, Further information from the 
University of Limburg att. Drs V. H. 
Rutgers, secretary of the jury, 
Tongersestraat 53, PO Box 616, 6200 MD 
Maastricht, The Netherlands. 


Appointments 


Professor Max Whitten, Professor of 
Genetics at the University of Melbourne 
has been appointed Chief of CSIRO’s 
Division of Entomology. 


Dr. Angus D. McEwan has been appointed 
Chief of the CSIRO’s new Division of 
Oceanography, he is currently a research 
leader in the Division of Atmospheric Physics. 


Lord Todd, (Christ College, Cambridge) 
and Professor Thomas (University of 
Cambridge) have been elected Honorary 
Fellows of the Indian Academy of 
Sciences. 


Meetings 

8-10 August, Cryogenic Process 
Engineering, San Diego (CRYOCOURSE, 
PO Box 3081, Boulder, Colorado 80307, 
USA). 


10-14 August, 1981 Cryogenic Engineering 
Conference, San Diego (Dee Belsher, 
CEC, NBS, 1-4001, Boulder, Colorado 
80303, USA). 


17-22 August, High Pressure in Research 
and Industry, Uppsala (High Pressure 
Conference, c/o RESO, Box 1313, $-75143 
Uppsala, Sweden). 


31 August — 2 September, British 
Association Annual Meeting, York (Press 
Office, BAAS, 23 Savile Row, London 
W1, UK). 


2-4 September, Uranium Institute Annual 
Symposium, London (Conference 
Associates UIS, 34 Stanford Rd, London 
W8, UK). 


7-10 September, EMAG ‘81, Cambridge 
(The Institute of Physics, 47 Belgrave 
Square, London SW1, UK). 

9 September, Asthma, London (Society for 
Drug Research, c/o institute of Biology, 41 
Queen’s Gate, London SW7, UK). 

10-11 September, Concepts of Purity, 
Canterbury (Mr P.R.W. Baker, Wellcome 
Research Laboratories, Langley Court, 
Beckenham, Kent, UK). 

10-21 September, Leukotrienes and 
Prostacyclin, Erice (Prof. F. Berti, 
Istituto di Farmacologia e Farmacognosia, 
Universita di Milano, Via Vanvitelli, 32, 
20129 Milano, Italy}. 

13-16 September, Surviving the 80s, 
Southampton (Conference 1981, Southern 
Science and Technology Forum, Building 
25, The University, Southampton, UK). 
14-15 September, Integrated Optics, 
London (The Institution of Electrical 
Engineers, Savoy Place, Londen WC2, 
UK). 

17-18 September, AGU Pacific Northwest 
Regional Meeting, Ellensburg (B. Bentley, 
PNAGU, Central Washington University, 
PO Box 1000, Dept of Geology, 
Ellensburg, Washington 98926, USA). 
17-18 September, AGU 1981 Midwest 
Meeting, Minneapolis (Agu Midwest 
Meeting, 2000 Florida Ave, NW, 
Washington DC 20009, USA). 

19 September — 2 October, Postgraduate 
Course on Pain Therapy, Vicenza (Agenzia 
Spiller, C.so Felice 151, 36100 Vicenzia, 
Italy). 

20-25 September, Computer Ergonomics, 
Loughborough (HUSAT, Dept of Human 
Sciences, University of Technology, 
Loughborough, Leicestershire, UK). 
21-23 September, Turbulence, Missouri- 
Rolla (Prof. G.K. Patterson, Chemical 
Engineering Dept, University of Missouri- 
Rolla, Rolla, Missouri 65401, USA). 
21-24 September, Gas Fluidisation, 
Bradford (Mr D.B. Firth, | Chem E, 12 
Gayfere St, London SWI, UK). 

21-25 September, Clean Air and Pure 
Water — Tomorrow's Luxuries?, 
Jönköping (Elmia AB, Box 6066, 5-550 06 
Jönköping, Sweden}. 
22-25 September, Information "81: 
Forecasts and Realities, Oxford (ASLIB, 
3 Belgrave Square, London SW1, UK). 
22-23 September, Applications of 
Petroleum Geochemistry to Basin Studies, 
London (Dr J. Brocks, Exploratino Dept, 
The British National Oil Corporation, 150 
St Vincent St, Glasgow, UK). 

29 September — 2 October, Indoor 
Pollution, Health and Energy 
Conservation, Amherst (Mrs J. Curhan, 
Energy and Environmental Policy Center, 
John F. Kennedy School of Government, 
Harvard University, Cambridge, 
Massachusettes 02138, USA). 
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QUEEN MARY COLLEGE 
University of London 
LECTURER IN ZOOLOGY 


Applications are invited for this post 
in the Department of Zoology and 
Comparative Physiology. Preference 
will be given to applicants 
specialising in vertebrate zoology, 
although specialists in other fields 
will be considered. 


Salary on scale £6,070 — £12,860 
pa plus £967 London Allowance. 


Forms and further details available 
from The Secretary, (N) Queen Mary 
College, Mile End Road, London El 


u ANS, to whom applications should be | 


made by 31 July 1981. (8948)A 





IMMUNOLOGIST 
MOLECULAR BIOLOGIST 


Postdoctoral positions available for 
1) Molecular genetic studies of 
expression of immunoglobulin genes, 
and 2) for characterization of 
lumphocyte subpopulations as 
identified with monoclonal 
antibodies and separated by FACS. 


Send curriculum vitae and names 
of three references to: K L Knight, 
PhD, University of Illinois Medical 
Center, SBMS Microbiology/Im- 
munology, 835 South Wolcott, 
Chicago, IL 60612. 


An Equal Opportunity/Affirma- | 
| tive Action Employer. (NW727)A 





UNIVERSITY OF 
CAMBRIDGE 
CELL BIOLOGISTS 


Interested in postdoctoral work on 
cell surface properties and 
biochemistry, in situ nucleic acid 


| hybridisation or electron microscopy 


required for projects on mammalian 
embryos, 


Applications, with names of three 
referees, by 31st July, to: Dr M H 
Johnson, Department of Anatomy, 
Downing Street, Cambridge. 

(89824 









engineering field. 


Patscentre International is one of 
the world’s foremost organisations 
dedicated to all aspects of new 
product and process development, 
with laboratories in the UK, 
Australia, Belgium and the USA and 
covering almost every scientific and 


Continuing expansion has created 
new vacancies in the field of 
biochemistry. Candidates will have a 
good first degree in biochemistry, 
preferably with a Ph.D. Expertise in 
the synthesis of enzymes, 
nucleotides, peptides or other related 
biochemicals will be an advantage. 














Biochemists/ 


a decided asset. 


Ga Patscentre International ogo 
Cambridge Division 


1979 


Applicants should also be creative, 
adaptable and commercially aware, 
Experience in a commercial 
biochemical environment would be 


Please write with career details to: 
Dr R. C. Whelan, 

Operations Director, 

Patscentre International, 
Melbourn, Royston, 

Herts, SG8 6DX, 

Tel: Royston (0763) 61222. 
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INSTITUTE of Cancer Research: A 
Research Assistant is required to join 
the Leukaemia Unit at Sutton, 
Surrey, to investigate the immune 
status of patients receiving bone- 
marrow transplants. Previous 
experience in cell culture and mixed 
lymphocyte cultures essential. Salary 
in scale £4,677 — £6,222 pa plus 
London Allowance of £527 pa. 
Applications with a full CV Gn 
duplicate) and the names of two 
referees should be sent to the 
Secretary, Institute of Cancer 
Research, 34 Sumner Place, London 
SW7 3NU, quoting ref. 301/B/6. 
(8990) A. 





GRIFFITH UNIVERSITY 
Brisbane, Australia 


LECTURER — 
SCHOOL OF SCIENCE 
(Life Sciences — Plant 
Molecular/Cellular Biology) 


A Life Science option is offered by 
the School of Science and includes an 
integrated coverage of Genetics, Mic- 
robjology and Physiology. 


Applicants should possess approp- 
riate experience in plant biological 
sciences, relating to molecular and/or 
cellular aspects, Depending on the ex- 
pertise of the appointee, the main 
teaching duties will be in undergradu- 
ate courses in plant physiology 
(second year course), genetics, and 
microbiology (second and third year 
courses). It is anticipated that there 
will be opportunities to teach 
honours level courses. Pursuit of re- 
search is a requirement of the ap- 
pointment and collaboration in 
group and interdisciplinary research 
projects is encouraged. 


It is anticipated that the appointee 
will commence duties as early as pos- 
sible in 1982. Apointment will be 
made at the lower end of the Lecturer 
scale, ie $A19,821 -— $26,037. 


Further details may be obtained 
from the School Administrator, 
School of Science, Griffith Univer- 
sity, Nathan, Queensland, Australia, 
4111, to whom applications (includ- 
ing curriculum vitae, names and ad- 
dresses of two referees) should be sent 
by 37 August 1981. 


Conditions of appointment and 
application procedure also available 
from the Association of Common- 
wealth Universities (Appts.), 36 
Gordon Square, London WCIH 
OPF. (8964)A 
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CORRESPONDENCE 








Continued from p. 8 

This is not the ideal test of ‘‘survival of the 
fittest’’; it does not compare fitness and 
survival within one population. Instead, it 
compares populations, of which the later is 
descended from survivors of the earlier (at 
both the individual and the species level), The 
populations are separated by some millions of 
generations; this interval is long enough for 
comparison of the populations with an 
objective standard to reveal an increase in 
fitness. Could this cumulative increase in 
fitness be produced by anything except 


“survival of the fittest”? 
D.G. STEPHENSON 


Department of Geology, 
University of Keele, UK 
Lo Rudwick, M.J.S. Br. J. Phil, Sci, 18, 27-40 (1964). 


2. Paul, C.R.C. in Patterns of Evolution (ed. Hallam, A.), 
125-158 (Elsevier, Amsterdam, 1977). 


University staffing 


Sir — On behalf of my members I should like 
to make comment on the article, ‘Change 
wanted”’ in Nature of 11 June (p.442). 

I do not wish to proffer an opinion on the 
second interim report from the Swinnerton- 
Dyer committee but I do want to protest most 
strongly about your suggestion that a cutback 
in non-academic staff would be quicker and 
should be considered first. 

First, the financial savings accrued from 
such cuts would be a drop in the ocean in 
comparison with the salaries saved from the 
academic staff. We as technicians are aware of 
departments with an academic staff 
establishment which in no way reflects the 
actual number of students taught. It is the top- 
heavy nature of such departments that needs 
careful consideration. 

Second, the last sentence in the article asks 
“But is not the university an institution whose 
chief purpose is academic?’’. In order to 
maintain that purpose the academics need the 
back-up services of trained technicians to 
provide an efficient lab class and assist with 
research projects. An academic with a heavy 
teaching load trying to do research at the same 
time would either have to cut back the amount 
of teaching or give up a substantial part of his 
research projects in order to replace the 
technical services now provided. 

As regards cleaners and porters, they 
already work in rather grubby conditions and I 
am sure that academic standards would not be 
improved if the academics had to clean their 
own rooms or provide an adequate supply of 
toilet paper in the lavatoric:, 

In conclusion, we are aware that because of 
government cuts, savings must be found 
somewhere. But please do not point the finger 
at one group of staff. Far rather let each 
college put its own house in order and 
safeguard the jobs and careers of all its 
employees by looking at other areas of saving 
first. 

The universities could also make a positive 
and voluble stand against the government cuts 
in an effort to maintain the opportunity of 
higher education for as many people as 
possible. 


A.L, PRICE THOMAS 
Branch Chairman, 
Association of Scientific, Technical 
and Managerial Staffs, 
Westfield College Branch, London NW3, UK 


Psychiatry on trial 


Sır — Your ill-disguised dismissal of R.D. 
Laing (Nature 4 June, p.367) does little to 
clarify the many interconnected issues raised 
by the Sutcliffe case. Permit me to draw the 
following lessons from his trial: 

(1) Escape into the protection of some 
illness, however well-defined or spurious, is no 
longer possible. Each of us needs to accept 
responsibility for our actions. 

(2) The utter “normality” displayed by 
Sutcliffe during his trial now puts the onus on 
psychiatry to defend its labelling of 
unacceptable behaviour as ‘‘illness’’: may I 
remind you that there are psychiatrists 
amongst those who collude in the 
incarceration of Soviet dissidents. 

(3) That anyone, particularly psychiatrists, 
should be surprised when the ‘‘common and 
pervasive” sexual abuse of, and violence 
towards women takes such an extreme form, is 
but a sad reflection on our society. Where I 
beg to differ from you is in not ascribing this 
to “psychiatric illness’’ but rather to the 
inevitable consequence of a pervasive 
morality. The sooner we stop hiding behind 
the comfort of psychiatric illness the better we 
shall see our own responsibility as members of 
the society that has nurtured Sutcliffe. 

K. PauLus 
Clifton, Bristol, UK 


Search for truth 


Sir — Although not directly involved in the 
investigation of the origin of species, 
astronomers are, nevertheless, involved at the 
‘‘sharp end” of research into origins as they 
seek to explore the Universe and as such I 
would like to comment on the leading article 
“How true is the theory of evolution?” 
(Nature 12 March, p.75). 

Darwin’s theory of evolution, like the 
theory of special creation, is just that, a 
theory, which is incapable of being proved as 
fact by scientists, and also incapable of being 
falsified. Both theories therefore, if given the 
label of scientific theories, fulfil Popper’s 
second criterion. Second, in order to assemble 
and evaluate evidence for particular theories, 
scientists, hopefully, try to be as objective as 
they possibly can; if not, then their credibility 
may well be called into question. However, 
most people would find it impossible to be 
totally objective and impartial in weighing up 
evidence. Each of us has prejudices which we 
are incapable of putting out of our minds as 
we seek to assess observed facts, so their 
interpretation can never be fully objective. 

This problem is particularly acute when the 
origin of the species is being investigated. The 
whole question of the existence of God and as 
a consequence our accountability to him as 
God, past conflicts between church leaders 
and scientists, dissatisfaction with the 
implications of evolution on the one hand and 
with the role of the Bible and the church on 
the other have all made the investigation of the 
origin of the species a good deal more 
subjective than other areas of scientific 
investigation. 

Creationists will do themselves a great 
disservice by choosing to bury their heads in 
the sand as scientific investigation proceeds in 
the future but equaily so will evolutionists if 
they draw up behind a barrier of indignation 
at the thought of Darwin’s theory never 


achieving the status of fact. 

Objectivity of investigation and 
interpretation is not only desirable but very 
necessary, for in the final analysis the truth 
will stand all investigations and still be the 
truth long after we arevall laid to rest. 

Howarp Reap 
Department of Astronomy, 
University of Manchester, UK 


American Creation 


Sir — The correspondence arising from the 
British Museum’s cladistic activities has had 
one common aim — tc avert the imminent 
threat of an upturn in creationism (Jukes, 
Nature 21 May p.186; editorial 28 May p.471) 
We are tempted to ask why evolutionism feels 
threatened by creationism, when the real 
controversy has not yet been stated openly. 
This does not lie in E.O. Wiley’s question 
(Nature 30 April, p.730) “Does the 
phenomenon of evoluion occur?”’, since the 
majority of creationisis would not deny that 
evolution occurs, but in the question ‘Did the 
evolutionary mechanism provide the actual 
pathway from sterile Earth to living world?" 

Any view of origins that does not invoke a 
supernatural Creator must conclude either that 
it did or that life arrived from space in some 
form, as proposed by Crick and Orgel, 
Wickramasinghe and Hoyle, and others. 
Either view must be accepted by faith, either 
in the propositions themselves or in the ability 
of science to provide proof in the future. The 
atheist, whose metaphysical presuppositions 
do not allow him to countenance any form of 
divine activity, is more close-minded than 
many theists, who would happily accept either 
theory or the alternative, special creation, 

To take a narrower view, any survey of 
Bible-believing Christians would reveal a wide 
spectrum of conclusions. These would range 
from those who believe that God has worked 
through essentially meo-Darwinian evolution, 
to those ‘‘creationists’’ who find current 
evidence for Darwinian evolution 
unconvincing and conclude that special 
creation is consisten: not only with the 
scientific evidence bat also with the whole of 
Scripture, the reliability of which can be 
verified experientially by the Christian. 

It is often stated that many creationists take 
no account of the scientific arguments for 
evolution. Since the-converse is also true, we 
will point to some of the issues we consider 
relevant. It is reasonable to point out that no 
plausible theoretical) model exists which 
provides a mechanism for the spontaneous 
generation of nucle acids as informational 
macromolecules specifying polypeptides which 
themselves mediate the replication and 
expression of that information. The 
experiments demonstrating the formation of a 
variety of organic molecules fram presumptive 
prebiotic soups fall far short of providing a 
pathway for chemical evolution. Again, it is 
self-evident that the fossil record leaves much 
to be desired and few biologists recognise the 
dependence of the geological column on 
radiometric dating methods based on 
questionable assumptions about initial 
conditions. The whole history of evolutionary 
thought is littered with the debris of dubious 
assumptions and reisinterpretations, especially 
in the area of fossk “hominids”. To come up 
to date, protein and) DNA sequence data, 
generally viewed as consistent with an 
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“evolutionary explanation of diversity, are 
invariably interpreted using methods which 
presuppose, but do not demonstrate, 
evolutionary relationships, and which use 
criteria that are essentially functional and 
teleological. Finally, there is a collection of 
isolated fragmentary pieces of evidence which 
are usually dismissed as anecdotal because 
they are irreconcilable with the evolutionary 
model. From the above and other 
considerations it is possible to argue a strong 
case for special creation. 

if, however, we are to be banished to the 
lunatic fringe, we find ourselves in the 
company of men who are regarded as the 
founders of modern science — Boyle, Newton 
et al. These men formulated the laws of 
physics and chemistry, not by invoking the 
supernatural but by assuming it, in the 
conviction that all things were made by an 
intelligent and all-powerful Creator who had 
imposed order and meaning on his creation. 
So it seemed to them, and is it not reasonable 
to ask whether they would have begun to ask 
the right questions if it had seemed otherwise? 
it has, for example, been suggested by 
Needham that the reason for the failure of the 
Chinese to develop the scientific method of the 
West was that they did not see order in nature 
as ordained by a personal, rational being. 

Science can be conducted only within a 
context or ‘‘world view’’ which inescapably 
determines its aims and directions. We, as 
scientists, must be aware that as long as our 
society looks to the great god of science for 
direction and meaning, our own world view 
will be shaped by our own science. If we assert 
untruth, half-truth or hypothesis as fact, 
society and we ourselves will be misled and we 
will be responsible for the cultural, political 
and ethical consequences, Truth was never 
determined by majority opinion. 

We are dismayed by the methods and 
attitudes of American Creationism. The 
legislature cannot be used to establish truth, 
either scientific or spiritual. Furthermore we 
believe that the Bible, though accurate, was 
not written as a scientific textbook but written 
primarily to lead men to a personal knowledge 
of God through His Son. In that knowledge 
we are able to say: ‘‘By faith we understand 
that the world was created by the word of 
God”’ (Hebrews 11.3). 

Curis DARNBROUGH 
Joun GODDARD 
WILLIAM S. STEVELY 
University of Glasgow, UK 


Room for faith 


Sır — Contrary to what your editorial on 
creationism and evolution might suggest 
(Nature 28 May, p.271), few ‘“‘card-carrying 
believers” within the scientific community 
would hold to the ‘‘God of gaps’’ theory you 
describe. Few see any major conflict between 
science and religion. Most see them as 
providing different languages to describe the 
same phenomenon — the view that God 
created the world and that evolution was the 
mechanism by which he did it is not 
contradictory. ‘God created the world” 
cannot be held up as a scientific theory. It is 
scientifically and theologically unprovable. It 
has to remain a matter of faith. However, 
some of the corollaries of creationism: the 
insufficiency of mutation and natural selection 
to account for intra-specific diversity, 
catastrophic geology, a shrinking rather than 
an expanding active gene pool; are worthy of 


some consideration within a scientific context. 
Indeed, it is surprising how rapidly some 
tentative theories in support of evolution have 
become scientific facts. The absurdity of 
recapitulation and the half-truth of horse 
evolution are still incorporated into school 
textbooks as irrefutable fact. Evolutionists 
often present their ‘‘beliefs’’ as dogmatic 
“fact” in a similar vein to creationists. 

What is required is not that creation should 
gain equal time within the school curriculum 
of Arkansas or the exhibitions of the British 
Museum (Natural History); but that school 
pupils and general public alike are presented 
with the solid facts as far as they are known 
with both their limitations and their certainties 
(but not with conjecture or extrapolation). 
And that they be encouraged to draw their own 
conclusions; to observe the data, to construct 
their hypothesis and to test it against the new 
data as they emerge. In other words, they 
should be encouraged to learn and apply the 
scientific method. This should be the basis of 
all biology courses and museum exhibitions. 

However, the controversy will not be stayed 
by the application of scientific method; 
because what one believes about the origin of 
life and of man has a grave effect on how one 
treats fellow man and how society functions. 

New K. MCBRIDE 
Microbiology Department, 
Queen Elizabeth College, London W8, UK 


e e e 
Missing links 
Sir — In your leading article ‘‘How true is the 
theory of evolution?” (Nature 12 March, 
p.75), you discussed the apparent inability of 
the Darwinian theory of evolution controlled 
by natural selection to explain the episodic 
nature of the fossil record. 

It must be accepted that the fossil record of 
most evolutionary lines does indeed show 
changes taking place in discontinuous jumps 
rather than in a continuous manner. It is 
important to realize that even a continuous 
development resulting from the accumulation 
of many small changes may only rarely show 
itself as this in the fossils unearthed. 

We are unlikely to find the fossil remains of 
more than one in a hundred million or so 
individuals. Most of the fossils which we see, 
therefore, are necessarily those of organisms 
which were common over large areas and 
which remained common and unchanged for 
long periods. For this to be possible the species 
concerned must have been well adapted to a 
particular niche in a stable environment. If the 
environment changes the niche must change, 
and may then be invaded successfully by 
another species, or even vanish altogether. 

Once a species has filled a stable niche it can 
rarely gain by changing in anything but minor 
ways. In an environment which has been stable 
for a long time, all major neighbouring niches 
are likely to be filled by other successful 
organisms, so that individuals that differ from 
the species optimum are likely to be less 
successful than the norm. Natural selection 
will then act to slow down significant 
evolutionary change. 

Rapid evolution can occur only where there 
is extremely intense intraspecific competition, 
as in the case of our own ancestors, or where a 
species is not well adapted to its habitat — for 
example in regions colder or wetter than the 
stable environment to which it was adapted, 
and/or with different fauna or flora. 
Population pressure in a successful species will 
constantly be supplying a trickle of individuals 


to such non-optimal peripheral regions around 
the main habitat. In such a region a small 
mutation, useless or even mildly harmful, 
could be advantageous to survival outside the 
normal range. Again, this would be unlikely to 
help if the new area itself had a stable climax 
ecology where all important niches were 
already filled. It is in a small area with many 
empty niches, and perhaps cut off by some 
natural barrier introduced by climatic, 
volcanic or other phenomena, that a now non- 
optimally adapted species may survive and 
find a whole series of minor mutations 
advantageous, eventually leading to major 
changes in structure and behaviour. During 
the whole of this development numbers will be 
limited, allowing a significant degree of 
genetic drift, and the intermediate forms may 
not persist for long, so that the chances of our 
finding fossils of such intermediates will be 
slight. 

Not until the species has changed so much 
that it can successfully invade a new stable 
area when the barriers break down, as the 
rabbit did in Australia, can it become common 
and persistent over an extended period — and 
give us a chance to find its remains. 

I am not trying to disprove the occurrence at 
some times in the past of large discontinuous 
jumps in evolution, or to prove that all 
evolution has occurred as a result of natural 
selection acting on a large number of random 
mutations, mostly small. All I am saying is 
that whichever of these is true the fossil record 
must be expected to be discontinuous. 

‘Missing links’? may be truly missing, or 
simply so small in number and period of 
existence that they have not been found. 

J.H. FREMLIN 
Department of Physics, 
University of Birmingham, UK 


Scientists for sale? 


Sir — Increasingly, the members of the 
biomedical research community are being 
forced to give their activities a greater 
immediacy of application. The commercial 
pattern into which the work on genetic 
engineering and monoclonal antibodies is 
falling reflects this pressure. There could arise 
conflicts in the academic mind some of which 
merit public discussion. 

In the past there have been no constraints, 
other than moral, on the free movement of 
individuals between research groups. 
However, now, many of the commercially 
useful activities, whether in industrial or non- 
industrial laboratories, involve team work. 
These groups, like football teams, require 
continuity for success and their members, it 
can be argued, should be subject to the same 
restraints on movement from laboratory to 
laboratory as are footballers between teams. 
Specifically, contracts of employment should 
be considered as not only binding on the 
employer but also on the employee. It could 
even be maintained that changes within the 
period of a contract could be arranged by 
mutual agreement but only on payment of an 
appropriate transfer fee. Breaking of the 
contract by either employer or employee 
should be subject to the process of the law in 
the usual way. 

As things stand at the moment, poaching of 
staff and of ideas on which considerable 
development money has been spent can occur 
without let or hindrance. A.J.S. Davies 
Institute of Cancer Research, 

Royal Cancer Hospital, London, UK 
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The GQueen’s University 
of Belfast 
CHAIR OF 
CHEMICAL 
ENGINEERING 
Applications are invited for the 
Chair of Chemical Engineering. 
The salary attached to the ap- 
pointment is £17,676 per antium 
with contributory pension rights 
under FSSU or USS. 
Further particulars may be 
obtained from the Personnel 
Officer, The Queen’s University 
of Belfast BT7 INN, Northern 
Ireland. Closing date: 18 Septem- 
ber 1981. (Piease quote Ref. 
81/N) (8958) A, 





Development Scientists- 
Recombinant DNA 


Up to £10,000" BUCKS 


Amersham International Limited, formerly The Radiochemical Centre Limitec, holds a major 
position in the development and supply of radioisotopes for research and medical 
applications. Many of our products are already used in molecular biology research and we 
have now set up a new group with the objective of investigating potential applications of 
recombinant DNA and developing new products. 


We now have several attractive career opportunities for self-motivating and innovative 
scientists who have a strong background in one of the biological sciences and a good under- 
standing and several years’ practical experience of recombinant DNA techniques fo help us 
meet these objectives. 


One of the posts will particularly suit a scientist who has a thorough understanding of the 
application of radioisotopes in molecular biology and a background in biological chemistry 
plus research experience which has included handling and purifying nuclear acids and 
proteins. 


Candidates must have an appropriate PhD qualification and a successful record of R & D 
work in an academic or industrial environment. Career prospects for the right candidates are 
very good in a British Company which has a world wide reputation and an excellent growth 
rate in a highly complex and competitive market. 


Starting salaries will be up to £10,000* with the prospect of increases to £12,500+ and 
they will be reviewed in November. First class benefits will include fullrelocation assistance, 














GUY’S HOSPITAL 
MEDICAL SCHOOL 
Renal Unit, 

Clinical Science Laboratories 
GRADUATE RESEARCH 
ASSISTANT 


with experience in immunology 
and/or platelet work, required for 
one year for work on MRC supported 
research project. 


Salary on scale £5,285 -~ £7,700, 


plus £967 London Allowance. where appropriate. 
Apply in writing, with full Please write with concise career details to P. L. Jones, Personnel Manager at the address 
curriculum vitae, to the Secretary, below. 


Guy’s Hospital Medical School, 
London Bridge SE! ORT, quoting 
Ref. RM. Enquiries to Professor JS 
Cameron (Tel: 01-407 7600 ext. 
2445). (8943)A 





Amersham International Limited 
White Lion Road Amersham 
Buckinghamshire HP7 9LL (9000)A 


Amersham — 









Public Health Laboratory 
Service Board 


Central Public Health 























Laboratory 
Food Hygiene Laboratory MIDDLESEX 
BIOCHEMIST POLYTECHNIC , 
to join a small research group RESEARCH FELLOW : 
engaged in studies on the Boat ROAD ACCIDENT STUDIES UNIVERSITY OF BRISTOL 


cation and characterization of 960 . 
various toxins associated with £6, — £10,929 pa inc 


foodborne disease and to initiate (Burnham Researcher ‘B’ Scale) 
studies on rapid methods for the A temporary two-year post to carry 
detection of bacterial pathogens | | out a research project into the effects 


Long Ashton Research Station 


HEAD OF 
PLANT SCIENCE DIVISION | 








in food. of road improvement schemes on 

Applicants, male or female, || accidents, financed by the Science An experienced plant physiologist or other plant scientist is required to 

should have an appropriate || Research Council. lead and to manage the Plant Science Division, comprising work on 

degree and post-graduate experi- Candidates should preferably have environmental physiology, plant nutrition, plant biochemistry and 

ence of a range of biochemical a higher degree in a relevant subject growth regulation. The Division will need to collaborate extensively 

and immunological techniques; a — eg Civil Engineering, Mathe- with others devoted to food and beverages, pomology and crop 

higher degree would be an matics, Statistics — with some protection. 

advantage. The successful can- || experience of research in industry or . 

didate will be expected to show in an institution of higher education. Appointment in the Deputy Chief Scientific Officer grade (at present» 


versatility and initiative to meet This post is not open to candidates £16,500 to £19,500 pa). Non-contributory superannuation scheme. 


the future requirements of the who have previously held SRC 















laboratory. ; funded Research Assistantships, but Essential qualifications are a Higher Degree and a well established 

The appointment will be at the || is open to those who have held SRC reputation in relevant scientific disciplines. Furthermore, the post 

a Microbiologist Grade. Studentships. requires an ee of the administration of research and the 
urrent salary range £8,201 — A s experience and personality to lead a team of approximately 38 

£10,448 inclusive of London || 4 n S rE ALISE for post expert staff. 

Weighting. NHS Terms and Con- etaiis, conditions of service and an 





application form, posting first-class This is a second advertisement; previouscandidates will be considered 


iti f j i A ; 
ditions of Service will apply to: Personnel Office, Middlesex without further application. 


Applications, including full || Polytechnic, 114 Chase Side, London 
curen vitae ana the names || Nid SPN. For further information 
aa h eee i eee about the project, write to or 
Offic z ae rp ba Peat telephone Dr C C Wright, Middlesex 

cer, Central Public Health || polytechnic, Queensway, Enfield, 
Laboratory, Colindale Avenue, || Middlesex EN3 4SF. Telephone 


London NW9 SHT (Tel. 01-205 ; 
01-804 8131 ext. 326. Closing date 13 
7041). {8961)A July. (840A 














Further particulars from 
The Secretary, Long Ashton Research Station, Long Ashton, 
Bristol BS18 SAF. Written applicatiens, including a full cv, all 
relevant details and the names of three referees must be 
received by 24th July, 1981. (807) 
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techniques are essential qualities. 


years and will be superannuable. 
Closing date: 31st August 1981. 


The Personnel Officer 


Daresbury, Warrington WA4 4AD. 


SYNCHROTRON 
RADIATION RESEARCH 
MRC/SERC JOINT APPOINTMENT 


The Medical Research Council and the Science and Engineering 
Research Council have agreed jointly to appoint a Post Doctoral 
Research Associate to work at the SERC Synchrotron Radiation 
Source (SRS) at the Daresbury Laboratory. This appointment 
provides a unique opportunity for the right man or woman to 
make an original contribution to an expanding field of research. 
The successful applicant would be expected to take 
responsibility for supporting the exploitation of the SRS in the 
field of biological and medical applications of small angle x-ray 
scattering and to participate in the research programme, Projects 
already approved include work on proteins, muscle and viruses, 
and the appointee would be expected to act as a focal point for 
these activities and to advise and assist other SR users in this 
area. An experimental station is being commissioned and will be 
available for some of this work but the appointee would be 
expected to take part in the design, construction and operation of 
further equipment. For this reason, the appointee should have a 
good understanding not only of the application of SR to 
biological problems but also of electronic methods of x-ray 
detection and data collection. The ability to work as a member of 
ateam and to have an enthusiasm for the development of new 


An appointment will be made at a salary between £8006 and 
£9015 per annum fixed according to age, qualifications and 
experience. The post will be available for a fixed term of three 


For further information please write to or telephone Warrington 
(0925) 65000 Dr. P. J. Duke (Ext. 460). Applications should be sent 
together with curriculum vitae and the names and addresses of 
two referees, quoting reference number DL/765/N to: 


DARESBURY LABORATORY 


Science & Engineering Research Council 
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University of London 
British Postgraduate Medical Federation 
Cardiothoracic Institute 
Cardiac Muscle Research Unit 


Research Assistant 


Electron Microscopy/Cell Biology 


Applications are invited for the above post to work with Dr N. J. 
Severs on membrane structure in cardiovascular muscle and 
endothelial cells. Freeze-fracture techniques are to be the 
principal tools in this project, and preference will be given to 
candidates with previous experience in electron microscopy. A 


keen interest in membrane structure and function is essential. 
The post is funded by the British Heart Foundation, and will be 
available for three years from October 1st 1981. Candidates 
should have (or expect to obtain) a first or upper second class 
honours degree. The successful applicant will have the 
opportunity to register for a higher degree. 

The salary will be on the base point of the pre-doctoral research 
assistant scale, currently £5,285 + £967 London Allowance. The 
post is superannuable in the Universities’ Superannuation 
Scheme. 

Application forms from the Secretary's Office, Cardio- 
thoracic Institute, 2 Beaumont Street, London W1N 2DX, 
to be returned not later than 24th July, 1981. (8952)A 




























UNIVERSITY OF EDINBURGH 
DEPARTMENT OF 
HUMAN GENETICS 
Applications are invited 
for the post of 


POST DOCTORAL 
RESEARCH FELLOW 


in the above Department to study 
immunological approaches to 
therapy in Cystic Fibrosis with par- 
ticular regard to Phagocytic cell 
function. Previous experience of 
cell separation techniques and with 
human phagocytic cells would be 
an advantage. The post is available 
for three years from a date to be 
arranged. 

The salary will be on the IA scale for 
Research Staff which starts at 
£6,070, according to age, quali- 
fications and experience. 

Further details from Or J A 
Raeburn, University Department of 
Human Genetics, Western General 








ext 177}, to whom applications 
should be sent not later than 3rd 
August, 1981. 

Please quote Reference no. 5030. 
(8973)A 




















Hospital EH4 2XU (Tel 031-332 2471. 
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UNIVERSITY OF 
CALIFORNIA 
AT LOS ANGELES 
FACULTY POSITION 


The University of California at Los 
Angeles has an opening for a tenure 
(Associate or Full Professor) faculty 
position in the Department of 
Atmospheric Sciences. The 
applicant’s research specialization 
should be in the field of atmospheric 
radiation, preferably with emphasis 
on applications to the dynamics of 
planetary atmospheres. The can- 
didate should have an exceptional 
record of accomplished research and 
will be expected to develop a high- 
quality, independent research 
program at UCLA. Demonstrated 
experience in graduate and under- 
graduate teaching is desirable. 


Applications will be accepted until 
March 1, 1982. The appointment can 
be effective as early as July 1, 1982. 
Interested inviduals should submit a 
letter of intent to: Professor Hans R. 
Pruppacher, Chairman, Dept of 
Atmospheric Sciences, University of 
California, Los Angeles, CA 90024. 
Tel: (213) 825-1954. 


The University of California is an 
equal opportunity/affirmative action 
employer. ({NW719)A 








THE ROYAL SOCIETY 
OF CHEMISTRY 


EDITORIAL STAFF 
A Chemistry Graduate is required 
for editorial work on the Society's 
publications. A good degree or 
equivalent in chemistry is essential, 
and a proven ability to write in clear 
concise English will be an asset. 
Further particulars and application 
forms may be obtained from: Mrs. 
S. Sheldon, Assistant Personnel 
Officer, The Royal Society of 
Chemistry, 30 Russell Square, 
London WC1B 5DT. Telephone: 
01-580 3482. 
Closing date -- 17 July 1981. 
(8984) A 


WESTMEAD CENTRE 


SENIOR RESEARCH 
OFFICER — 


PULMONARY PHYSIOLOGY 
(Advert No; H34) 


Salary: A$19,132 — A$21,703 


Qualification: PhD with 
experience in pulmonary physiology. 


Duties: Full time research in lung 
and chest wall mechanics, gas mixing 
and ventilation distribution, working 
with Dr L A Engel (formerly at 
McGill University). The position is 
available immediately for a 3 year 
period. Westmead Centre is a new 
925 bed teaching hospital of the 
University of Sydney with excellent 
facilities. 


Hours of duty: 0830 — 1700. 


Enquiries and official application 
forms: Dr L A Engel, Respiratory 
Medicine Unit, Westmead Centre. 
Telephone: (02) 6336797. 


Applications with full curriculum 
vitae and names and addresses of 2 
referees to be addressed to: The 
General Superintendent, The West- 
mead Centre, PO Box 264, West- 
mead, NSW 2145, Australia. 

(W37DA 
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THE UNIVERSITY 
OF LEEDS 


DEPARTMENT OF 
FORENSIC MEDICINE 


Applications are invited for a post 
of postdoctoral 


RESEARCH FELLOW 


in the Department of Forensic Med- 
icine for work on Histological local- 
isation of drugs involving the use of 
fluorescence techniques, microscop- 
ical methods and possible immuno- 
logical techniques. The appointment 
will be made for a fixed period of up 
to three years from 1981. 


Applications should have a PhD in 
Pharmacology or Biochemistry and/ 
or relevant experience. 


Salary on the IA Range for Re- 
search and Analogous Staff ($6,070 
~- £10,575) according to age, qualifi- 
cations and experience. 


Informal enquiries be made to 
Professor D J Gee, Department of 
Forensic Medicine (Telephone 0532- 
33144 Ext 5684). 


Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
90/10/D. Closing date for applica- 
tions 23 July 1981. (8963)A 





POSTDOCTORAL Research Asso- 
ciates to study the role of calmodulin 
in cell functions. Specific projects 
include (1) adenylate cyclase and 
phosphodiesterase, (2) prostaglandin 
metabolism and enzymology, (3) 
calmodulin-binding proteins, and (4) 
immunocytochemistry. Successful 
applicants may begin immediately. 
Send curriculum vitae and three 
letters of reference to Dr Wai Yiu 
Cheung, Department of Biochem- 
istry, St Jude Children’s Research 
Hospital, Memphis, Tennessee 
38101. (NW724)A 


UNIVERSITY OF KEELE 
DEPARTMENT OF GEOLOGY 
DEPARTMENTAL 
DEMONSTRATORSHIPS 


Applications invited for post of 
Demonstrator, available from 1 
October 1981. Appointment for one 
year in first instance, conditionally 
renewable up to three years. 
Successful candidates expected to 
assist with teaching of both 
elementary and advanced laboratory 
courses in various aspects of Geology 
(including Geochemistry and Geo- 
physics). Some postgraduate expe- 
rience in research or in industry 
essential and knowledge of igneous 
and/or structural geology an 
advantage. 


Initial salary £5,285 on the Other 
Relate 1B scale with membership of 
the University superannuation 
scheme. 


Further details and application 
forms from Professor G Kelling, 
Department of Geology, The 
University, Keele, Staffs. ST5 5BG 
(Tel. No. 0782-621111). Application 
forms (in duplicate) should be 
returned to the Registrar, University 
of Keele, not later than 10 July 1981. 

(8942)A 








Silicon Processing 


Development, Impl 


and Control 


ementation 





IBM United Kingdom Laboratories Limited at Hursley, near Winchester, comprises the 
company’s largest development facility outside the USA. To join the section providing pre» 
production fabrication support to the IC design groups, we seek an engineer with at least 3 years’ 
experience in silicon IC processing and device physics. 

This team, which reports directly to the Director of Advanced Technology, is responsible for 
developing and operating new process facilities in the Hursley Laboratory, and for obtaining all 
relevant information and assistance from our manufacturing plants and deveiopment laboratories 


in Europe and the USA. 


The successful applicant will be required to visit these locations,and also direct the work of 
up to three engineers and technicians.A graduate of Electronics or Physics, the ideal man 
or woman will have practical experience of computer-controlled test systems and of test data 


reduction. 


As a Company making a substantial contribution to the cou 
in the last 10 years — IBM employs 15,000 men and women at over 


adi economy ~ over £600m 


locations throughout the 


UK. Some 4,000 work at our two manufacturing plants and another 1,500 here at the Hursley 


Laboratory. 


In addition to an attractive salary,a substantial employee benefits package is offered which 
includes a non-contributory pension scheme, free life assurance and BUPA membership. 


Please 


IBM United Kingdom 


Hampshire 5021 2JN. Please quote reference: N/92282. 


e Mike Shute, Personnel Officer on Winchester 
(0962) 4433, Extension 6413 for an application form or write to him at: 
Laboratories Limited, Hursley Park, Nc Winchester, 





UNIVERSITY OF 
QUEENSLAND 
Australia 


DEPARTMENT OF MATHEMATICS 


LECTURER IN 
NUMERICAL ANALYSIS 


Applicants should possess a PhD 
degree and a strong theoretical 
background in mathematics together 
with experience in research in a major 
area of numerical analysis. /4 August 
1981. 


LECTURER IN 
BIOCHEMISTRY 


Applicants should have a PhD in 
Biochemistry and have a strong 
commitment to both teaching and 
research in Biochemistry. 3/ July 
1981. 


TEMPORARY LECTURER 
IN ZOOLOGY 
(1.1.82 — 31.12.82) 


Primary responsibility Vertebrate 
Anatomy and Introductory 
Parasitology for first year Medical 
students; fisheries biology for level 3 
Science students and some graduate 
supervision. Possible extension of 
appointment until 31.8.83. 37 August 
1981. 


Salary: $A19,821 — $A26,037 pa. 


Additional information and 
application forms are obtainable 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WC1H OPF. 

(8992)A 





UNIVERSITY OF 
PENNSYLVANIA 


PHARMACOLOGY DEPARTMENT 


The Department of Pharmacology 
has openings for up to six 


FACULTY MEMBERS 


Emphasis will be on recruitment at 
the rank of Assistant Professor, but a 
limited number of tenured positions 
are also available. Applicants must 
have an advanced degree and at least 
two years of post doctoral research 
experience. Preference will be given 
to individuals with background in 
molecular pharmacology, neuro- 
pharmacology, or analytical phar- 
macology, but applications from 
outstanding candidates in any area 
relevant to pharmacology will be 
welcome. One position may relate to 
problems in ophthalmology. These 
positions will be available over a 
period of 18 months beginning in 
October of 1981. Each appoint will 
include the use of newly renovated, 
air conditioned laboratory space and 
reasonable start-up funds. 


Applications from female and 
minority persons are especially 
encouraged. 


Inquiries, which should include 
curriculum vitae, list of publications, 
reprints or preprints of selected 
papers and at least three letters of 
reference, should be addressed to: 
Faculty Search Committee, Depart- 
ment of Pharmacology, University of 
Pennsylvania, School of Medicine, 
Philadelphia, Pa. 19104. An equal 
opportunity/affirmative action 
employer. (NWTISA 





UNIVERSITY 
OF HONG KONG 


LECTURESHIP IN 
PHYSIOLOGY 
Applieations are invited for a 
Lectureship in Physiology. The 
appointee will be required to 
participate in the teaching of 
physiciogy to dental and medical 
students. Applicants with higher 
degrees in Physiology or medical 

degrees will be given preference. 


Applicants should have some 
research and teaching experience and 
a special interest in Cardiovascular 
Physiology. 


Annual salary (superannuable) is: 
HK395,700 x 6,480 — 108,660 BAR 
115,160 x 6,420 — 160,080 (£l = 
HK$15.80 approx.). Starting salary 
will depend on qualifications and 
experience. A medicaily-qualified 
appointee who has just completed his 
pre-registration year will be 
appointed as a Lecturer at the 
minimum point of the scale, 


At current rates, salaries tax will 
not exceed 15% of gross income. 
Housing at a rental of 714% of 
salary, education allowance, leave 
and medical benefits are provided. 


Further particulars and appli- 
cation forms may be obtained from 
the Association of Commonwealth 
Universities (Appts.), 36 Gordon: 
Square, London WCIH OPF, or 
from the Appointments Unit, 
Secretary’s Office, University of 
Hong Kong, Hong Kong. 


The closing date for applications is 
31 Suey 1981. {(8969)A 



































There are currently opportunities at two 
levels, to join the London-based Division 
which provides advice to Government 
Departments on all medical aspects of 
chemical contamination of the environment. A 
data bank is maintained on all subjects 
relevant to this work. 

Up to £13,555 
Work includes the evaluation of biological data 
in order to advise on possible health hazards 
associated with the following areas:- 
Post | — Tobacco, tobacco substitutes 
and tobacco additives. 


Post ll — Food additives and contaminants. 


Candidates should normally have a first or 
second class honours degree in an appropriate 
subject plus a range of varied experience on 
work concerning chemical pollution and 
environmental protection. Experience in 
toxicological research and/or critical 
assessment of toxicological data is essential. 

Appointment as Principal Scientific Officer 
£10,705 — £13,555 with starting salary 
according to qualifications and experience. 
Ref: $(B)677/2. 

Up to £9,015 
This post is concerned with the evaluation of 





Toxicologists 


to evaluate data on Medical Aspects of Chemical Hazards 


(8978}A 











toxicological data relating to the exposure of 
man to chemicals in food. The successful 
candidate will join a multi-disciplinary team 
engaged on the preparation of monographs of 
toxicological data, background papers and 
briefing material for consideration by expert 
advisory committees in the UK and abroad. 
There will be opportunities to gain further 
practical experience in the Department’s new 
toxicological laboratory at St Bartholomew's 
Hospital. 

Candidates, normally aged under 30, should 
have a degree/HND/HNC in an appropriate 
discipline and at least 2 years post-qualification 
experience with a relevant biological/chemical 
background. 

Appointment as Higher Scientific Officer 
£7,090 -- £9,015 with starting salary according 
to qualifications and experience. Ref: 
SB/8/KE/2. 

All salaries under review. 





All successful candidates will be required to 
take the Diploma in Toxicology and will be given 
every encouragement in their stucies, including 


day release. 


In certain circumstances, assistance with 
removal expenses may be available. 


For further details and an application form (to be returned 
by 24 July 1981) write to Civil Service Commission, Alencon 
Link, Basingstoke, Hants RG21 1JB, or telephone 
Basingstoke (0256) 68551 (answering service operates outside 
office hours). Please quote appropriate reference. 


Department of Health and 
Social Security 



















NEW ZEALAND 


PETROLEUM GEOPHYSICIST 
New Zealand Geological Survey 


New Zealand is undergoing major expansion of its energy 
resource investigations including prospecting for 
hydrocarbons. The Department of Scientific and Industrial 
Research, the principal Government R & D Agency, and advisor 
to Government and industry in science and technology, has a 
vacancy in its Geological Survey for a seismic interpreter. The 
position, in the Petroleum and Basin Studies Section requires a 
person with a sound geological background primarily for 
regional analysis for the Basin Studies Programme. 
Qualifications: A good 4 year bachelor’s degree or higher, and at 
least 3 years petroleum exploration experience, are preferred. 
Salary: A salary of up to NZ$23,520 per annum is offered for this 
position, depending on qualifications and experience. 

Further information, application forms etc may be 
obtained from the Chief Migration Officer, New Zealand 
High Commission, New Zealand House, Haymarket, 
London SWTY 4TQ, quoting Imm 2/335/39. 
Applications quoting Vacancy No. 2557 accompanied by a 


résumé should reach the above address by 30 September 1981. 
(8975)A 








MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
DEPARTMENT OF BIOCHEMISTRY 
PROSPECTIVE 
POSTDOCTORAL 
TRAINEES 


graduate students and research 
fellows are encouraged to apply for 
research positions in the area of 
environmental and marine bio- 
chemistry, antifreeze porteins, 
membrane glycoproteins, inter- 
mediary metabolism, physical 
chemistry of lipids and proteins, 
experimental and community 
nutrition, microbiology, food 
sciences, food processing and food 
engineering. Grant-funded research 
in these areas is conducted in well- 
equipped laboratories by highly 
motivated research faculty. Salaries 
of postdoctoral and research fellows, 
other benefits and starting dates are 
~negotiable. Fellowships of graduate 
students may be supplemented from 
grants and teaching assistantships. 


Apply with vitae and two letters of 
recommendation to Dr S$ Mookerjea, 
Head, Department of Biochemistry, 
Memorial University of Newfound- 
land, St John’s, Newfoundland AIB 
3X7, Canada. (B941)A 


| 
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ASSISTANT RESEARCH 
SCIENTIST 
AT 


UNIVERSITY OF CALIFORNIA 
SAN DIEGO 

Research on role of central nervous 
system. Steroid hormone receptors 
in control of blood pressure. Two 
| years of postdoctoral experience in 
steroid and/or neurotransmitter re- 
‘ceptor work preferred. Salary 
$22,500 plus, depending on expe- 
rience. CV to Prof. D. D. Fanestil, 
University of California, San Diego, 
| M-023, La Jolla, CA 92093, 
An Equal Opportunity/ Affirmative 


Action Employer. (NW722)A | 











TUFTS UNIVERSITY 
SCHOOLS OF MEDICINE 
DEPARTMENT OF PHYSIOLOGY 
Tufts University has instituted a search for 
CHAIRPERSON 


Department of Physiology. The 
department of physiology is expected 
to be a center of research and 
scholarly excellence, as well as 
providing leadership in physiology 
instruction for the School of 
Medicine, School of Dentistry, 
School of Veterinary Medicine, and 
the Sackler School of Graduate 
Medical Science. 


Individuals interested in being 
considered for this position should 
direct thier letters to Dr Seymour 
Reichlin, Chairman, Physiology 
Search Committee, Box 275, New 
England Medical Center Hospital, 
171 Harrison Avenue, Boston MA 
O21111. Tufts has an affirmative 
action program, and encourages 
applications from women and 
members of minority groups. 

(NW718)A 


AGRICULTURAL 
RESEARCH COUNCIL 


INSTITUTE OF 
ANIMAL PHYSIOLOGY 


Babraham, Cambridge CB2 4AT 


POST DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post 
doctoral appointment financed for a 
period up to 3 years by the National 
Research Development Corporation 
in one of the following fields:- 
i) Chemical carcimogemesis and cell 
transformation fn vitro; 

ii) Hybridoma production. Both 
areas will involve study of animal 
and/or human cells secreting 
hormones or antibodies. 


Candidates should have a Ist or 
upper 2nd class honours degree and 
at least 2 years post-graduate 
experience in molecular biology 


and/or immunology and 
aquaintance with cell culture 
techniques. 


Salary in Higher Scientific Officer 
scale (under review) £6,075 to £7,999 
pa. Starting pay according to 
experience non contributory pension 
scheme. 


This post can be discussed in more 
detail with Dr W Mason on 
Cambridge (0223) 832312. 
Application forms from the 
Secretary of the Institute quoting 
reference NRDCI. Closing date: 
31.7.81. (8999) A 
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THE MEDICAL RESEARCH 
COUNCIL OF 
NEW ZEALAND 
VIRUS RESEARCH UNIT 
Dundedin, New Zealand 


DIRECTOR 


Applications are invited from either 
nedically or non-medically qualified 
virologists for the position of 
Director of the Council’s Virus 
Research Unit, Department of 
Microbiology, University of Otago, 
Dundedin. The Unit has an establish- 
ment of five professional and six 
technical positions. As a result of an 
increase in establishment, two junior 
professional and two technical posts 
are currently vacant. Council would 
expect the Director to initiate a 
research programme of full inter- 
national standard built around any 
medically significant viral system. 
While it is desirable for a portion of 
the research effort to be orientated 
towards clinically significant 
problems, the prime object of the unit 
is the pursuit of fundamental 
research in virology. 


Salary would be not less than that 
of Associate Professor in the 
University. A particularly well 
qualified individual could be 
appointed at the level of full 
Professor. 


Current salaries are: 
Associate Professor (Science) 
NZ$33,050 per annum. 
Associate Professor (Medical) 
NZ$40,778 — $45,987 per annum. 
Professor (Science) NZ$35,564 — 
$44,505 per annum. 
Professor (Medical) NZ$45,250 — 
$50,464 per annum. 
A 5% General Wage Order is 
expected to apply. 


Further particulars are available 
from the Registrar, University of 
Otago, Dunedin, New Zealand, or 
the Association of Commonwealth 
Universities (Appts.), 36 Gordon 
Square, London WCIH OPF. 


Applications close on 3/ July, 





1981, or as soon as possible 
thereafter. (8970)A. 
NATIONAL BLOOD 









TRANSFUSION SERVICE 
Lancaster Centre 

: Quernmore Road, Lancaster 
invites applications for the post of 
Senior Medical Laboratory 
Scientific Officer. Candidates 
should possess the Fellowship of 
the I.M.L.S. and preferably have 
the Advanced Certificate in Blood 
Group Serology or appropriate 
scientific degree with relevant 
experience. 
The successful applicant will 
assume supervisory duties in 
connection with technical work 
carried out in various departments 
at the Centre. 
Some evening work is envisaged 
and the appointee will be invited to 
participate in the emergency on call 
rota, 
Salary scale £6,129 to £8,097 per 
annum, increase pending. National 
Health Service conditions and 
superannuation scheme. 
Applications, together with the 
names and addresses of two 
referees should be addressed to the 
Consultant in Charge to reach the 
Lancaster Centre by 14th August, 
1981. (8983) A 























UNIVERSITY OF 
PENNSYLVANIA 
DEPARTMENT OF 
HUMAN GENETICS 
THREE TENURE TRACK 
POSITIONS 


to begin at the Assistant Professor 
level are available in the Department 
of Human Genetics. Candidates (MD 
or PhD) trained in modern molecular 
genetic techniques and with a record 
of research in genetics are urged to 
apply. 

One position is to be filled by an 
MD researcher who would be quali- 
fied to hold a joint clinical appoint- 
ment. Areas of interest in molecular 
approaches include: evolution, 
development, gene regulation, mol- 
ecular cytogenetics, polymorphism 
and molecular mechanism of disease. 


Send résumé to: Dr R Schmickel, 
Dept of Human Genetics, Room 195 
Med Labs Bldg/G3, University of 
Pennsylvania, Philadelphia, PA 
19104. An Equal Opportunity/ 
Affirmative Action Employer. 

(NW726)A 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF BIO-MEDICAL 
PHYSICS AND BIO-ENGINEERING 
RESEARCH ASSISTANT 


Applications are invited from 
Physicists with experience in medical 
physics required for a project funded 
by the Cancer Research Campaign to 
study the improved detection of early 
metastatic disease by combined use 
of radionuclide tomographic imaging 
and serum biochemical markers, 
working with Dr P P Dendy. 


The appointment will be tenable 
until 30 September 1982 in the first 
instance, to commence as soon as 
possible. 


Salary on Range IB Seale £5,285 —~ 
£7,700 per annum, with appropriate 
placing. 


Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (two copies) 
should be lodged by Friday 17 July 
1981. (8945)A 








UNIVERSITY 
OF NOTTINGHAM 


CANCER RESEARCH 
CAMPAIGN LABORATORIES 


POST-DOCTORAL 
CELLULAR IMMUNOLOGIST 


Applications are invited for a post- 
doctoral post supported by the 
Cancer Research Campaign to join a 
group studying cellular immune 
responses to tumours. This includes 
the analysis of natural cell mediated 
immunity and its modulation by 
interferon and related substances. 


The appointment will be initially 
for a period of twelve months. Salary 
will be in the range £6,070 to £10,575 
per annum. 


Applications in writing, enclosing 
a curriculum vitae including 2 
referees, to the Staff Appointments 
Officer, University of Nottingham, 
University Park, Nottingham NG7 
2RD, not later than 31st July 1981. 
Ref No 789. (8998)A 





Internationa! Yaar 


Open to both 
men and women N 


RESEARCH SCIENTIST 
MARINE SEISMOLOGY 


Salary: To $39,889 
Ref. No.: 81-NCRSO-EMR-10 


Energy, Mines and Resources Canada 
Geological Survey of Canada (GSC} 
Dartmouth, Nova Scotia 


(I NSE NEE UNC RENT 































The Atlantic Geoscience Centre located at the Bedford 
Institute in Dartmouth has a vacancy for am experienced 
seismologist to lead the marine seismic programs of the 
Atlantic Geoscience Centre, The successful. candidate will 
participate in and co-ordinate the GSC invelvernent in 
international, multi-institutional marine seismic reflection 
and refraction programs: will initiate, conduct and inter- 
pret the results from seismic programs of tøcal, national 
or international scope. Programs are directed towards the 
investigation of the structure and origin of continental 
margins off Eastern Canada and the Arctic. This seis- 
mologist will be required to contribute original and 
creative research work, 


Qualifications . 

Graduation with a Doctorate degree or a lesser degree 
with research experience and productivity equivalent to 
a Doctorate degree from a recognized university in one 
of the earth sciences (or a related field with considerable 
earth science experience) with previous seismological 
experience preferably in marine seismology and a demor- 
strated capacity for original geophysical research, its 
organization and coordination. 
Knowledge of the English Language is essential. 
Clearance No.: 111-077-001 
Additional job information is available by writing to the 
address below: 
Toute information relative 4 ce concours est disponible 
en francais et peut être obtenue en écrivant å l'adresse 
suivante: 


ALES E ITE T a a I ETE. 


How to apply 
Send your application form and/or résurad to: 
Joan Girling 
National Capital Region Staffing Office 
Public Service Commission of Canada 
300 Laurier Avenue West 

Ottawa, Ontario K1A OM? 

(613) 593-5331 


Closing date: duly 31, 1981 INWIT4IA 


Please quote the applicable reference number at all times A 


Canada 

















UNIVERSITY OF OXFORD 
UNIVERSITY LABORATORY OF PHYSIOLOGY 


Departmental 


Demonstratorship 


Salary: £5,285 — £8,105 (National Lectureship Scales} 


The Department of Physiology invites applications for a 
Departmental Demonstratorship. The initial appointment will 

be for three years, with the possibility of renewal for a further 
three-year period. Departmental Demonstrators take part in all 
aspects of the teaching of physiology to medical and non-madical 
undergraduates, but are expected and encouraged to conduct 
their own research. Applications are invited from able candidates 
in any area of physiology or related disciplines. 


Applications (3 copies) including the names of two academic 
referees should be sent by 30 September 1981 to: 

The Administrator, University Laboratory of Physiology, 

Parks Road, Oxford OX1 3PT. (8947)A 














Newcastle Area Health Authority (Teaching) 
Royal Victoria Infirmary 
Regional Genetics Advisory Service 


SCIENTIFIC OFFICER 
BASIC GRADE 


Graduate required immediately for work in active cytogenetics 
service laboratory involved in all aspects of diagnostic cytogenetics 
including leukocyte culture, arnniotic fluid cell culture, fetal cultures 
and bone marrow analysis. Previous experience preferable but not 


essential. For further information please contact Professor D. F. 
Roberts, telephone Newcastle (0632) 25131, Extension 658. 


Salary on Whitely Council PTA Scales: Probationary Ist or 2nd 
Class Honours Degrees: £5,346 x 5 increments to £6,363 pa. Other 
Degrees: £4,839 x 7 increments to £6,363 pa. Post-Probationary 
Scale; £5,553 x 7 increments to £7,110 pa. 


Applications giving full personal details, together with the 
names and addresses of two referees should be sent to the 
Senior Administrative Assistant (Personnel), Royal Victoria 
Infirmary, Newcastle upon Tyne NE1 4LP, quoting Ref. No. 
81/41. Closing date: 17 July 1981. (8956) A 














University of Kent at Canterbury 
Space Sciences Laboratory 
GIOTTO COMET HALLEY MISSION 

Anew team sponsored by the European Space Agency and financed by 
the SERC is being formed under the direction of Dr J. A.M. McDonnel 
to develop a Principal Investigator experiment for the interception of 
Comet Halley 1986. The team will design and co-ordinate the 
development of a sensor cometary dust impact system in co-operation 
with the Rutherford and Appleton Laboratories (RAL) and 11 co- 
investigators in Europe and the USA. Applications are invited for the 
following vacancies. 

PROJECT MANAGER to be responsible to the Principal Investigator 
for the design, development, test and integration work to be carried out 
at the University in co-operation with RAL and ESA, Holland. 
Applicants should have experience in the aerospace and electronics 
fields. Initial appointment is for 3 years with probable extension until 
1986. The salary will be between £8,515 and £12,305 within the [A/II 
range for research and analogous staff. 


ELECTRONIC DESIGN ENGINEER (Graduate Research Associ- 
ate) to design and develop high reliability, low-power circuitry. Experi- 
ence in electronic design engineering would be an advantage. Salary 
range £5,285 — £6,880 on the Grade IB scale for other related staff. 
ELECTRONICS TECHNICIAN GRADE 3 to develop and fabricate 
prototype flight circuits and to test manufactured flight systems. Salary 
range £4,672 — £5,066 on the Grade 3 scale. 

Successful applicants would be expected to travel within Europe. 
The appointments will be made as early as possible and applications 
giving details of qualifications and experience and the names of two 
referees should be submitted to the Senior Assistant Registrar, Faculty 
ot Natural Sciences, Chemical Laboratory, The University, Canterbury, 
Kent CT2 7NH, from whom further particulars may be obtained. Please 
indicate the post applied for and quote reference A18/ 81. Closing date 
31 July 1981. (8951)A 








UNIVERSITY OF 


PAPUA NEW GUINEA 
(Port Moresby) 
Applications are invited for 
the post of 
PROFESSOR OF 
CHEMISTRY 
A major responsibility of the Depart- 
ment is in undergraduate teaching. 
This includes relatively elementary 
service teaching, but also more 
advanced courses for science and 
chemistry students. Applicants 
should have a strong interest in the 
problems of teaching chemistry in 
Papua New Guinea at all levels 
covered in the University. The 
Department is committed to the 
training of National Academics and a 
significant contribution will be 
expected in this area of avanced 
training. Present research in the 
Department includes: chemical edu- 
cation; chemistry of natural pro- 
ducts; general environmental and 
analytical chemistry; heavy metal 
contamination of the environment; 
kinetics and reaction mechanisms of 
co-ordination complexes; marine 
chemistry; nutrient composition of 
the winged bean; phytochemistry of 
medicinal plants; X-ray crystallog- 
raphy. The interests of the Professor 
need not be confined to these areas, 
but should be in the general area of 
application of chemistry to Papua 
New Guinea and its environment. 
Applicants should have wide research 
capabilities and extensive research 
experience in at least one appropriate 
area. Previous experience of teaching 
and research in a developing country 
in a tropical environment will be con- 

sidered an advantage. 


Salary: K 20,995 pa. Three-year 
contract; gratuity; support for 
approved research; rent-free accom- 
modation; family passages; baggage 
allowance; leave fares after 18 
months service; education subsidies; 
salary continuation scheme to cover 
extended illness or disability. Appli- 
cants who wish to arrange second- 
ment from their home institutions 
will be welcomed, 


Detailed applications (2 copies), 
including a curriculum vitae, a recent 
small photograph, a written state- 
ment outlining their views on the role 
of chemistry in a developing tropical 
country and naming 3 referees, 
should be sent to the Assistant 
Secretary (Staffing), University of 


Papua New Guinea, Box 4820, Uni-- 


versity PO, Papua New Guinea to 
arrive no later than 3 August 1981. 
Applicants resident in UK should 
also send | copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 
(8949)A 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 


RESEARCH SCHOOL 
OF CHEMISTRY 


RESEARCH FELLOWS 


Applications are invited for appoint 
ment as postdoctoral Researct 
Fellow in the Research School o! 
Chemistry. Appointments will be for 
two years in the first instance 
Current major research interests ir 
the School are: 


Organic Chemistry (Professor A L 
J Beckwith, Professor L N Mander 
Mr R W Rickards, Dr J K Macleod 
Dr L Radom): including free radica 
reactions; mechanistics and synthetic 
organic chemistry; organic chemistry 
of biologically active compounds: 
ICR and mass spectrometry; ESR 
spectroscopy; theoretical organic 
chemistry. [nmorganic Chemistry 
(Professor B G Hyde, Professor AM 
Sargeson, Dr M A Bennett, Dr G E 
Robertson, Dr S B Wild): including 
solid state inorganic chemistry; 
synthesis, structure and reactior 
mechanisms of transition metal com- 
plexes; biomimetic chemistry: 
organo-transition metal chemistry 
X-ray crystallography; resolutior 
and reactions of chiral arsines anc 
phosphines. PAysical and Theoretica. 
Chemistry (Professor D P Craig, Dr J 
Ferguson, Dr R Bramley, Dr T R 
Welberry): including molecular and 
crystal theory; spectroscopy anc 
photochemistry; photophysics anc 
EPR; X-ray diffraction and theor- 
etical studies of disordered materials 
Analytical Chemistry: Miss B J 
Stevenson. 


Appointments will be made 
primarily within these researct 
groups, but proposals for indepen- 
dent research will also be considered 
Further particulars on the appoint. 
ments may be obtained on request. 


Salary range $A19,821 — 
$A25,871 per annum. Current 
exchange rates $A1 = 58p=$US1.11. 
Reasonable travel expenses and assis- 
tance with housing for appointees 
from outside Canberra. Superannu- 
ation benefits are available. There is 
no application form. 


Applicants should supply to the 
undersigned by 37 August 198] a cur- 
riculum vitae, list of publications 
and statement of research interests. 
together with two passport-sizec 
photographs, the names and addres. 
ses of three academic referees and the 
probable date on which the post. 
doctoral Research Fellowship, il 
awarded, could be taken up. G E 
Dicker, Registrar, PO Box 4, ACT 
2600, Australia. 


Further particulars can alsc 
be obtained from the Associatior 
of Commonwealth Universitie: 
(Appts.), 36 Gordon Square, Londor 
WC1HOPF. (8938)A 








THE UNIVERSITY OF ALBERTA 
DEPARTMENT OF IMMUNOLOGY 
has two vacancies for 
POST-DOCTORAL FELLOWS 
to work on the following research projects: a) cell-mediated and humoura 


immune responses to virus-transformed tumours, involving analysis of tumou 
rejection in vivo in a murine model; b) characteristics of cytotoxic T Cell res 


ponses to minor H antigens. 


Send resume and names of referees to Dr L M Pilarski, Department of Im 
munology, University of Alberta, 845E Medical Sciences Building, Edmonton 
Alberta, Canada T6G 2H7. The University of Alberta is an equal opportunit, 


employer. 


(NW720)A 
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UNIVERSITY OF 
SOUTHHAMPTON 
RESEARCH TECHNICIAN 
IN ORGANIC CHEMISTRY 


A technician is required by the 
Department of Chemistry for 
support in the Research 
Laboratories. The work will involve 
synthetic chemistry and supervision 
of gc, hplc and spectroscopic 
equipment, leading to a wide range of 
experience. 


Applicants should have an 
appropriate science qualification (at 
least ONC/TEC or equivalent) and 
relevant background experience. 


The appointment will be made on 
grade 4 salary scale £5,284 — £6,078 
or grade 5 £5,695 — £6,650 per 
annum, depending upon age, 
qualifications and experience. 


Applications (two copies) giving 
date of birth, details of qualifications 
and experience together with the 
names and addresses of two referees 
should be sent to Mr C N Saull, 
Staffing Dept., The University, 
Southampton SO9 5NH as soon as 
possible quoting reference no. 
462/T. (8989)A 








UNIVERSITY of Arizona, faculty 
position at any academic rank. The 
Department seeks applications from 
candidates with expertise in basic 
science and ability to apply this 
expertise to problems in food science 
and food production. Basic science 
areas such as ultrastructural analysis, 
recombinant DNA, cell culture, or 
physical chemistry are of particular 
interest, but all areas will be 
considered, The successful candidate 
will be expected to develop a 
vigorous, independent research 
program in their speciality area. 
12-month position, 90% research, 
10% instruction. Applications 
including the names of three referees 
should be sent to: Darrel E Goll, 
Nutrition and Food Science, Univer- 
sity of Arizona, Tucson, Arizona 
85721 USA. Equal Opportunity/ 
Affirmative Action Employer. 
(NW725)A 





UNIVERSITY OF 
TORONTO 
DEPARTMENT OF 
MEDICAL GENETICS 
ASSISTANT PROFESSOR 
Tenure Stream 
Applications are invited from MD’s 
or PhD’s with postdoctoral research 
training and a strong background in 
the molecular genetics of higher 
organisms or the application of 
molecular genetics to medical or 

related problems. 


Appointee would be expected to 
lead an independent research 
program in area of expertise and 
participate in the teaching of 
molecular and cell biology. Salary is 
commensurate with experience. 


Applications, giving names and 
addresses of three referees, should be 
sent to Dr Andrew Becker, 
Department of Medical Genetics, 
University of Toronto, Toronto, 
Canada MSS 1A8 before July 31, 
1981. (NW7I6)A 





QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

LIBRARIAN 


Applications are invited from 
graduates with appropriate quali- 
fications for the post of Librarian 
which becomes vacant on 1 October 
1981. A scientific background is most 
desirable as the College in its teaching 
and research spans the physical and 
biological sciences. The Librarian 
will be responsible for completing the 
on-line computerised circulation 
system and for applying other up-to- 
date information technology. 


The salary will be within the scale 
£12,305 — £15,410 pa, plus London 
allowance of £967 pa. 


Application form and further 
particulars from the College 
Secretary, (N) Queen Elizabeth 
College, Campden Hill Road, 
Kensington, London W8 7AH. Tel: 
01-937 5411 ext. 209. Closing date: 24 
July 1981. {(8950)A 





INSTITUTE OF CANCER 
Research: A post-doctoral post is 
available for a period of three years in 
the Division of Cell and Molecular 
Biology, Chester Beatty Research 
Institute, Fulham Road, SW3, 
(Head, Dr R A Weiss). The project 
involves the study of the genetics of 
neoplastic transformation using 
cellular and molecular genetic 
techniques. Experience in somatic 
cell genetics, cell biology or mole- 
cular genetics would be advantageous 
although not essential. Starting 
salary in range £6,070 to £6,880 pa 
plus London Allowance of £967 pa. 
Further information may be obtained 
from Dr C.J Marshall, Tel: 01-352 
8133, ext 262. Applications in 
duplicate with the names of two 
referees to the Secretary, Institute of 
Cancer Research, 34 Sumner Place, 
London SW7 3NU, quoting ref 
300/G/5. (8997)A. 





THE UNIVERSITY OF 
ALBERTA 
DEPARTMENT OF IMMUNOLOGY 
requires a 


PROFESSIONAL 
RESEARCH ASSISTANT 


to conduct a research project which 
involves analysis of the SV40 — 
TSTA and the immune response to 
SV40 — induced tumours. Appli- 
cants should possess a PhD with at 
least two years post-doctoral ex- 
perience with expertise in the area of 
the biochemistry of cell surface pro- 
teins with emphasis on the cross- 
linking of proteins via bifunctional 
reagents. Salary $20,000 —- $22,000 
depending on experience. 


Résumés should be sent to Dr L M 
Pilarski, Department of Immun- 
ology, University of Alberta, 845E 
Medical Sciences Building, Edmon- 
ton, Alberta, Canada T6G 2H7. The 
University of Alberta is an equal 
opportunity employer. (NW72DA 














cations. 








THE AUSTRALIAN NATIONAL UNIVERSITY 


Applications are invited from suitably qualified persons for 
appointment to the following positions: 


John Curtin School of Medical Research 
Department of Human Biology 
FELLOW 


The successful applicant will be required to take charge of the Depart- 
ments laboratory on metabolic disorders and biochemical genetics. 
Demonstrated ability to carry out original investigations and supervise 
research in these fields will be essential and experience with the study of 
inherited haematological disorders will be an advantage. 

Closing date: 31 October 1981. 


Research School of Physical Sciences 
RESEARCH FELLOW IN SOLID STATE PHYSICS 


The Department of Solid State Physics has two main fields of research 
— spectroscopy of non-metallic solids and the physics of crystalline 
and amorphous metals. It has two lasers (c.w. and pulsed) with 
associated dye lasers and is well equipped for studies in all aspects of 
solid state spectroscopy (EPR, Mossbauer, ultraviolet, visible and infra- 
red) and in cryogenics and thermal properties of condensed matter. 
There are excellent facilities for materials preparation and supporting 
mechanical and electrical workshops. 

Appointment will be from early 1982. Applications are welcome from 
those able to take leave from their own institutions. 

Closing date: 1 October 1981. 


RESEARCH FELLOW IN THEORETICAL PHYSICS 


The Department’s main current interests are in theoretical aspects of 
nuclear physics, elementary particles and field theory, statistical mech- 
anics, transport processes, solid state physics, and plasmas. it wishes 
now to make a non-tenured appointment in theoretical nuclear physics. 
Appointment will be from 1982. Applications are welcome from those 
able to take leave from their own institutions. 
Closing date: 1 October 1981. 
Term of appointment for Fellow will be for 5 years in the first instance 
with the possibility of reappointment after review to retiring age; for 
Research Fellow 3 years with the possibility of extension to 5 years, 
Salary on appointment will be in accordance with qualifications and 
experience within the ranges: Fellow $423,104 — $A30,952 pa; 
Research Fellow $A19,821 -- $A25,871 pa. Current exchange rate: 
$A1=0.58np = $US1.11. 
Reasonable travel expenses are paid and assistance with housing is 
given for an appointee from outside Canberra, Superannuation benefits 
are available for applicants eligible to contribute. The University 
reserves the right not to make an appointment or to make an appoint- 
ment by invitation at any time. 
Prospective applicants should obtain the further particulars 
from the Registrar PO Box 4, Canberra ACT 2600, Australia, or 
from the Association of Commonwealth Universities (Appts.), 
36 Gordon Square, London WC1H OPF, before alia appli- 
(8939) A 








FRENCH PHARMACEUTICAL GROUP SANOFI 


Cellular Pharmacology 
Research Opportunities 


Applications are invited from CNRS or INSERM Scientists, or 
other French or Foreign Research Organizations, State Doctor or 
PhD, for creation of a stable team of Research in CELLULAR 
PHARMACOLOGY SANOFI RESEARCH, 


This team will be settled in Toulouse and will work in close 
relations with CNRS Laboratory of Basic Pharmacology and 
Toxicology in Toulouse. 


Salary at least at the level of Chargé 5 of CNRS dependent on 
qualifications, experience and scientific quality of publications. 
Applications with curriculum vitae tec: Staff Department, 
Sanofi Recherche, 195 route d'Espagne, F 31036, Toulouse. 
iW373)A 
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Materials Science 


Technician 
£5,751 — £7,134 p.a. inc. 


An interesting opportunity at the Polytechnic’s Enfield location, 
providing a full range of sarvices for the Materials Science 
Laboratories. Responsibilities would include day-to-day 
management, preparation and presentation of materials for 
microscopic examination, and the identification, labelling and 
cataloging of new materials. 


A good HNC or equivalent qualification in physics or materials 
science is expected, although at least five years industrial 
experience in one of those fields may be acceptable. 


Write quoting ref: D315D for further details and an 
application form, posting first-class to: Personnel Office, 
Middlesex Polytechnic, 114 Chase Side, London N14 5PN. 
Closing date.13 July. (8987)A 


Middlesex Polytechnic 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICS 


RESEARCH SCIENTISTS 


A three-year postdoctoral research position is available for work on a joint 

programme with British Petroleum under the direction of Dr A Howie, FRS 

for. the application of high resolution scanning transmission electron 

microscopy to catalysis problems. Salary £6,475 — £7,290 pa. 

uer Applications from physicists, chemists and materials scientists, preferably 
having some experience of electron microscopy, should be sent by 31 July 1981 
‘tothe Secretary, Cavendish Laboratory, Madingley Road, Cambridge CB3 

. OHE, from whom further information can be obtained. (8960)A 






























UNIVERSITY OF READING 

European Science Foundation — Additional Activity in Taxonomy 
> Applications are invited for the following staff to participate in the 
establishment of aEUROPEAN TAXONOMIC SYSTEMATIC AND 
BIOSYSTEMATIC DOCUMENTATION SYSTEM project under the 
auspices of the European Science Foundation: 
1. INFORMATION SCIENTIST to play a major role in devising a 
computerised information system for plant taxonomic and related data 
on a European basis. The successful candidate will have a PhD and 
._ Substantia! experience in information science/systems design and with 
an interest in plant systematics. Starting salary up to £12,860 p.a. 
2. PLANT TAXONOMIST to work closely with the Information 
Scientist and be responsible for collecting and assessing data, both 
published and unpublished, on the taxonomy, systematics and 
biosystematics of European plants. The successful candidate will have 
a PhD and experience in plant systematics, with an interest in modern 
methods of data handling. Starting salary up to £8,515 p.a. 
Both appointments are for up to three years in the first instance and are 
superannuated under USS. They will be based in the Department of 
Botany, Plant Science Laboratories. 
Apply, quoting Ref. R.11A, for application form and further 
details to Personnel Officer, University of Reading, 
i Whiteknights, Reading RG6 2AH. Application forms to be 

B returned by 15 August 1981. (8983) A 

















ASSOCIATESHIPS 
UNIVERSITY OF ADELAIDE 


Invites applications for three 
RESEARCH ASSOCIATESHIPS 
(X3503, X3504 & X3505) 


which it proposes to award in 1981. Each award may be held in any department 
of the University. 

Applicants should have gained their postgraduate qualifications elsewhere 
than at The University of Adelaide. In those disciplines where a PhD is a 
-oii recognised indication of research ability such a degree will be required. In other 

“areas, appropriate evidence of research ability will be required. 

An Associateship will be tenable for twe years and will not be renewable; no 
age limit governing eligibility has been specified but normally a 10 year limit 
since the award of the most recent higher degree qualification will apply. 

Travel Provision: The University will provide, for a person taking up 
appointment from outside South Australia, an economy class air fare to 
Adelaide by the shortest practicable route. There is no provision for transfer of 
personal effects. 

Salary Scale: $A17,083 — 497(1) — 50001) — 499(1) 
$A19,570. There is no provision for superannuation. 

Applications in duplicate must be made on the prescribed form. Forms anda 
leaflet outlining conditions of appointment may be obtained from the 
Secretary, Research Sub-Committee, Registrar’s Office, The University of 
Adelaide. Applications must be lodged with the Registrar of the University, 


GPO Box 498, Adelaide, South Australia, $001, not later than 1 August, 1981. 
(8940)0 











493(1) — 498(1) 





continued on page XLIV 








CONFERENCES and COURSES 








CHARLES DARWIN CENTENARY 
CONFERENCE 
27 June — 2 July 1982 


Darwin College Cambridge is promoting this Conference on the 
centenary of Darwin's death to survey the present state and 
prospects of evolutionary theory. The Conference will be 
primarily scientific rather than historical, but not intended only 
for specialists. The Conference will be strictly limited in size: 














early application is advised. 
Speakers include — 


Introduction: S. Brenner 


Evolutionary History: E. Mayr, M.J.S. Hodge, D.L. Hull, 


G.E. Allen 


Molecular & Cellular Evolution: L.E. Orgel, F. Jacob, 
D. Phillips M. Eigen, W.F. Bodmer, C.R. Woese, 


P.H. Clarke, A. Wilson 


Evolution of Whole Organisms: R.C. Lewontin, E. Nevo, 
J.L. Harper, S.J. Gould, A. Hallam, G. Isaac, F.J. Ayala 
Evolution of Social Behaviour: 
J. Maynard Smith, 
R. Dawkins, 


P.P.G. Bateson, 
B.A.O. Williams 


Registration Fee £40: full board and lodging about £30 a 
day. Details and application forms from Hon. Secretary, 
Darwin Centenary Conference, 
Cambridge CB39EU, U.K. 


BIRKBECK COLLEGE 
(University of London) 


DEPARTMENT OF ZOOLOGY 
MSc IN ENTOMOLOGY 


This two-year part-time evening 
course is designed primarily for ento- 
mologists but also allows teachers 
and others to extend their training in 
a scientific discipline and to become 
conversant with the tools of the 
current research. Topics covered 
include: sensory and neuromuscular 
physiology, respiratory physiology, 
osmotic and ionic regulation, insect 
genetics, taxonomy and economic 
entomology. 


For further details contact the 
Departmental Secretary, Department 
of Zoology, Birkbeck College, Malet 
Street, London WCIE 7HX. 

(8966)C 





R.W. Burkhardt, 
Clutton-Brock, 
E.O. Wilson, 


T.H. 





Darwin College, 
(8996)C 





BIRKBECK COLLEGE 
(University of London) 


DEPARTMENT OF ZOOLOGY 


MSc IN COMPARATIVE 
PHYSIOLOGY 


A two-year part-time evening course 
suitable for zoology graduates 
wishing to specialise in the com- 
parative aspects of the adaptations of 
animals to their environment. Topics 
covered include: osmotic and ionic 
regulations; respiratory and circu- 
latory physiology; endocrinology; 
neurophysiology. Students are intro- 
duced to a wide range of modern 
physiological techniques. 


For further details contact the 
Departmental Secretary, Department 
of Zoology, Birkbeck College, Malet 
Street, London WCIE 7HX. 

(8967)C 





Kingston Polytechnic 


MSc in EARTH SCIENCE 
AND THE ENVIRONMENT 


The third intake for the two year part-time course will 


be in January 1982. 


Send for further details to the Secretary, School of 
Geology, Kingston Polytechnic, Penrhyn Road, 
Kingston upon Thames KT1 2EE. 01-549 1366. 


Applications should be submitted by 20th July 1981. 
(8981)C 
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Byrom Street, Liverpool L3 3AF. 


Closing date two weeks after the appearance of this 


advertisement. 


LIVERPOOL POLYTECHNIC 
DEPARTMENT OF BIOLOGY 


RESEARCH STUDENTSHIPS 


Applications are invited for Post Graduate Research Studentship 
to work on “Thallium Uptake by Plants”. 
Applicants should have an appropriate first degree with CNAA. 


Applications in the first instance to Dr N. W. Lepp, 
Department of Biology, Liverpool Polytechnic, 


STUDENTSHIPS 


(8957)F 





ST. GEORGE’S HOSPITAL MEDICAL SCHOOL 
(University of London) 


RESEARCH STUDENTSHIP 
Applications are invited from individuals holding, or expecting to obtain, a 
ood honours degree in Physiology or Pharmacology for a Research 
}tudentship tenable in the Department of Physiology, St. George’s Hospital 


vledical School. 


The successful applicant will work on a research project concerning the 
iffects of alcohol on the nervous system of animals. Further details are 
wailable from Dr T W Stone, Department of Physiology, St George’s Hospital 
viedical School, London SW17 ORE (Tel: 01-672 1255 ext 4657), to whom 
ipplications should be sent along with CV and names of two referees. 





CHELSEA COLLEGE 
UNIVERSITY OF LONDON 
SRC CASE STUDENTSHIP 


Applications are invited from 
randidates with a first or upper 
second class honours degree or 
squivalent qualification for a three 
rear CASE Studentship on the 
Pharmacology of Enkephalinase 
‘nhibitors. 


The research will be supervised by 
Dr S-L Hart in collaboration with Dr 
l W Smith at the Wellcome Labora- 
Ories. 


Applications, including cur- 
iculum vitae and names of two 
eferees should be sent as soon as 
sossible to the Secretary, Phar- 
nacology Department, Chelsea 
College, Manresa Road, London 
SW33TW. (8991)F 


ARC UNIT OF 
NITROGEN FIXATION 
University of Sussex 
and 
Open University 


SERC CASE 
STUDENTSHIP 


itudents with an interest in Bio- 
Drganic Coordination Chemistry 
tolding, or expecting, a first or upper 
cond class honours degree this 
iummer, are invited to apply for the 
ibove studentship. 


It concerns the application of I5N 
mr spectroscopy and other 
echniques to chemical systems 
‘elevant to biological nitrogen 
‘ixation, most experimental work to 
ye carried out at the UNF. 


The joint supervisors are Dr J 
vlason (Open University) and Dr R L 
tichards (Unit of Nitrogen Fixation, 
Jniversity of Sussex, Brighton BNI 
IRQ) to whom applications, together 
vith the names of two referees should 
ve sent as soon as possible. (8980)F 





(8972)F 


UNIVERSITY 
OF SUSSEX 


SCHOOL OF 
BIOLOGICAL SCIENCES 


Falmer, Brighton BN1 9QG 


SRC CASE AWARD 


‘Protein Metabolism in 
Animal Tissues During 
Pregnancy and Lactation’ 

A studentship is offered in collabor-. 
ation between Dr V M Pain at the 
above address and Dr R Vernonat the 
Hannah Research Institute, Ayr, 

Scotland. 


Applicants, or those seeking 
further details should contact Dr 
Pain (0273 606755 Ext $3) or Dr 
Vernon (0292 76013 Ext 227) as soon 
as possible. (8953)F 


UNIVERSITY 
OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 


(DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL STUDIES) 


SRC — CASE STUDENTSHIP 


Applications are invited from 
candidates holding a First or Upper 
Second Class Honours degree for a 
3-year SRC CASE studentship to 
work on the development of forage 
Triticale. 


The research will be supervised by 
Professor W J Whittington in colla- 
boration with Dr J T Walker of 
Germplasm Resource Management 
Limited, Loughborough. 


Applications, including 
curriculum vitae and names of two 
referees should be sent as soon as 
possible to Professor W J 
Whittington, University of 
Nottingham, School of Agriculture, 
Sutton Bonington, Loughborough 
LEI25RD. (8976)F 








UNIVERSITY OF 
BIRMINGHAM 
NEUROCOMMUNICATIONS 
MEDICAL SCHOOL 
CASE STUDENTSHIP 


Applicants with a good honours 
degree (I or H (i) in Biochemistry/ 
Pharmacology are invited to apply 
for a CASE studentship for research 
on ‘Taurine and central nervous 
system inhibitory processes’. 


f b f 
Curriculum Vitae with the names 


of two referees to Dr W E Davies, 
Nuerocommunications, Medical 
School, University of Birmingham, 
Edgbaston, Birmingham B15 2TJ. 
(8993)F 





UNIVERSITY 
OF DURHAM 


DEPARTMENT 
OF BOTANY 
Applications are invited for 


SERC CASE STUDENTSHIPS 


as follows: 

1. In collaboration with the Scottish 
Horticultural Research Institute to 
investigate the physiology of high 
pod setting new genotypes of the 
Vicia faba. (Supervisor Professor 
Boulter). 

2. In collaboration with ICI 
Pharmaceutical Division to 
characterise biochemically the 
mechanisms of peptide transport in 
Candida albicans. (Supervisor Dr J 
W Payne). 


Candidates should have or expect 
to obtain a First or Upper Second 
Class Honours degree or equivalent 
qualifications. 


Applications, naming two 
referees, should be sent to Professor 
D Boulter, Department of Botany, 
Science Laboratories, South Road, 
Durham DHI 3LE. (8995)F 


BEDFORD COLLEGE 
(University of London) 


DEPARTMENT OF 
ZOOLOGY 
Applications are invited from 
candidates holding or expecting to 
graduate with a First or Upper 
Second Class Honours degree in 
Zoology or an appropriate related 

discipline for an 


SRC CASE STUDENTSHIP 


The award is available for research 
on ‘‘Geographic variation in 
Callosobruchus maculatus”, a pest 
of leguminous seeds both on the plant 
and primarily in store, in cola- 
boration with the Tropical Products 
Institute, Slough. The project will 
involve a bionomic study of distinct 
strains of the beetle from various 
tropical origins, with a view to 
identifying differences of potential 
importance in control of the pest in 
field situations. 


Applications including a full 
curriculum vitae and the names of 
two referees should be sent as soon as 
possible to Dr P F Credland, 
Department of Zoology, Bedford 
College, Regent’s Park, London 
NWI 4NS (01-486 4400), from whom 
further information may be 
obtained. (8968)F 
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PLYMOUTH N 
POLYTECHNIC | 


FISH BIOLOGY 
RESEARCH IN 
DEVON 


1) ANERC funded PhD student- 
ship is available to suitably 
qualified candidates to work 
with Dr M. J. Manning and Or 
J. E. Harris on developmental 
aspects of immunity and toler- 
ance in fish. 


A NERC funded Research 
Assistantship with the oppor- 
tunity to register for a higher 
degree is available to work 
with Dr M. J. Manning on the 
rationale of immunising 
young fish against disease. 


Plwmouth Polytechnic offersa 
one-year MSc Degree by 
caurse-work and research in 
Applied Fish Biology with 
NERC-funded studentships 
for some selected candidates. 


Plymouth Polytechnic also 
offers PhD (3 year) or MPRI(2 
year) postgraduate research 
programmes in areas which 
include Parasitology, Im- 
munology, Microbiology, Cell 
Biology and Genetics. 


For further details please write 

to: 
Or M. J. Manning, Dr J. E 
Harris or Dr R.A. Matthews, 
Department of Biological - 
Sciences, Plymouth Poly- 
technic, Drake Circus, 
Plymouth PLA BAA. 


Details of other research oppor- 
tunities in the Department are: 
obtainable from Dr L. A. F. Heath, 
Head of Department of Biolog- 
ical Sciences. (8od4a)F 
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BIRKBECK COLLEGE 
(University of London) 
DEPARTMENT OF ZOOLOGY 
Applications are invited for a 
three year 
SRC CASE 
RESEARCH STUDENTSHIP 
to sudy neurophysiclogical and be- 
havroural aspects of food selection by 
larvae of Spodoptera species (Lepi- 
doptera) in collaboration with the 
Centre for Overseas Pest Research 

(Dr R F Chapman). 


Applicants should have, or expect 
to obtain this summer, a first or 
upper second class honours degree in 
a biological discipline. 





3} 


Applications, with curriculum 
vitae and names of two academic 
referees should be sent, as soon as 
possible, to Dr W M Blaney, Depart- 
ment of Zoology, Birkbeck College, 
Malet Street, London WC1E 7HX. 

(8965)F 





AWARDS 


THE UNIVERSITY OF WOLLONGONG 
New South Wales 


DELHI PETROLEUM 
POSTGRADUATE AWARD 
IN GEOLOGY 


Applications are invited from graduates with good 
honours degrees or equivalent in geology for a 
postgraduate award in the Department of Geology. 

The Award is for research in the area of source rock 
and maturation studies in the Cooper and Eromanga 
Basins. 

The award is available for full-time candidates 
undertaking research leading to the degree of Doctor of 
Philosophy and may be held for a maximum of 3 years 
subject to satisfactory performance, work and conduct. 
An award holder receives an annual stipend of A$7,500 pa. 

Further information is available from Professor 
A. C. Cook, Department of Geology. 

Applications, giving the names and addresses 
of two referees, should be forwarded to the 
University Secretary, The University of Wollongong, 
PO Box 1144, Wollongong, 2500, NSW, Australia, no 
later thay July 31st, 1981. (8955)N 










































FELLOWSHIPS _ 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF BOTANY 
POSTDOCTORAL RESEARCH FELLOWSHIP 
. Applications invited for postdoctoral fellowship, tenable for maximum of 
three years, to work on factors controlling sporocarp development in the 
aquatic fern Azolla and other aspects of its biology. The fellowship is 
supported by the Overseas Development Administration and the International 
Rice Research Institute (IRRI), Manila, Philippines, and the Fellow will spend 

va few months of each year at IRRI. 

» Experience of electron microscopy (SEM and TEM) an advantage. Initial 
salary £6,880 to £7,700 pa. 

Applications to Professor E G Cutter, Department of Botany, The 

University, Manchester M13 9PL, by 20th July, 1981. (8974)E 


EMBO 
European Molecular Biology Organisation 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 


SPRING 1981 AWARDS 
Next deadline: August 15, 1981 


EMBO long term post-doctoral fellowships are awarded to promote the 
development of molecular biology and allied research in Europe and 
Israel. To be eligible a candidate must hold a doctorate degree and the 
exchange must involve a laboratory in Western Europe or Israel. 
EMBO fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Long term fellowships are 
awarded initially for one year, but subject to review of progress by the 
selection committee, they are usually renewed for a second year. In 
cases of exceptional scientific merit renewal for a third year is possible. 
The fellowship comprises a return travel allowance for the fellow and 
any dependents and a stipend and dependents’ allowance. 































Since the selection procedure may include an interview, candidates are 
requested to respect the deadline for complete applications which is 
August 15, 1981. Successful candidates will be notifed of their awards 
immediately after the meeting of the selection committee which is on 
October 23, 1981. 









Application forms and further details may be obtained from Dr. J. 
Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F.R. Germany. 

: {(W370)E 



















UNIVERSITY OF DUBLIN 


Trinity College 


Department of Haematology 


POST DOCTORAL 
FELLOWSHIP 
Applications are invited for the above 
post in the Department of 
Haematology, Trinity College, 

Dublin. 

The successful candidate will work in 
the field of bone marrow culture and 
marrow transplantation, Previous 
experience in tissue culture is 
desirable, not essential. 

Applicants should submit a full 
curriculum vitae, together with the 
names of two referees, to: 


Dr. S. R. McCann, 
Central Pathology Laboratory, 
St. James's Hospital, 
Dublin 8. 

Tel: Dublin 782088. 

(8986)E 





POSTDOCTORAL FELLOWSHIPS 
available starting 1 July 1981. 
Experience in protein purification 
and/or RNA-DNA hybridization 
analysis preferred. (i) To study 
estrogen receptor mediated events re- 
lated to gene transcription and (ii) to 
study the mechanism of alterations in 
gene expression related to prostate 
neoplasia. Send curriculum vitae, 
graduate transcripts, and three letters 
of recommendation to: Roy G. 
Smith, PhD, The University of Texas 
Medical School at Houston, 6431 
Fannin, Suite 6018, Houston, Texas 
77030. An Equal Opportunity Em- 
ployer. (NW7IDE 





RESEARCH 
IMMUNOLOGIST 


BRITISH HEART 
FOUNDATION SENIOR 
FELLOWSHIP 


Applications are invited for the post 
of Immunologist attached to the Pap- 
worth Heart Transplant Research 
Unit which is funded by the British 
Heart Foundation. The principal 
research activities will be directed 
towards studying the effects of pres- 
ently used anti-thymocyte globulins 
and other immunosuppressive 
agents, and on the potential use of 
monoclonal equivalents. 


The Fellow will have access to 
clinical material at Papworth Hos- 
pital but will be based in the Immuno- 
logy Division of the Department of 
Pathology at Adenbrooke’s Hos- 
pital, Cambridge. The appointment 
will be for 3 years in the first place. 
Salary will be according to age and 
experience on the University Lecturer 
Scale, or for medically qualified can- 
didates the salary will be equivalent to 
that of a Clinical Lecturer. 


Applications with curriculum vitae 
and the names and addresses of two 
referees should be sent to Mr P 
Wilburn, Superintendent, Depart- 
ment of Pathology, Tennis Court Rd, 
Cambridge CB2 IQP. {8959E 
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UNIVERSITY OF WARWICK 
POSTDOCTORAL 
FELLOWSHIP IN MASS 
SPECTROMETRY 


To work in the Department of 
Chemistry and Molecular Sciences 
with Professor K R Jennings on the 
mass spectrometry of explosives and 
related compounds. The project 
involves the study of the negative 
chemical ionisation spectra of nitro- 
compounds under a variety of 
experimental conditions. The 
appointment will be for one year in 
the first instance, Salary up to £7,700 
in the Research Range IA scale: 
£6,070 — £10,575 pa, depending on 
age and experience. Informal 
enquiries to Professor Jennings (Tel: 
0203-24011 ext. 2232). 


Applications should include a full 
curriculum vitae and the names of 
twọ referees to be sent to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL as 
soon as possible. Please quote Ref. 
No: 46/A/81/0, (8985)E 








POSTDOCTORAL Fellowship: To 
study hormonal regulation of 
vitamin D metabolism in mammals. 
Theoretical and/or practical 
experience required. Contact: Dr 
E M Spencer, Children’s Hospital of 
San Francisco, 3700 California 
Street, San Francisco, Calif. 94118. 
Equal Opportunity Employer, 
M/F/H, (NW723)E 


ASSOCIATESHIPS 


continued from page XL 








UNIVERSITY OF EDINBURGH 
Department of Physics 


RESEARCH 
ASSOCIATESHIP IN 
EXPERIMENTAL HIGH- 
ENERGY PHYSICS 


Applications ate invited for a 
Research Associateship {funded 
by SERC) within the high-energy 
physics group, which is engaged 
in hadron experiments at the 
CERN accelerators. Applicants 
should normally have three years’ 
postgraduate research experi- 
ence, The appointment will be 
made at an appropriate point on 
the 1A scale for research staff 
(currently starting point in the 
range £6,070 — £6,880 per 
annum). 

Applications, with the names and 
addresses of two referees, should 
be sent, as soon as possible, to Dr 
D. J. Candlin, Department of 
Physics, James Clerk Maxwell 
Building, The King’s Buildings, 
Mayfield Rd, Edinburgh EH9 3JZ, 
from whom further details may be 
obtained. Please quote reference 
No. 5028. (8954)0 
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The New England Journal of Medicine presents to its readers original 
articles of clinical-scientific material and interpretive reviews in the major 
disciplines of medicine. In this highly competitive field less than 10°% of 
the manuscripts submitted are accepted for publication because of the 
rigid editorial policy that articles must reveal something new or be an 
extension of existing knowledge. 





Every week, more than 200,000 subscribers keep up to date with the 
world of medicine through The New England Journal of Medicine. To join 
them, just fill in and mail the coupon today. Circle No. 36 on Reader Enquiry Card, 


Mail this c ini 72 C mwealth Ave., 
anacheckio > WMG New England Journal of Medicine asco SS 
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Canada 
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PM-10AD 


For photomicragraphy or cinemicro- 
graphy, it pays to match Olympus 
microscopes with something equally 
outstanding: The Model PM-10AD. 
The PM-10AD faithfully records the 
high image resolution, definition and 
clarity of Olympus microscopes. Anc 
it does so with the convenience of 
fully automatic exposure. 

The time and effort you save are re- 
markable. Thanks to a built-in micro- 
computer anda Silicon Blue Cell GBC 
that relays information to it quickly anc 
accurately, you need no longer worry 
about complicated adjustments. 

The automatic exposure range is ex: 
tremely wide, from 1/5000 of a seconc 
to 2 hours. The microcomputer auto 
matically corrects the reciprocity 
failure characteristics of the film you 
are using and operates continuously 
to yield perfect exposures. 

The PM-10AD allows automatic and 
manual operation. In either mode, it 
can be used not only for conventiona 
purposes but also for multiple 
exposures of double-stained fluores- 
cence specimens and panorama 
photography, in which case uniform 
density is assured. 

Other features: 

*Clear digital displays include estimated 
and actual exposure times, time remaining 
to complete exposure and recall of the 
previous exposure time. 

eUnique vibration-free electromagnetic 
shutter. The contact-free design provides 
å shutter life of at least 100,000 operation: 
with absolutely no adverse effects on 
image quality. 

*Optional PM-CTR color temperature 
meter module for simple checking and 
adjustment of color temperature. 


_ The PM-10AD is a triumph of inspirea 


simplicity—a simplicity that means 
optimum results. 


OLYMPUS 


OLYMPUS OPTICAL COLTO. 
San-Ei Buriding, 22-2. Mishi Stunjuku tchome. Shinjuku-ku, Tokyo, 
OLYMPUS OPTICAL CO (EUROPA) 
Postfach 10408. Wendensirasse 1416. 7 


OLYMPUS CORPORATIO! 


á Mevada Drive New Hyde Park, NY THD: 
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FOXY matches fractions 
to your chromatogram. 








Not to 
the clock. 


__ FOXY, the Fraction-Optimizing X-Y 
raction collector. 

processor-controlled collection. 

ave you time and expand 


tube or. 28 mm Satoh vials: 
For larger volumes, you can 
collect directly into 500 m- 
bottles or use a preparativ 
adapter to obtain up to. 
fractions of unlimited size 
-There's big capacity—up t 
288 tubes—occupying mini- 
mal bench space: the key- 
` board is only 21 cm wide, FOXY oe 
«collects from two columns at once and stops See ae a 
flow between tubes and at the end of the run. —_ collection begins. — 
You can isolate peaks identified by elution times ; FOXY’s splashproof, sloped keyboard is easy 
or detected by an ISCO UV monitor. Join peak- _ to'see and use. Flashing cues prompt step-by- 7 
detector and time window programming to capture step programming. A code directs you to a correc- 
pry aperine peaks emerging at preselected times. tion table to quickly put errant programming. back 
Mix racks and volumes in a single on track. FOXY’s display offers continuous pro- 
m Tun, based on peaks or time. Col- gram information, including | rrent tube 
lect only desired peaks _ number and time or drop count. __ 
' inone rack; put baseline It costs only $2295 to add FOXY to 
effluent in another rack; -your staff. Call toll-free to learn more 
. in asingle container, about ISCO’s smart generation trac- 
or divert it to waste. tion collector:[800] 228-4250 (conti- 
And FOXY can reject nental USA except NE). ISCO, Box 
void volume before 5347, Lincoln, Nebraska 68505. 
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How Britain 
runs [ts science... 








This highly successful wallchart, which first = mam e n a e a a E | 
appeared in 1975, has now been completely rr Please send me the new Nature aioe 
revised and updated. Clenclose a cheque for £3.50 (s7.95 us} 
The 2 x 3ft. guide offers a comprehensive O Please bill my credit card account: 

survey of the administration of British science, Account No. 

showing the interlocking relationship between OVisa g Mastercharge C Access 
science, engineering and medical establishments. D American Express 

It provides a full account of the funding of science l 

in Britain, giving details of money spent by Expiry Date n 

government, research councils, industry and pume aca ae a etme A 
universities. Address: eo ee 


Designed as a fold-out sheet, itcan be carried | 
easily to Meetings or hung as a wall poster for 








pa reference. The new 1981 edition is State/Country 
available at £3.50 or $7.95 by sending your cheque Zip code i eet eg 
to either Nature’s London or New York offices. Se a a aa oa oa a nn oe 


In the UK and elsewhere: Nature, 


4 Little Essex Street, London WC2R 3LF, England. 
In the US and Canada: Nature, Suite 1503, 
15 East 26th Street, New York, NY 10010, USA. 





























igGsorb is the IgG adsorb- 
ing agent that won't keep you wait- 
ing. It removes antibody and antibody- 
complexed antigen from solution in a mere 15 
minutes! 
Highly specific for binding the FC portion of IgG 
antibodies, IgGsorb is a lyophilized preparation of Protein 
A fixed to the cell walls of inactivated Staphylococcus 
aureus. 
IgGsorb has more than speed too. It has long storage life. 
its homogeneity can be assured. And it serves a variety of appli- 
cations, in some cases replacing charcoal, double an tibody, and 
other cumbersome methods of separation. 
Plus, there's news. IgGsorb now comes in liquid form as well 
as dry! 
SPECIAL OFFER! Try it yourself and see how fast lgGsorb 
really is. Order a 10ml vial for just $19.00. Or a 100ml one for 
$80.00. Because two hour waits you 


really don't need! IgG S orb 
Po d 


OA THE ENZYME CENTER, INC. 33 Harrison Avenue, Boston, MA 02111, Phone: (617) 482-7123 
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The most respected journal for those professionally involved in the 
pharmacological sciences. 






Pharmacologists, like other scientists, have to Chemotherapy, systemic pharmacology, drug 
cope with ever-increasing amounts of mechanics, pharmacokinetics, 
information. A publication which only includes psychopharmacology, autopharmacology are all 
papers of the highest standard and relevant to given extensive coverage. British Journal of 
current pharmacological research is obviously Pharmacology is thus a vital source of information 
required. The British Journal of Pharmacology is for physiologists, clinicians, immunologists, 
just such a journal. molecular biologists and biochemists as well as 
Original papers, submitted from all parts of the — Pharmacologists. 
world, examine every aspect of drug action. Keep up-to-date, subscribe now! 




















ANNUAL SUBSCRIPTION 
UK £97.50 
USA/Canada US$245 
Rest of the world £115 







Orders should be accompanied by remittance, cheques made payable to Macmillan Journals Limited: Subscription 
Department, Brunel Road, Basingstoke, Hampshire, RG2! 2XS, England. 


Sample copies may also be obtained from the same address. 
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Carbohydrates [>H] 
in sterile aqueous solution 
New convenience -no inhibiting ethanol to remove 


Widest range of products 


Glycoprotein Biosynthesis 
Introducing at highest specific activity 


Fucose,L-(6-°H]-70-90Ci/mmol NET-349X* 

` Galactose,D-[4,5-°H(N)]- 40-60Ci/mmol NET-698* 
Acetyl-D-mannosamine.N- 
[mannosamine-6-3H(N)}- >10Ci/mmol NET-535A* 
Fucose,L-(5,6-"H(N) |- NET-516A 
Fucose,L-[6-°H ]- NET-349A 
Galactose,D-[1-°H(N) | NET-126A 
Bee tet H(N)]- 30-60Ci/mmol NET-557A* 
Glucosamine,D-[6-°H(N) |- NET-190A 
Glucose,D-[2-°H(N)]- NET-238A 
Glucose,D-[3-*H |- NET-331A 
-Glucose,D- AEN NET-100A 
Mannose, D-[2-H(N}]- NET-570A 
: Neurofunctional Mapping 

> Exclusive 
Deoxy-2-fluoro-D-glucose,2-[5,6-°H ]- 

.28-50Ci/mmol NET-702* 
Deoxy-D-glucose,2-(3H(G) |- NET-328A 
Deoxy-D-glucose,2-| 1,2-°H]- 30-60Ci/mmo! NET-549A" 


Products designated ‘A’ are also still available in 
ethanol solution. 

*Highest specific activity available 

Circle No.01 on Reader Enquiry Card. 


: ‘Now | 

dCTP [2-P] 
>7000Ci/mmol 
Highest specific activity available 


Highest radioactive labeling of DNA by nick 
“transiation:~2.5x10°dpm/ug DNA 


Fresh lots available every other week 


» Deoxycytidine 5'-triphosphate, 
‘tetra (triethylammonium) salt,| «-**P ]- 


>7000Ci/mmol 
10MM tricine (pH 7.6) at ~10mCi/mi, shipped in dry ice 
NEG-013Z 500nCi ImCi 
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mee New Carbohydrates [°H] 
P that come clean. g 
93 Vial to media in one step. 









= A A 

Latest Neuropeptides [ '**I] 
Adrenocorticotropic hormone, [51]: human ACTH) 
>30uCi/ ug eee 
Lyophilized from phosphate buffer (pH 3.5) containing 
a stabilizer and proteolytic enzyme inhibitor. ony 
NEX-165 104Ci 2x10uCi 50uCi 2xB0uCi” 
Substance P (8-L-tyrosine), |‘! |- 
>500uCi/ ug 

Lyophilized from sodium carbonate (pH 9.9).containing 
bovine serum albumin 


NEX-152 104Ci 2x10uCi SOuCi 2x50uCi 

Bradykinin (8-tyrosine)-triacetate,[8-/y/osy/- bid ae 
>500uCi/ug 

Lyophilized from 0.075M ammonium acetate buffer 
(pH 5.0) 

NEX-097 10uCi 2x10uCi 50uCi 2x504Ci 
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Avidin-EGF-Gelatin 


High biotin binding affinity 

Avidin,| 5! ]- 

30-60uCi/ ug 

Shipped frozen in 0.05M sodium phosphate buffer 
(pH 7.4) 
NEX-164 10uCi 2xt0uCi 50uCi 2xS0pCr 


Tested for binding and displacement in RIA 
Epidermal growth factor, |! |- 

150-200uCi/ug 

Lyophilized from sodium phosphate Duffer (pH 7.4) 
NEX-150 10uCi 2x10uCi SO0uCi 2x50uCi 


High fibronectin binding affinity 

Gelatin,| °" ]- (porcine) 

5-10uCi/ ug 

Lyophilized from sodium phosphate Duffer (pH 7:4) 
NEX-156 100uCi 500uCi 
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Not for use in humans or chrical diagnosis 


ey New England Nuclear 


549 Albany Street. Boston, Mass. 02118 
Cali toll-free: 800-225-1572 Telex: 94-0996 
Un Massachusetts and international. 617-482-9595) 


NEN Chemicals GmbH: 0-6072 Dreieich. W, Germany 
Postfach 401240, Tel (06103) 85034, Telex 4-77993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H&T 3C9 
Tel. 514-636-4971, Telex 05-821808 
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RPC-5 ANALOG 








for Nucleic Acid Chromatography 


After extensive research, development, and testing, BRL is now 
introducing RPC-5 “ANALOG, a chromatography matrix with 
performance properties quite similar to the well-characterized 
RPC-5,.' RPC-5 ANALOG chromatography is a useful tool tor 
analytical and preparative fractionation of: 


Bacterial plasmids and supercoiled viral DNA 

@ Cloned DNA fragments 

© DNA restriction fragments 

© Oligomers of ss-DNA and RNA (synthetic and natural 
@ Complementary strands of restriction fragments 

@ Recovery of DNA from agarose gels 


1Wolis, R. D., Hardies, $. C. Hom, G, T, Kiein, B. Larson, J. E, Neuendorf, $. K., Panayotatos, N. 
Patient, R. K. and Seising, E. (1980) Methods in Enzymol, 65, 372-347. 


The performance characteristics of RPC-5 ANALOG make it 
the resin of choice for molecular biologists interested in 
nucleic acid chromatography because it provides: 


© High resolution 

@ High capacity 

© Quantitative recoveries (milligram quantities) 
è Rapid separations 

@ Reduced costs 

@ Ease of use 


for DNA Plasmid Purification 


RPC-5 ANALOG column chromatography is especially useful in the purification of plasmids from cellular lysates as illustrated in 
Figure 4. The resolution of the plasmid is so complete that BRL has been able to develop a rapid batch method that still yields 
plasmids of 99% purity (Table |). 
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Figure 4. RPC-5 ANALOG chromatography of a total nucleic acid extract of a 
bacterial lysate from E coll (HB104) harboring an amplified plasmid 
(PBR322). The nucieic acids were added to the column in 0.2 M NaCl, 
40 MM Tris-HCI (pH 7.2) and 10 mM EDTA and eluted with an increasing 
linear salt gradient (0.4 - 0.8 M NaCl). 


Product BRL # Size Qty. Price 

RPC-5 ANALOG 15014A Sgrams each $ 25.00 
50 grams each 200.00 
500 grams each 4,875.00 


4504AB 
4501AC 








TABLE | 
Comparison of Plasmid DNA Purification Methods 


CsCi - EtBr RPC-S ANALOG RPC-5 ANALOG 
Gradients Column “Batch Method” 
——~ssaeemeenetnemetitaniemanreniietthmttaidansniannenntin 


4mg/43 mi 
gradient 


Recovery ~ > 98% 
Purity H% 99% 
4 to $ days 


BRL 


Bethesda Research Laboratories, Inc. 
P.O. Box 577, Gaithersburg, MD 20760 
In Maryland (301) 840-8000 
Telex 908750 BRL GARG 


To Order 
Contact Customer Service Department 
800-638-8992 


BRL GmbH 
Offenbacher Strasse 113 
6078 Neu Isenburg « West Germany 
Telephone 06102-3206 
Telex 417699 BRL NID 


Capacity 1 mg/4.7 gm resin 1 mg/5 gm resin 


Purification time 30 hours 


if you have technical questions regarding RPC-5 ANALOG, call the Technical Services Department and ask for Dr, Tony 


Thompson at (800) 638-4045, extension 40. 


For more information about BRL® RPC-5 ANALOG, circle No, 05 on the Reader Inquiry Card, 
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Congress stirs non-proliferation row 
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NEWS AND VIEWS 


Cycling index for ecosystems (R M May) 

Plasma lipoproteins and cellular 
metabolism (J S Owen) 

MST radars: advanced tools for gravity 
wave studies (Jürgen Klostermeyer) 

X-ray laser obtained by pumping with a 
nuclear bomb? (Peter Knight) 

More surprises from mitochondria 
(Thomas D Fox) 

Golden age of astronomy (B Zuckerman) 

From embryo to teratocarcinoma in tissue 
culture (Brigid Hogan) 

The ultimate computer (Pau! Davies) 


BOOK REVIEWS 


The Large-Scale Structure of the Universe 
(by P J E Peebles) J N Fry, C Hogan & 
D N Schramm; Genetics and Probability 
in Animal Breeding Experiments (by 
E L Green) T Searle; Photoacoustics and 
Photoacoustic Spectroscopy (by 

“A Rosenewaig) M J Adams; Premiers 
Outils Taillés D’ Afrique (by H Roche) 
J A J Gowlett; An Education in 
Psychology (M M Sokal, ed.) 
O L Zangwill; Physics of Magmatic 
Processes (R B Hargraves, ed.) 
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Key hominid fossil crania in the ‘gracile’ line, from 
nearly 3,000 million years ago to the Present. A review 
on page 113 favours hominid evolution via gradual 
change rather than ‘punctuated equilibrium’ 











Tempo and mode in hominid evolution 
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British universities on the brink 


The threat of execution is said to help to clarify the mind. The 
British university system, ‘which has woken up to the threat of 
trouble ahead only within the past year, will not even profit by 
knowing where it stands from the announcement last week of the 
allocations of funds to individual universities for the three years 
ahead (see page 99). The dilemma is constitutionally appropriate. 
The University Grants Committee has dealt with the universities 
as it should — self-governing institutions as they like to think they 
are, they have been told to manage their own affairs as best they 
can within the funds made available for the next few years. But 
some options the universities are individually and collectively 
denied. Because the grants committee has coupled its financial 
allocations with specific instructions about the numbers of 
domestic and European Community students individual 
universities may in future accommodate, it will not be possible for 
them to work their way out of trouble by being more productive. 
(If ever the universities have time, the legality of this requirement 
might usefully be tested in the courts.) And because the 
universities that have come well out of the past week’s lottery are 
unlikely, self-governing as they are, to throw in their lot with the 
less fortunate, it is probable that half a dozen of the places most 
seriously affected will have to sink or swim on their own, Some of 
them, faced with budget cuts of 25 per cent or so (Aston in 
Birmingham and Salford for example) will be lucky if they do not 
sink, and will even now be asking whether that is the surreptitious 
intention of either the government or the grants committee. 

For. while the committee’s announcement last week will 
certainly leave its mark on the British university system, there are 
still too: many loose ends for comfort. What will in the end most 
affect the universities whose budgets are most drastically to be cut 
will be the lack: of any formal mechanism for paying off 
redundant members of university staffs. Although it is agreed that 
the universities on which the cuts fall hardest will be able to adjust 
only be getting rid of tenured academics, no funds are available 
for providing them with compensation. And although Dr Edward 
Parkes, the chairman of the University Grants Committee, told a 
House of Commons select committee last year that some £200 
million would be needed to bring about the impending 
adjustment, merely £20 million has been set aside for such 
purposes (out of the universities’ collective subvention). But 
should not academics suffer the indignities and impoverishments 
that seem certain to afflict some three million other unemployed 
people in the United Kingdom before the year is out? This is what 
the enemies of the universities are asking. Some such calculation 
may account for the spleen with which the government has 
pursued the universities since its election more than two years ago. 
The trouble is that tenured academics most probably have rights 
at common law against universities that dismiss them, and that the 
amounts involved will far exceed the sum that Dr Parkes has put 
aside. In the end, either the universities concerned will have to 
exercise the right of self-governing institutions to go bankrupt or 
they will have to be rescued with more public money than the 
government will save with the cuts now decreed. 

Another conspicuous loose end is that the grants committee has 
delivered its advice (‘‘instructions’’ is more appropriate) without 
saying how its decisions have been reached. Are the lucky 
universities those with the lowest unit costs, the best track records 
in research grant applications, the lowest staff—student ratios, the 
best records in the recruitment of students, or what? There are 
reasons why too detailed a disclosure of the criteria that have been 
used would be damaging to individual universities. As things are, 
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however, the committee should forgive those now unwillingly 
dependent on its allocations of funds for suspecting that often 
mere gossip or even prejudice has determined its decisions. This 
charge, no doubt a slur, is nevertheless inescapable. If it had been 
prudent, or even merely politically expedient, the committee 
would several months ago have invited universities toagree on the 
criteria by which its decisions should be made. Even if the 
universities had failed to agree among themselves, the result 
would have been a licence to do what has pow been done, As 
things are, without having consulted in advance, Dr Parkes has. 
put his committee in the unenviable position of being re; pos 
the universities — his strongest supporters —- as a dispensal E 
bulwark between themselves and the public purse. i 

Four other questions remain unanswered. First, isit right that 
decisions of such gravity for the universities should bemadein the 
absence of a mechanism for settling policy on higher education as 
a whole (polytechnics included)? Second, should British 
taxpayers be expected to put up with apparently arbitrary limits 
on the provision of university education, regardless of the ability 
and the willingness of qualified institutions to provide it? Third, 
what will be the consequences of last weeks decisions for the 
pattern and even the quality of research? Finally, is it now to be 
supposed that higher education has become, as educationists have 
become too fond of saying, ‘‘irrelevant’’? These questions will be 
much discussed in the months ahead. 


Promising Americans 


The United States Administration will net lightly be forgiven 
for the hash it has made of plans for international collaboration in 
this year’s budget. President Ronald Reagan's budget director, 
Mr David Stockman, seems just the kind of man to implement a 
promise ‘‘to get the government off the people’s backs’’. It is also. 
a technical triumph that he and his colleagues were able to 
produce a coherent replacement for President Carter’s budget 
during their few weeks in limbo, between the election last 
November and Inauguration Day. But in the process the budget 
team was plainly unreasonably dismissive of the consequences 
overseas of its proposals. And while Congress is doing what it can 
to repair some of the damage, at this stage it cannot put everything 
to rights. Certainly Congress will not be able to exorcise the 
impression that overseas obligations take second place, in the 
evolution of United States strategy, to domestic exigencies. 

The trouble is well illustrated by two very different examples 
from the budget for the next financial year (which begins on 
1 October). First, and simplest, is the case of the overseas budget 
of the National Science Foundation, used largely for supportinga 
surprisingly modest programme of direct collaboration overseas. 
(That large funds are still to be spent by other agencies, the State 
Department for example, is beside the point.} Like the 
foundation’s educational budget, the overseas programme was 
drastically curtailed in Mr Stockman’s budget. Nobody seems to 
have appreciated that the National Academy of Sciences was 
counting on this part of the foundation’s budget for its 
contribution to the International Institute of Applied Systems 
Analysis, of which it is (with the Soviet Union) the principal 
member, and from which it is required by its obligations to give a 
year’s notice of resignation. It now seems likely that the House of 
Representatives has found a way of letting the foundation dispose 
more flexibly of its budget, so that the academy will not have to 
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take a begging-bowl around to pay its dues on 1 January, but the 
future of its contributions remains in doubt. Mr Stockman may 
have concluded that the United States derives little benefit from 
the work of the international institute (which is probably true) 
and that even the institute’s disappearance would be welcome 
(which may also be true). But international obligations cannot be 
overturned as easily as that. If they were formal treaties, duly 
ratified by the Senate, no budget director would think of striking 
out the associated costs. Do agreements on scientific 
coliaboration deserve less careful consideration? 

The trouble about the United States commitment to the Inter- 
national Solar Polar Mission is a different case. This potentially 
valuable scientific exploration of the Sun away from its equatorial 
plane has been planned for the past several years between the 
European Space Agency and the National Aeronautics and Space 
Administration, each of which was to have launched a satellite. 
There were howls of protest from Paris when Mr Stockman’s 
budget omitted this item (see Nature 5 March, p.1) and science 
administrators in Western Europe have since fallen into the habit 
of complaining to their opposite numbers from the United States 
whenever they encounter them. Indeed, the Europeans are in 
danger of making too great a fuss; what is at stake is a single if 
expensive project, not an understanding affecting the survival of 
an institution, and in any case a single satellite in a polar orbit 
about the Sun at the next solar maximum will be a lot better than 
none. Even here, Congress is doing what it can to help (see page 
102). It remains to be seen how the issue will be decided — but 
surely there are no grounds for flirting with the resuscitation of 
the Halley mission (in which every agency in the world capable of 
launching spacecraft will be participating) while a smaller sum of 
money would help to fulfil an international promise. 


From the frying pan ... 


The battle for the control of the British telecommunications 
network is almost over; there is a decent chance that the bill with 
which Parliament has been struggling for the best part of a year 
will become law in the next few weeks. But the war is only now 
beginning. In the past few weeks, several groups of private 
interests have been cheekily staking claims to set up in com- 
petition with the telecommunications monopoly. Cruelly as it 
must seem to the public monopoly (trendily known as British 
Telecom), other British public monopolies and nationalized 
industries are prominent among the would-be vultures. Thus 
British Rail (a wholly owned nationalized industry) and British 
Aerospace (wholly owned until nearly half its shares were sold off 
earlier this year) are talking of using the railway network as the 
basis for a competing trunk telecommunications network. Even 
more cheekily, Cable and Wireless, the state-owned company 
originally set up to operate telephone networks overseas, is 
talking of entering the domestic market even though it has not yet 
been sold off to the public (as the government intends). Yet 
British Telecom is plainly not intending to put up with whatever 
indignities the months ahead may bring. Some weeks ago, it put 
out a sombre warning of the dangers of connecting to the existing 
telephone network terminal equipment supplied by others than 
itself. Last week, it published a much more intelligent document 
— a reply to the study commissioned by the Department of 
Industry from Professor Michael Beesley, which concluded that 
no great harm would be done, but rather good, if private interests 
were allowed to rent circuits from British Telecom and to use these 
for providing services that could then be resold to others (see 
Nature 23 April, p.619). The argument will now begin. 

The resolution of these and related issues is crucially important 
for the future use in Britain of a technology as full of promise as 
politicians have been saying this past long year. And what 
happens in Britain may even be instructive elsewhere; experience 
in the United States of the erosion of the Bell System’s monopoly 
is not everywhere valid and is in any case confusing, while 
governments elsewhere in Western Europe are in much the same 
state of indecision as afflicts the British government. But the 
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British experience is likely to be less helpful than it might have 
been. The most reprehensible feature of the Telecommunications 
Bill is that nobody will be allowed to chip away at the British 
Telecom monopoly without the consent of the Department of 
Industry. In practice, it will be for civil servants and British 
Telecom between them to decide what shall be allowed and what 
prohibitied. Thus although the present government has promised 
that within three years others than British Telecom will be entitled 
to sell terminal equipment to telephone users (and the illicit trade 
is already gathering strength), a change of government could 
change all that. And the latest document from British Telecom, 
intelligent though it is, demonstrates again what has been clear all 
along — that there is an urgent need for an explicit set of rules and 
some independent tribunal for administering them. 

What Beesley said was simple. British Telecom would not come 
to a sticky end if it were required to follow the practice forced on 
the Bell System in the United States, and to lease trunk circuits 
from its own network to private operators who might then resell 
telephone services. Everybody’s model is the American company 
MCI Communications Inc., whose customers are able to make 
trunk telephone calls between many (but not all) cities in the 
United States for roughly half the cost charged by Bell. Beesley 
acknowledged that such arrangements would rob British Telecom 
of revenue but not necessarily of profit, and argued that the 
business is not, in any case, a zero-sum game — symbiosis 
between the rump of the monopoly and private operators is just as 
likely as out and out parasitism of British Telecom. British 
Telecom protested at the time that Beesley’s recommendations 
would “‘skim the cream” from its own business, and repeats that 
argument in last week’s document — but in an especially revealing 
way. It repeats its fear about the cream, asserts that leasing its 
network to others would not improve the technical quality of 
services provided to customers (which is untrue) and goes on to 
say that such arrangements would compel it to “rebalance its 
tariffs in order to make individual sectors pay for themselves”. 
The simple answer to the last complaint is ‘“Whyever not?” But 
British Telecom is counting on the unwillingness of British 
politicians to fall in with “rebalancing” if the result means higher 
charges for any important sector of the British electorate. 

The government has only itself to blame for the embarrassment 
it will now be caused. British Telecom, in its reply to Beesley, is 
disarmingly open about its present practice. It charges extra for 
use of the trunk network so as to subsidize local telephone calls 
and rural telephones. It urges the ‘‘material benefits” of 
providing a uniform service at uniform prices, and says that one 
of the consequences of liberalization would be increased rentals 
for telephone lines, ‘‘hitting hardest at the less well-off customers 
who make the fewest calls”. Just in case the government fails to 
get the point, British Telecom guesses that the cost of a telephone 
call from a public coinbox would increase fourfold. Politically, 
the argument is telling. It is, however, false. The annual accounts 
of British Telecom are at present most obviously distorted by the 
government’s requirement that the monopoly should finance the 
development of its network mostly out of current revenues. If the 
government decided otherwise (as it should) all tariffs could be 
reduced, But there is in any case no justification for the present 
distortion of telecommunications tariffs by British Telecom’s 
self-assumed social obligations. Why should the interests of the 
telephone users ‘‘who make the fewest calls” increase the tele- 
communications costs of more serious users, mostly from 
business and industry? British Telecom should instead be 
required to follow economic pricing policies — charges for 
different services related to their marginal costs — and 
Parliament then invited to pay for socially valuable but otherwise 
uneconomic services (as is already done with railway services). 
The difficulty is that none of this can be accomplished without an 
independent and public examination of what the costs should be. 
The government itself is not sufficiently expert and is politically 
too suggestible. Thus the ironical outcome of the first serious 
attempt to liberalize the British telecommunications monopoly is 
likely to be to put the clock back ten years, and to throw the 
management of these vital services back into the political arena. 
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Congress stirs non- 


Testimony 
on Iraq raid 
backfires 


A serious row affecting the future of the 
Non-Proliferation Treaty has broken out 
between the United States government and 
the International Atomic Energy Agency in 
Vienna. At issue is the appearance before 
two congressional committees in the past 
two weeks of a defector from the agency’s 
safeguards inspectorate, Dr Roger Richter 
(33). At a meeting of the board of the 
agency in Vienna this week, Dr Sigvard 
Eklund, director-general of the agency, 
said that Dr Richter’s evidence to the 
Senate and House committees on Foreign 
Relations (on 18 June and 1 July 
respectively) had involved the disclosure of 
confidential information in breach of his 
contract of employment, and that the 
agency was taking legal advice. 

Dr Richter’s appearances have been 
dramatic, to say the least. According to Dr 
Eklund’s statement on Monday, Dr 
Richter last showed up for work in Vienna 
on 15 June. The following day, Senator 
Alan Cranston, chairman of the Senate 
committee on Foreign Relations, 
announced in Washington that Dr Richter, 
having resigned for the occasion, would be 
giving evidence three days later. Dr 
Richter’s resignation was received by telex 
in Vienna on 18 June, according to Dr 
Eklund; it was not, however, accepted, but 
Dr Richter was instead fired. 

Dr Eklund in his statement said that Dr 
Richter had worked for the agency since 
February 1978, and that he had been 
assigned to the section of the agency 
concerned with supervising safeguards in 
the “‘south and south-east’’ sections of the 
agency’s territory, including both Iraq and 
Israel, in March 1979. Dr Richter’s 
evidence to the congressional committees 
consisted most conspicuously of the 
assertion that the agency’s safeguards 
were not adequate to detect violations of 
the Non-Proliferation Treaty by Iraq. 

Dr Richter was dissuaded by Senator 
Cranston from quoting from a letter he had 
written a year ago to the US State 
Department, in which he had alleged that 
“the IAEA safeguards are totally 
incapable of detecting the production of 
plutonium in large scale materials-test 
reactors. . .”’ such as that destroyed by the 
Iraeli raid on Tamuz on 7 June. 

One of the reasons why the agency has 
taken umbrage is that neither house of 
Congress has taken its denials seriously. On 
Monday, Dr Eklund told his board that the 
authorities in Iraq had been approached 
immediately after the Israeli raid on Tamuz 


distinct from research councils. They also 
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and visited the site on 18 June. They were 
unable to visit the main reactor because of 
the extent to which it had been damaged 
(and the insistence of the Iraqi authorities 
on a personal accident indemnity). The 
associated research reactor and the 
stockpile of enriched uranium was however 
inspected and found in order. 

For the agency, the incident obviously 
raises serious questions about the fiduciary 
responsibilities of its safeguards 
inspectors. One requirement of the Non- 
Proliferation Treaty is that information 
gathered by inspection teams should be 
kept confidential. The fact that a defecting 
inspector should have told all to Congress 
on the day of his formal resignation is a 
serious blow to the system. 

In the United States, Dr Richter’s 
evidence to the Senate and the House has 
had an equally profound effect, and may 
impede the Administration’s declared 
intention of liberalizing restrictions (made 
necessary by the Carter Anti-Proliferation 
Act) on the export of nuclear technology. 
The nuclear industry has been especially 
critical of the act’s requirements that 


British universities transformed by budget 


A major reshaping of the British 
university system was decreed last week, 
when the University Grants Committee 
sent letters to each of the 51 universities in 
Britain giving details of their recurrent 
grants for the next three academic years. 
But the full implications of what the 
committee has. decided will not be clear 
until the details have been analysed by the 
Committee of Vice-Chancellors and 
Principals, to which the universities have 
separately (but in confidence) provided 
copies of the letters they have received from 
the committee. 

Two features of the new pattern are 
however apparent. By the beginning of the 
academic year 1984-85, the total number 
of students from the United Kingdom and 
elsewhere in the European Community is 
to be no greater than 249,000, five per cent 
less than last year (the base year for all the 
committee’s calculations) and 7.5 per cent 
less than in the current academic year. And 
the total recurrent grant for the 
universities, paid on the recommendation 
of the University Grants Committee, will 
fall from £972 million in the current year to 
£808 million in 1983-84. 

As well as publishing a general statement 
of what it was about, the committee last 
week sent individual letters to universities 
including what is called ‘‘advice’’ about the 
teaching activities that should be continued 
(and sometimes strengthened) but also, in 
many cases, abandoned. Most recom- 
mendations of this kind, which only the 
bravest universities will ignore, concern the 
arts or social sciences. But some 
universities have also been ‘‘invited’’ to 


proliferation row 


recipient nations, even those that had 
signed the treaty, should go further than 
merely accept the Vienna safeguards 
before becoming eligible. 

Part of the reason why the Carter Act has 
been controversial among potential 
recipients of United States’ nuclear 
technology is that one condition for their 
signature of the treaty, in the early 1970s, 
was the promise that nuclear powers would 
assist with the development of peaceful 
nuclear technology. 

Opinion is divided in Washington about 
the strength of Dr Richter’s testimony. 

In Congress, however, Senator 
Charles Percy, chairman of the Senate 
Foreign Relations Committee, says he has 
been shaken by Richter's evidence. 

The chief casualty is likely to be the 
Administration's determination to reform 


the anti-proliferation policy it inherited in 


February. Even President Reagan startled _ 


the nuclear industry when he ~ 


acknowledged at last week's press 
conference that signature of the Non- 
Proliferation Treaty did not necessarily 
imply compliance. 


abandon teaching their brand of biology. 

The University Grants Committee 
(which has no formal mechanism for 
dealing with enquiries from the press) is not 
prepared to say how its decisions about 
individual universitieshave been arrived at. 
It seems, however, to have sought to 
preserve excellence and minority areas of 
study and to encourage what is known as 
“thrift? while maintaining regional 
balances. Unit costs appear to have been 
influential in the case of the University of 
Bath which, while boasting of a diversified 
programme of studies linked broadly (and 
sometimes loosely) with industry, also 
boasts of the lowest costs per student in 
Great Britain, and has been the most 
generously treated university of all — its 
income is cut by merely 7 per cent 

It is also known that the committee, in 
making specific recommendations to the 
Department of Education and Science for 
grants to individual universities, took 
advice about the performance of 
universities in competition for research 
grants from the research councils. One 
vice-chancellor, at least, is glad to think 
that his university’s relative immunity from 
impending frugality stems from his 
academics’ success in raising more than £3 
million a year by way of grants. 

Vice-chancellors at the newer 
technological universities most severely 
affected by the cuts complain, however, 
that in its calculations of external research 
support the grants committee has paid too 
little attention to research support 
provided by industrial companies as 
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point, with justifiable surprise, to ‘the 
committee’s formal endorsement (in its 
letter for general circulation) for courses of 
study intended to foster closer 
relationships between students and 
industry and the presence of at least three 
former colleges of advanced technology 
(“universities in waiting’ in the early 
1960s) among those now worst hit (Salford, 
Aston in Birmingham and Bradford). 

The delivery of the committee’s letters to 
universities comes at an awkward time, 
with the summer vacation almost 
everywhere begun. The committee has 
agreed that aggrieved universities should 
have a right of “‘consultation’’, which will, 
nevertheless, have to be exercised quickly. 
The committee of Vice-Chancellors and 
Principals is hoping within the week to put 
together a document showing how the 
pattern of the university system will be 
changed, but even that calculation will be 
jeopardized by uncertainty about the 
recruitment of overseas students (who pay 
higher fees) in the next few years. Even 
moderately gloomy forecasts suggest that 
the total reduction of university income 
may be as much as 17 per cent when 
allowance is made for that deprivation. 


French universities 


New appointments 


While Mrs Margaret Thatcher squeezes 
the British universities, the departure of 
another lady over the channel has French 
universities sighing with relief. Madam 
Saunier-Seité, Minister of the Universities 
under President Giscard d’Estaing, set out 
to centralize power over appointments and 
the allocation of degrees, and to weaken 
the role of some of the smaller regional 
universities. Now, under a gentlemanly 
new minister of the new government, M. 
Alain Savary, that is being reversed. 

M. Savary says he wants dialogue with 
the universities, and dialogue he seems 
bound to get. Within a few days of the 
election of President Mitterrand, 100 
lecturers at the University of Paris signed a 
declaration condemning the previous 
minister’s ‘‘scandalous’’ methods of 
making university appointments and 
demanding a more democratic approach. 
The two principal education unions, the 
Syndicat National de l'Enseignement 
Supérieur and the Syndicat: Général de 
l'Education Nationale, alse weighed in 
with a joint statement warning that con- 
servative and technocratic forces were still 
in control of the universities, and that they 
would have to be overthrown. 

The chief target seems to be the Conseil 
Supérieur des Corps Universitaires, which 
according to its timetable should meet this 
month to consider this year’s new appoint- 
ments to the few university posts available. 
The council, strengthened by Saunier- 
Seite, interviews candidates and makes its 
decisions in private, without right of 
appeal, complain the Paris 100; moreover 
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‘its council is said to be predominantly — 


conservative and to give a poor hearing to 
candidates offering a novel approach to 
teaching or unfamiliar combinations of 
subjects. Certainly, the council — as now 
constituted -~ is an obstacle to university 
autonomy, and M. Savary, while not 
referring to it directly, has said he wishes to 
restore university autonomy and to set up 
new decision-making methods which will 
be “‘very decentralized”. 

On another tack, Savary also seems set to 
restore some of the second and third-level 
degree courses whose status as such was 
removed by the previous minister. A partial 
list of approved courses for 1981-82 was 
released last week. It was determined 
almost entirely by assessment procedures 
set in train the previous year and, conscious 
of its shortcomings, M. Savary has 
announced that the universities are free to 
appeal against the decisions (where a 
course has been cancelled) or to make new 
proposals. But he has called for ‘‘a sense of 
self-discipline’? among the professors: 
there is not to be a free-for-all in which 
every wild proposal will meet approval. 

Savary also says that appeals may not 
last into next year. The device is a stop-gap 
measure. For the long term, M. Savary 
plans to enter ‘‘without delay” into dis- 
cussions, with all who are interested, over 
new mechanisms for the accreditation of 
courses. Robert Walgate 


US biomedical research 


Against the tide 


Washington 

Democrats in the House of 
Representatives have been having little 
success in trying to reverse budget cuts pro- 
posed by President Ronald Reagan, but 
they may gain a rare victory on the issue of 
support for biomedical research training. 

Focus of the dispute is the National 
Research Service Awards (NRSA) scheme, 
which provides about 10,000 grants 
annually to support postgraduate and 
postdoctoral research workers. The 
Reagan Administration is proposing that 
such grants should no longer contain 
institutional support to cover general 
overheads at research institutions, which 
would mean a cut of more than 25 per cent 
in grant allocation. Medical schools and 
universities complain that without this 
support — about $50 million a year — they 
will not be able to sustain an adequate base 
across all areas of research training. 

The medical schools won a preliminary 
round earlier this year, when both houses 
of Congress rejected the Administration’s 
proposal to drop institutional support pro- 
vided through the awards scheme as a 
budget saving for the fiscal year 1981, 
which began last October. 

Less expected was their success in the 
debate on the 1982 budget in the House. 
The defection of a number of conservative 
Democrats to the Senate side resulted in 
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defeat for proposals submitted by the 
House leadership, and victory for amend- 
ments presented by Republicans. 

For example, the House Science and 
Technology Committee had proposed 
deleting funds for the construction of the 
liquid metal fast breeder reactor at Clinch 
River in Tennessee, transferring much of 
this money to research in solar energy and 
conservation. The full House, however, 
rejected this proposal, restoring the Clinch 
River funds and severely reducing the solar 
energy budget. 

In biomedical research training, 
however, the cuts proposed for 1982 
brought a stream of protests from the 
research community. In a letter to 
Representative John D. Dingell, chairman 
of the House Energy and Commerce 
Committee which has responsibility for the 
budget of the National Institutes of 
Health, 58 separate medical and research 
associations warned that the cuts would be 
“severely harmful’’. 

The lobbying seemed to pay off. Mr 
Dingell’s committee recommended to the 
full House that the NRSA budget be raised 
to $194 million from the proposed $147.3 
million. 

The Republican-run Senate, however, 
has already passed a budget bill containing 
the lower figure proposed by Mr Reagan. 
In addition, the Senate suggests an upper 
limit on biomedical research supported by 
the National Institutes of Health of $3.7 
million, a move which the medical associa- 
tions describe in their letter as ‘‘arbitrary, 
unprecedented and unnecessary.” 

Negotiations now have to take place 
between the House and the Senate before 
both sides can agree on a common bill. At 
the same time, there is a parallel debate going 
on over the budget for the Department of 
Health and Human Services which is 
responsible for the funding of the National 
Institutes of Health, 

In particular a key Senate Committee — 
Labor and Human Resources — is in dead- 
lock. The committee’s previous chairman, 
Democrat Senator Edward Kennedy, 
backed by other Democrats and two 
Republicans, is proposing an additional 
$50 million for research training awards. 
The current chairman, Republican Senator 
Orrin Hatch, is opposed to the committee 
taking a public stance in defiance of the 
President’s recommendations; but he has 
promised that if the committee approves 
the lower figure, he will intervene to see if it 
can be raised. 

Medical school lobbyists, such as the 
American Association of Medical 
Colleges, intend to keep up the pressure to 
have the funds restored. Dr Lamont- 
Havers of the Massachusetts General 
Hospital told a meeting of the American 
Association for the Advancement of 
Science that the proposed cuts reflected ‘‘a 
deep bias within the Office of Management 
and Budget’’ against the biomedical 
research training programme. 

David Dickson 
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UK atomic energy 


Design delays 


British hopes of building a pressurized 
water reactor (PWR) seem now to rest on 
Dr Walter Marshall, chairman of the UK 
Atomic Energy Authority, who was last 
week appointed by the Department of 
Energy as chairman of a ‘“‘task force” 
intended to stifle squabbles about the 
project — and to help reduce the cost. This 
development is a consequence of mounting 
impatience among Marshall and his 
colleagues on the four-man ‘‘nuclear 
industry group” with the delays that have 
accumulated in the PWR programme; they 
put their complaints in a letter to the 
Department of Energy three weeks ago. 

As yet, the National Nuclear 
Corporation — the putative constructor — 
has not completed the reactor design, 
which should have been sent to the Nuclear 
Installations Inspectorate in the spring. 
Like a schoolboy late with his homework, 





Marshall the catalyst 


the corporation was able to manage by the 
deadline only a ‘‘reference design” that 
omitted details of the containment vessel 
and the emergency core cooling system. 
The missing information has not yet 
materialized because the corporation (and 
the Central Electricity Generating Board, 
which will have to pay for the reactor) have 
had cold feet about the cost. 

Several modifications of the basic 
Westinghouse design have added to the 
cost. The generating board has asked for 
relatively easy access to the steam supply 
parts of the system to reduce maintenance 
time and the radiation exposure of 
workers. The containment building for the 
reactor was intended to have a double- 
walled construction, some concrete 
shielding was intended to be extra thick and 
there were to have been four (rather than 
two) emergency core cooling systems. 

However, critics of these changes say 
they substitute concrete and equipment for 
analysis. Good chemical control of the 
steam supply system — for example, by 
purging the steam supply system before 
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dismantling for refuelling — can reduce 
radiation doses to levels acceptable to the 
generating board, say the critics, without 
using more concrete. (The board has 
indicated that it will not accept levels higher 
than those at the Heysham advanced gas- 
cooled reactor, a relatively clean power 
plant.) Some American utilities already use 
the hydrogen peroxide method in their 
PWRs. So this week a team of National 
Nuclear Corporation and generating board 
scientists has flown out to inspect such 
“best practice’ in American reactors, and 
make its own measurements of radiation. 

Similarly, the net benefit of quadrupling 
the emergency core cooling system could be 
obtained more cheaply by looking closely 
at the failure rate and significance of 
individual components of the system. The 
containment building will also probably be 
simpler, and similar to the optional 
construction designed by the Bechtel 
Corporation which is acting as consulting 
engineers to the National Nuclear 
Corporation. 

What has worried Marshall, and now 
apparently the Department of Energy, is 
that the pursuit of perfection at the 
National Nuclear Corporation has been 
time-consuming as well as potentially 
expensive. His task force will function not 
as a decision-making body but as a forum 
in which the designers can be shamed into 
making up their minds. 

All of the questions to be tackled relate 
to safety, and most of them involve trade- 
offs against cost. Marshall hopes that the 
outcome will be a reactor with a con- 
struction cost (per kW of generating capa- 
city) only 60 per cent of the cost of the 
advanced gas-cooled reactor. He may have 
to be satisfied with less. Although some of 
the refinements of the Westinghouse 
design may have to be abandoned, 
Marshall is confident that the reactor can 
be built within British safety criteria. 

The plan now is that the final design 
should be with the nuclear inspectors in the 
autumn. With a lot of luck, it may still be 
possible for the government to hold its 
promised public inquiry on the project 
before the end of 1982, almost exactly a 
decade after the electricity board first 
designated the site at Sizewell for the pro- 
ject. Marshall’s chumminess with the 
minister at the Department of Energy with 
special responsibility for nuclear energy, 
Mr Norman Lamont, will help to simplify 
the timetable. Robert Waigate 


Large Space Telescope 


View from Munich 


The contract for the European 
Coordinating Facility for the Large Space 
Telescope has been awarded by the 
European Space Agency (ESA) to the 
European Southern Observatory (ESO) in 
Garching, near Munich. The other 
contenders for the prize were the Royal 
Observatory at Edinburgh, the Institute of 









Soviet second sentences 


Dr Andrei Sakharov has this week 
issued two new appeals to scientific 
colleagues abroad on behalf of fellow 
human-rights activists. 

The first is on- behalf of Aleksandr 
Bolonkin, a mathematician arrested in 
1972 on a charge of disseminating false 
propaganda — in fact. for having circu 
lated the samizdat ‘Chronicle of Current 
Events’’. For this, Mr Bolonkin received 
a sentence of four years’ prison camp and 
three years’ internal exile, while the state 
Attestation Committee refused to 
confirm his doctoral degree. After) 
serving his time in camp, and just before 





was rearrested and sentenced to a further 
three years in the camp. Then, a few). 
weeks ago, just ten days before this 
second sentence was to expire, he was) 
charged again. a 
Such reconvicticns of political) — 
prisoners due for release have beeni 
frequent in the past two to three years,| 
and many now fear that such a fate may 
await Dr Sergei Kovalev, whose seven). 
year prison term (on the same charge as) 
Bolonkin) expires next December (to be 
followed by three years’ Siberian exile). 
Kovalev, whose life is reported to be in) 
danger, is the subject of Sakharov’s 
second appeal, which takes the form of 
an open letter to Dr Linus Pauling. 
Included in the appeal are Tanya 
Osipova, Dr Kovalev’s daughter-in-law 
and a member of the Moscow Helsinki 
Watch Committee, who was recently 
sentenced to 5 years labour camp and $ 
years exile, and her husband, Ivan 
Kovalev, against whem it is understood 
similar charges of subversion are being 
prepared, Tanya Osipova’s plight, says) 
Sakharov, is particularly serious, since) 
she has to serve her sentence imo an 
ordinary criminal camp, whose regular 
inmates traditionally bully and exploit 
the political offenders to gain favour with 















the camp authorities. 





Space Astrophysics at Frascati and the 
Institut d’Astrophysique and the 
Observatoire de Paris iin a joint proposal. 

ESO (whose member states are Sweden, 
Denmark, the Netherlands, Germany, 
France and Belgium — to be joined by Italy 
and Switzerland next vear) moved last year 
to the Munich site from Geneva. It 
manages the observatory at La Silla, Chile, 
where the main instrument is a 3.6-metre 
reflector. 

There is more than enough room at 
Garching for the space telescope institute. 
ESO now operates am imaging processing 
unit, incorporating a VAX 11/780 
computer. Another VAX is to be installed, 
along with 15 staff members, who will be 
expected to spend half their time on their 
own research and half on coordinating the 
European space telescope observations. 
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The detailed arrangements for the use of ne 


the telescope have yet to be worked out 
between the US National Aeronautics and 
Space Administration (NASA) and ESA. 
ESA’s decision has ruffled several 
British feathers. The Edinburgh proposal 
was based on the Starlink image processing 
system, which also uses the VAX computer 
and links six British universities. A 
confidential report by an ESA 
subcommittee, set up to evaluate the 
proposals, is said to have highlighted the 
scientific merits of the British scheme but 
` put it in second place because the location 
was ‘‘far off from most member 
countries’’. Problems with pay 
differentials and apparent weaknesses in 
management and archiving were also 
mentioned, but these objections are 
dismissed by some British astronomers, 
who consider that a system based on 
Starlink would provide the best facility for 
European astronomers. Such a system 
could, however, be developed with 
advantage at ESO. Philip Campbell 





Curien on top 


The council of the European Space 
Agency (ESA) has unanimously elected 
Professor Hubert Curien, president of 
the Centre National d’Etudes Spatiale, 
the French space agency, to be its next 
chairman. In a break with tradition, the 
council has also elected two vice-chair- 
men Dr Harry Atkinson, a British dele- 
-}gate to ESA, and Dr H. Grage, a Danish 
delegate. The hope is that the three new 
appointees, who represent separate 
national interests, will between them steer 
the agency onto a truly European course 
as it negotiates its future for the next ten 
years. 

Despite the unanimous vote, however, 
Professor Curien’s election was not with- 
out dissent, some delegates fearing that it 
might give too much weight to French 
arguments for the further development of 
the Ariane launcher. Britain had argued 
that it was time for a British chairman, 
the last one having been Sir Harrie 
Massey who chaired the European Space 
Research Organisation, ESA’s 
predecessor, in the early 1970s. But other 
countries feared that the possible British 
candidates would be too partisan. An 
attempt by Italy and Switzerland to bring 
John Adams, ex-joint-director of CERN, 
the European centre for high-energy 
physics, into the competition failed on 
the grounds that he is not a delegate to the 
ESA council. John Adams had declined 
to apply for the post of ESA’s director- 
general when it became vacant last year. 

In the event, the compromise has been 
to elect the British and Danish vice-chair- 
men to work with Professor Curien. With 
the current uncertainty over ESA’s future 
programme, they are bound to play a 
more vital role than ESA chairmen in the 
recent past. Judy Redfearn 
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US space research : 


kd 
Halley again? 
Washington 

A faint glimmer of hope that there may, 
after all, be a mission to Halley’s comet 
filtered from the House of Representatives 
last week. The House has voted to include 
$5 million in the budget to keep the project 
alive during 1982. But this is less than the 
$25 million which scientists at Jet 
Propulsion Laboratory (JPL) of the 
National Aeronautics and Space 
Administration (NASA) say is necessary in 
the 1982 budget for the first stage of a $350 
million project. 

The Republican-dominated Senate in 
passing a parallel bill last month did not 
include money for a Halley mission 
because it had not been requested by the 
Administration. Even if the proposed 
mission survives the compromise bill which 
the two legislative bodies must now 
negotiate, it still has to go through the 
appropriations process in which budgets 
rather than programmes are agreed. 

Scientists at JPL are hoping to convince 
President Ronald Reagan that not 
mounting the mission would be a serious 
blow to national prestige, given that the 
European Space Agency (ESA), Japan and 
the Soviet Union (in partnership with 
Comecon countries and France) are 
preparing their own plans. 

Dr Ray Heacock, JPL’s choice as 
project manager for the Halley mission, 
said last week that the $5 million would be 
sufficient to fund the project for the first 
three months of the next fiscal year. After 
that the President, if the mission is 
approved during negotiations on the 1983 
budget for the agency, could direct NASA 
to reprogramme some of its 1982 funds. 

The proposal has some strong 
supporters, particularly among those who 
feel that space science activities in NASA 
have been unfairly squeezed by the agency’s 
preoccupation with the space shuttle. 

The original plans have also been scaled 
down considerably. NASA had initially 
talked of a spacecraft which would travel 
alongside the comet on its way to a rendez- 
vous with the smaller Tempel 2 comet. The 
latest plans are for a more modest mission 
using reserve equipment from previous 
planned missions to launch a spacecraft 
through the comet’s tail within 600 to 1,000 
kilometres of the nucleus. 

There remains hope, however, that 
NASA may at least be able to resurrect its 
full participation in the International Solar 
Polar Mission, originally planned to fly 
two spacecraft in complementary orbits 
over the poles of the Sun. The agency’s 
decision, at the prompting of the Office of 
Management and Budget, to eliminate 
funding for one of the spacecraft generated 
a storm of protest from European allies 
which are building the other. 

The House authorization bill passed last 
week added $15 million over the Admini- 
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stration’s request to allow NASA to con- 
tinue construction of its spacecraft. This 
decision is likely to be supported in negotia- 
tions with Senate counterparts, where ex- 
astronaut Jack Schmitt is responsible for 
overseeing NASA programmes. The 
recommendations from the Appropria- 
tions Committee would also permit the 
project to continue, and given the impor- 
tance which top State Department officials 
have attached to maintaining international 
commitments, it seems unlikely that the 
Senate Appropriations Committee, which 
meets to discuss NASA’s budget next 
week, will object. 

At the same time, NASA is unlikely to 
accept ESA’s offer to build the second 
spacecraft, made during the negotiations 
to salvage the mission. Representative Don 
Fuqua, chairman of the House Science and 
Technology Committee, said that he was 
opposed to this proposal, because it was 
unfair to expose European contractors to 
the vagaries of US policy, and because even 
though the price-tag would be lower, 
spending the money in Europe would still 
result in a loss of US jobs and profits. 
TRW, the company selected by NASA as 
contractor for its own spacecraft, is now 
said to have found ways of reducing its 
costs considerably, a move likely to 
increase the mission’s chances of survival. 


David Dickson 
Trypanosomiasis 
Question of breeding 


Schemes for breeding cattle resistant to 
trypanosomiasis are to be hatched at a 
research institute being planned in the 
Gambia (West Africa) with support from 
international aid agencies and 
foundations. The objective is to throw light 
on why N’Dama cattle in Africa appear to be 
genetically more resistant to infection by 
trypanosomes (also the infectious agent of 
African sleeping sickness) than are the more 
common Zebu cattle, and to find ways of 
propagating this resistance. 

Much of the enthusiasm for the new 
institute comes from the President of the 
Gambia, Sir Dawda Kairaba Jawara, who 
was trained as a veterinary surgeon in 
Glasgow in the early 1950s, and who 
became leader of the People’s Progressive 
Party in 1960. A preliminary meeting was 
held at Bellagio last year, and a meeting in 
the Gambia in May this year worked outa 
timetable on which further decisions must 
be made in time for a final decision about 
the project by January 1982. 

Among international research projects, 
the Gambian research centre is unusual in 
that the African Development Bank seems 
to be prepared to take the lead in providing 
funds. Other interested parties include the 
European Community and the British 
government, the Food and Agriculture 
Organization and the World Health 
Organization of the United Nations, and 
research institutes in the World Bank 
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network, including the International 
Laboratory for Research in Animal 
Diseases in Nairobi. A technical appraisal 
of the project is being carried out this 
month in the Gambia, and should be com- 
pleted in October. 

The mechanism of trypanotolerance in 
N’Dama cattle is far from clear. The 
capacity for tolerance obviously has a 
genetic basis, but the older cattle are the 
more free from trypanosomes in the blood, 
suggesting that tolerance is acquired in 
response to trypanosomal antigens — and 
that even N’Dama cattle might benefit 
from multiple vaccines. Part of the 
intended research programme will be to 
look for genetic markers for the easy 
identification of resistant cattle. The long- 
term objective is to prepare the ground for 
setting up breeding centres for the 
propagation of potentially resistant cattle. 

The initial costs of the centre are 
estimated at $3.5 million, with annual 
running costs of $1.5 million. 


Bulgarian wildlife 


Shooting for keeps 


Plovdiv’ 

Bulgaria, which this year is celebrating 
its thirteen hundredth anniversary of state- 
hood, has for a number of years been com- 
mitted to an ecological policy aimed at 
restoring: its. Tange of wildlife to the level 
indigenous in the country a millenium ago. 
During the past few years, extensive herds 
a d red ideer have been built up 





month, a ‘second herd has been formed in 
the:national: game and forestry park at 
Preslav; fourteen animals, including four 
pregnant cows, were transferred from the 
existing reservation and will eventually be 
joined by animals from Poland and the 
Byelorussian SSR. 

This faunal re-establishment policy is 
part of an overall reafforestation drive. 
During the long Turkish occupation, which 
ended just over a century ago, a large pro- 
portion of Bulgaria’s primaeval forests 
were destroyed. But shortly after the 
establishment of the Bulgarian People’s 
Republic in 1944, a major tree-planting 
programme was started. and considerable 
attention given to conservation. During the 
Second World War, Bulgarian game herds 
multiplied virtually unchecked, so that 
stocks became sufficient for the new 
regime to incorporate into its forestry 
policy a role for the human gun-bearing 
predator. 

According to a report presented last 
month at the Plovdiv symposium on 
“Wildlife and the Environment” (part of 
the ‘“‘Expo-81’' World Hunting 
Exhibition), this policy is working well. 
Although every adult Bulgarian citizen is 
entitled to join the Hunting and Fishing 
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“Union, thereby acquiring. the right to hunt 


game, stocks are flourishing, The latest 
census gives 14,000 red deer (which have 
spread to almost. all suitable habitats 
throughout the country), some 117,000 roe 
deer, which have moved permanently into 
arable areas and established a field 
ecotype, some 30,000 wild boar, 2,700 
fallow deer, 2,000 moufflons, 1,500 
chamois and 700 bears. 

However, some small game species have 
suffered, apparently because of changing 
ecological conditions. The hare popu- 
lation, in particular, suffered a con- 
siderable decline in the late 1970s. The 
Hunting and Fishing Union, however, 
implemented a strict conservation plan — 
which included a total ban on hunting for 
two years — and the latest figures show a 
considerable increase. 

Managing forests as a combined hunting 
and conservation resource does not seem to 
produce major conflicts of interest in 
Bulgaria. The various hunting clubs 
affiliated to the Hunting and Fishing 
Union are assigned specific tracts of the 
state forests, and are expected to assume 
many of the traditional duties of the game- 
keeper — including the distribution of 
fodder in hard winters. No paid keepers are 
employed — the club members perform 
such tasks on a voluntary rota basis, which 
gives them a good insight into the problems 
of forest management. (Foreign tourist 
hunters, of course, are provided with the 
normal complement of beaters and ghillies 
— at the cost of some £500 per week.) 

Nevertheless, Bulgaria has not been free 
from ecological mistakes in recent years, 
and this makes experts wary of introducing 
totally new species. Some years ago, for 
example, it was proposed to introduce 
American trout alongside the native 
Bulgarian variety, with which, it was con- 
fidently predicted, they would not compete. 
In the event, however, the newcomers 
attacked and virtually wiped out the Jocal 
trout. Nevertheless, Bulgarian fisheries ex- 
perts are prepared to consider innovations, 
and have reported some success with the bester 
~ a non-migratory hybrid of beluga (white 
sturgeon) and sterlet, first produced in the 
Soviet Union about ten yearsago. Vera Rich 


India’s environment 


First steps 


New Delhi 

To protect the world-famous Taj Mahal, 
the Indian government is to close two coal- 
fired power stations in Agra, about 85 kilo- 
metres from the capital, New Delhi. This is 
one of the first concrete actions of India’s 
new Department of Environment, aimed at 
saving the seventeenth century white- 
marbled monument from being blackened 
by smoke billowing out from the power 
stations. The new department has also per- 
suaded the railway authorities to switch 
from coal to diesel power in their Agra 
workshops. 








Agra’s penance 
These actions seem to be only a 
beginning for India’s environment pro- 
gramme. According to the Ministry of 
Agriculture, some 175 million of the 
country’s total 304 million hectares of land 
are subject to environmental problems. 
These include serious water and wind 
erosion over 150 million hectares, and 
shifting cultivation, waterlogging, saline 
and alkaline soils in the remaining area. 

India is annually losing more than 6,000 
million tons of topsoil through water 
erosion, and the total area subject to 
periodic floods now stands at 40 million 
hectares, an increase of 100 per cent in the 
past 10 years. Soil erosion is causing pre- 
mature silting-up of tanks and reservoirs.in 
which India has invested a massive $12,500 
million. 

Another major problem is the large-scale 
deforestation in the Himalayas and other 
hilly areas of the country, And the 19 
national parks and 202 wildlife sanctuaries 
covering more than 2.3 per cent of the geo- 
graphical area of India are inadequate to 
protect the many endangered habitats and 
threatened species, especially as most of 
the sanctuaries suffer from a lack of any 
scientific, or any other kind of effective 
management. 

One of Indira Gandhi's first concerns 
when returned as Prime Minister after the 
election of January 1980 was to stem the 
degradation of the environment, and this 
led to the setting up of a fully-fledged 
government department to tackle the 
problems. The government is expected io 
announce far-reaching recommendations 
shortly, but for the time being there is a 
campaign to create awareness among the 
general public on environmental matters. 
This summer, for the first time, 
“environmental camps” are being held all 
over the country to involve young people in 
tree planting schemes, and to put a similar 
message over to the inhabitants of the rural 
areas where the camps will be based, 
Sunil Saraf 
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Non-academic staff 


Sir — I was disturbed by your swipe at the 
“ancillary staffs” in your comment on cuts in 
the budget for London University 

(Nature 11 June, p.442). The planned 
reductions in staff, in such a short space of 
time, show little concern for the careers and 
livelihoods of individuals, but are also 
uneconomic. The average cost to the nation of 
each unemployed person is estimated at £5,000 
per year in lost taxes and insurance 
contributions and unemployment benefit paid 
out. This excludes the loss of purchasing 
power, lost VAT income and tost productivity. 

You wonder whether the universities’ chief 
purpose is academic — but the universities 
create, directly and indirectly, wealth. Foreign 
students bring money into the country — this 
may now be lost to Canada, the United States 
and New Zealand. With that go many exports, 
both “visible” and “invisible” (such as the 
“influence” which the Foreign Office has 
always laid great store by). 

The efficiency of universities is obviously 
affected by lack of equipment — and also by 
lack of staff. Academics in general earn more 
than the other staffs. If non-academic staffs 
are reduced in preference to academics, the 
tasks now performed by academics will 
become more expensive. Their teaching 
and/or research time will be eaten into. 

Britain spends less on pre-school education 
per head than any of her competitors. Since 
the 1972 White Paper on education, the staff- 
student ratio in universities has increased by 10 
per cent. During a recession one should be 
prepared for the recovery, otherwise recession 
will soon return. The cutbacks in education 
(and other areas) may permanently damage 
competitiveness. 

M. HOOPER 
{University technician) 
London N15, UK 


The Tamuz raid 


Sır — I do not object to the condemnation of 
Israel in your issue of 18 June (“Making Israel 
atone for Tamuz” p.523). On the contrary, I 
believe that articles such as these serve a useful 
purpose in that they strengthen and unify the 
world Jewish community. Moreover, 
condemnations are always preferable to 
condolences. It is remarkable, however, that a 
scientific journal such as Nature should 
tarnish its image by publishing an unscientific 
report that is replete with conjecture, ill- 
conceived logic, half truths and distortions. 

To the question ‘Why should oil-rich Iraq 
be interested in nuclear power?’’, the scientific 
answer given by Nature is “Why not?” A 
long apologetic discourse follows rationalizing 
the presumed logic of creating civil nuclear 
technology in Iraq. How foolish! The Iraqi 
spokesmen themselves never bothered to 
contrive such a rationale for their reactor. 
President Hussein makes no bones about it — 
he wants bombs. He calls upon the world to 
“help Arabs acquire nuclear weapons — 
which are essential for world peace”; he also 
states that it is a “rational move for Arabs to 
iry to acquire a bomb” —- New York Times, 
24 June, p.. 

The tears shed about the damage done to 
the “international reputation of the nuclear 
non-proliferation treaty” also amuse me. How 


0028-08367 81 /280104-01 $01.00 


effective are the inspections? In the case of 
Iraq these were conducted on a limited basis, 
only by representatives of Communist bloc 
nations. Congressional testimony by Roger 
Richter, former American inspector of the 
IAEA (19 June 1981), shows how Iraq would 
have easily fooled reactor inspectors. Indeed, 
Iraq and some other nations are signatories of 
the treaty, but are we talking about 
responsible democratic societies? How much 
would it take for ruthless dictators, that 
suppress and murder political dissidents in 
their own countries, to abrogate an 
agreement? Perhaps it is time for the current 
ineffectual treaty to be replaced by a more 
meaningful one. We should all devote our 
efforts to promoting effective policies that 
would dictate limitation to the world arms 
race, and stop nuclear proliferation, rather 
than pontificate and lecture Israel about 
morality. 

For the sake of future generations, the 
scientific community has the responsibility to 
do everything in its power to curb the real 
culprits in this case; the corrupt Western 
powers who are prepared to place nuclear 
energy at the disposal of madmen. In their 
hearts decent people thank the heroic Israelis 
for undertaking this necessary mission. 
Nuclear power must not be handed to 
demented killers. 

IRVING LISTOWSKY 
Albert Einstein College of Medicine, 
New York, USA 


Sik — Your editorial of 18 June (p.530) 
demonstrates clearly that Nature doesn’t have 
offices in Israel. I take issue with your naive 
call for atonement on Israel’s part for 
destroying Tamuz. Nations do not atone for 
legitimate acts of self-defence especially those 
committed during a declared war. 

Egypt and Israel are at peace. The Egyptian 
nuclear programme is obviously needed for 
power production. For Iraq, peace with Israel 
is available for the asking. Nature should note 
that Iraq has been hostile to Israel since before 
Israel’s independence. Iraq has not atoned for 
the mistreatment and expulsion of Iraqi 
citizens who happened to be Jewish. 

It seems that you think that Israel should 
place its trust in the United Nations or the 
IAEA or the Big Powers or some other 
institution, Why? Did the UN stop the 
blockade of the straits of Tiran, did the United 
Kingdom and France obtain passage for Israeli 
shipping through the Suez Canal and when 
will Europe stop acquiescing in the Arab 
economic boycott of Israel? The credentials of 
world institutions do not call for trust. 

Your editorial fails to mention the prospects 
for peace in the Middle East which were 
increased tremendously by the Israeli strike. It 
demonstrates that the cost of enmity to Israel 
is much higher than her enemies previously 
thought. 

I realize that the cost to Nature of 
publishing a pro-Israeli editorial may be 
prohibitive in terms of lost advertising revenue 
and retaliatory terrorism but your respected 
journal should not dirty its image by ignoring 
history and simple logic to defend an attempt 
to destroy a nation. 

Paur RoTHBERG 
State University of New York, 
Stony Brook, New York, USA 


No badger vaccine 


Sir — M.J. Chapman (Nature 28 May, p.278) 
commented on various aspects of the 
Zuckerman report on badgers, cattle and 
tuberculosis. It would be inappropriate for me 
to deal with the medical aspects to which Mr 
Chapman refers other than to note that my 
reading of these parts of the report differs 
from his. 

I should, however, like to comment on the 
question of badger vaccination. The only 
vaccine for tuberculosis currently in use is 
made from a modified (attenuated) strain of 
Mycobacterium bovis and is used only in 
humans. In trials, the vaccine has given 
unpredictable results and is of no value at all 
as a treatment for infected cases. It has been 
tried in cattle and found to be neither effective 
nor practical. Its effect on badgers, whether 
healthy or tuberculous, is not known. 

The mass vaccination of badgers seems to 
me, however, to be unpromising. While BCG 
vaccine can be given orally, very large doses 
are required compared with the amount given 
by intradermal injection. Oral application on 
the scale required seems quite impracticable. 
Furthermore, to be effective any vaccination 
of badgers would in all probability have to be 
carried out before they had been exposed to 
infection. Recent work has found that 13 out 
of 49 young cubs removed from setts in one of 
the problem areas were already infected. This 
suggests that vaccination would need to be 
done soon after birth which is, unfortunately, 
impracticable in the wild, 

Mr Chapman asks for consideration to be 
given to the views of ‘many zoologists’? who 
doubt the basis of ministry policy. I can assure 
him that we are in contact with many 
zoologists, both directly and through the 
minister’s consultative panel, and that the 
ministry’s own zoologists are closely involved 
in the work. 

It is not my impression that there is a body 
of informed zoologists who differ 
fundamentally with the policy that we are 
following. In this connection I refer Mr 
Chapman to the statement issued earlier this 
year by the Nature Conservancy Council in 
which they endorse Lord Zuckerman’s advice. 

W.H.G. REES 
Ministry of Agriculture, Fisheries and Food, 
Tolworth, UK 


Elementary error 


Sir — In Nature 16 April, p.538, in an article 
by Jasper Becker about accidents and 
problems at the French reprocessing plant at 
Cap de la Hague, mention is made of the 
hypothetical release of caesium-137 and 
rubidium-106 (if the cooling equipment for the 
radioactive waste storage reservoirs at La 
Hague had remained inoperative for ten 
hours). 

Is the isotope number of rubidium perhaps 
in error, or the element? I do not find 
rubidium- 106 listed in the CRC Handbook of 
Chemistry and Physics, 1980-81 edition. 

Kay Drey 
University City, 
Missouri, USA 
The (hypothetical) offending element is 
ruthenium-106 — Editor 
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A cycling index for ecosystems 


I have heard it Said that the River Thames 
passes through two people on its way to the 
sea, While I am sure this is an extravagant 
exaggeration, such recycling is typical of 
the flow of nutrients in many ecosystems. 

Finn! and others have presented a 
formal scheme for characterizing the 
patterns of flow of energy or nutrients 
through a complex ecosystem. In par- 
ticular, Finn! has shown how to compute a 
‘cycling index’, which gives a quantitative 
measure of the extent to which flows 
recirculate within the system. This cycling 
index is the fraction of the total flow 
through the system that derives from 
cycling, expressed asa ratio to the fraction 
of the total that derives from flow straight 
through the system. Thus defined, the 
cycling index can clearly range from zero 
(no recycling anywhere in the system) to an 
arbitrarily large number (recycling over- 
whelming direct flow). 

As derived by ‘Finn and co-workers, 
these concepts apply to conservative 
systems at equilibrium, such that the books 
balance for overall inflows versus overall 
outflows. Finn observes, however, that the 
methodology may be extended to non- 
steady systems. The actual meaning of the 
‘compartments’ that make up the system 
can vary greatly (trophic levels, species, 
individuals); although this certainly bears 
on the interpretation of results, it makes 
essentially no difference to the formalism. 

Finn has analysed the cycling of energy 
in several ecosystems'?. One example is 
part of a marine ecosystem (exhibiting 
marine coprophagy) and has four compart- 
ments*6: the shrimp Callianassa major, the 
faeces of C. major and associated bacteria, 
coprophagous benthic fauna, and the 
faeces of the benthic fauna and associated 
bacteria. Here the cycling index, deriving 
from recycling between the third and 
fourth compartments, is ' 0.24. The second 
example describes energy flow in the Cone 
Spring ecosystem’, and has components 
for primary producers, detritus, bacteria 
associated with the detritus, detritus 
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feeders and carnivores. Here the cycling 
index is! 0.16. The third example draws on 
the extensive studies of the Hubbard Brook 
ecosystem®, Here there are essentially no 
energy loops, whence? the cycling index is 
zero. 

Insofar as one can generalize from these 
three examples, it seems that energy can be 
recycled to a small but significant extent. 
Such recycling of energy is not in conflict 
with thermodynamic principles (energy, of 
course, cannot be degraded more than 
once), but arises because living systems can 
‘use’ energy without degrading it. This is 
the case, for example, with the energy 
associated with structural or storage 
elements (such as cellulose, proteins or 
fats), which can either be catabolized or be 
used again as structural elements on 
transfer to the next compartment. 

Finn? has also analysed the model of 
Likens and co-workers’ for the Hubbard 
Brook ecosystem, to estimate the patterns 
whereby various nutrients flow from the 
above-ground biomass through the below- 
ground biomass and the forest floor to the 
mineral soil and the available nutrient 
pools. The cycling indices suggest sig- 
nificant differences in the degree of 
recycling, with the elements K, Na, N, Ca, 
P, Mg and S having indices around 0.83, 
0.76, 0.76, 0.62, 0.60, 0.59 and 0.51, 
respectively. Finn? comments that ‘‘this 
order does not appear to relate to whether 
or not the system is gaining or losing a 
particular nutrient. Hubbard Brook is 
accumulating N, S, and P and losing Ca, 
Na, Mg, and K’’. Notice that the cations 
(K, Na, Ca, Mg) rank in strict order of 
atomic size and charge, which determines 
mobility (the so-called ‘lyotropic series’). 
Of these seven elements, N and P are 
probably limiting, K, Ca, Mg and S are 
essential but nonlimiting, while Na is 
neither essential nor limiting (for plants). It 
is therefore a bit surprising that Na is 
recycled to such an extent at Hubbard 
Brook; Finn'® has shown that Na cycling 
indices can be very small;in other forest 
systems. 5 

For Edmisten’s!! model of a tropical 
rain forest, Finn? finds the cycling index 
for N to be 1.78. This value, more than 


double the 0.76 for N in the temperate 
Hubbard Brook forest, accords with the 
conventional wisdom about greater 
recycling of nutrients in tropical forests. 

It is tempting to use Fion’s cycling index 
in pursuit of other ecological generalities. 
We may, for example, expect to-find that 
the cycling index typically increases as suce 
cession advances. Cenversely, given that 
many kinds of pollution and other man- 
induced disturbances of mature ecosystems 
have effects akin to precipitating the 
system back into early successional 
patterns’, it may be that such pertur- 
bations are characterized by decreases in 
cycling indices. These are intéresting 
speculations. They may even be taken to 
suggest that the cycling index could be a 
useful diagnostic in the design of environ- 
mental impact statements. 

As Finn? himself has emphasized, 
however, ‘‘Flow measures do not take into 
account residence times or storages, but 
only the amounts of nutrients actually 
moving and the way in which they move. 

. . all the different processes involved in 
nutrient cycling cannot be captured and 
quantified in a single index’. The cycling 
index is an elegant construct, having both 
theoretical and practical significance; but 
when it comes to evaluating the impact of 
disturbances upon ecosystems, | would be 
wary of attempting to distill complex 
arrays of information about flow patterns 
into any such single number”. Q 
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Plasma lipoproteins and cellular metabolism 


from J. S. Owen 


PLASMA LIPOPROTEINS are macro- 
molecular complexes in which lipids are 
bound to a variety of polypeptides (the 
apoproteins) through non-covalent forces. 
Four main classes of lipoprotein are 
recognized, each defined by the density at 
which it floats in the ultracentrifuge — 
chylomicrons, very-low-density lipo- 
protein (VLDL), low-density lipoprotein 
(LDL) and high-density lipoprotein 
(HDL). Although these classes vary widely 
in size, and in lipid and apoprotein 
composition, they appear to have a similar 
‘general structure: they are spherical 
particles with a hydrophobic core of 
cholesteryl ester and triglyceride sur- 
rounded by a 2 nm-thick monolayer of 
apoprotein, cholesterol and phospholipid 
molecules. 

Chylomicrons transport triglyceride and 
other fat-soluble substances from the 
intestine while VLDL transports endo- 
genous triglyceride from the liver. The tri- 
glyceride contained in these particles is 
delivered to extrahepatic tissues, thereby 
providing cells with an important energy 
source, Although almost all cells can 
synthesize cholesterol, several clinical and 
biochemical studies suggest that most 
cellular cholesterol is derived from uptake 
and degradation of LDL. By contrast, one 
function of HDL may be to transport 
cholesterol from peripheral tissues to its 
principal site of catabolism and excretion 
in the liver, 

These lipid transport processes are 
complex; they depend on an interchange of 
constituent lipids and apoproteins amongst 
the various lipoproteins, whether by 
exchange collision or by specific transfer 
proteins, and the activities of lipoprotein 
lipase, hepatic lipase and lecithin- 
cholesterol acyltransferase (LCAT). Other 
aspects of intravascular lipoprotein meta- 
bolism being investigated include the 
relationship between the various HDL sub- 
classes and the mechanism by which 
specific HDL particles remove cellular 
cholesterol (Tall and Small Adv. Lipid Res. 
17; 1, 1980), the origin of the lipoproteins 
producing cholesteryl ester deposition in 
the macrophage-like cells of the arterial 
wall (Goldstein et al. J. bioi. Chem. 255; 
1839, 1980, and Schechter et al. J. Lipid 
Res, 22; 63, 1981), and the involvement of 
the liver in LDL and HDL clearance 
(Pittman et al. Proc. natn. Acad. Sci. 
U.S.A. 76; 5345, 1979). In contrast, one 
aspect of lipoprotein metabolism has been 
relatively neglected: the influence of 
lipoproteins on cellular function by their 
regulation of selected cellular biochemical 
reactions and by their role in maintaining a 
normal cell membrane lipid composition. 

The interaction of circulating hormones 
and certain non-hormonal molecules with 
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specific cell-surface membrane receptors is 
an important method of regulating cellular 
metabolism. Plasma lipoproteins also 
appear to possess this regulatory capacity. 
The elegant work of J. Goldstein and M. 
Brown at the University of Texas, Dallas 
has established that cultured cells have 
high-affinity receptor sites which recognize 
the apoprotein moiety (ApoB) of LDL. 
Subsequent studies, principally by R. 
Mahley and colleagues at the National 
Heart and Blood Institute, Bethesda, have 
shown that ApoE-containing lipoproteins, 
including both HDL, (the HDL sub-class 
through which cholesterol may be 
delivered to the liver) and chylomicron 
remnants (the particles remaining after 
partial hydrolysis of core triglyceride), also 
bind to the same cell-surface receptor. 
After binding, these various lipoproteins 
fegulate intracellular cholesterol 
metabolism and receptor activity, 
processes dependent on cellular uptake and 
degradation of lipoproteins. 

Current evidence suggests that cells may 
also have additional lipoprotein receptors, 
specific for the apoprotein moieties and 
distinct from the classical ‘LDL receptor’, 
and that lipoprotein occupancy of such 
receptors is sufficient to modulate selected 
cellular functions without requiring 
internalization of the intact particles. 
These include the activity of membrane- 
bound ‘enzymes such as adipocyte 
adenylate cyclase and erythrocyte Mg?+ ~ 
ATPase which are stimulated by VLDL 
and LDL, the enhancement of lipogenesis 
in fat cells by VLDL and the apparent 
LDL-induced reduction of prostacyclin 
production in endothelial cells. However, 
the type of regulation most extensively 
studied has been the potent inhibition of 
mitogen-induced lymphocyte proliferation 
by the ApoB- and ApoE-containing lipo- 
proteins (Hui et al. J. biol. Chem. 255; 
11755, 1980). J. Harmony and associates at 
Indiana University have shown that several 
primary mitogen-induced membrane 
events in lymphocyte transformation, such 
as calcium ion and cyclic GMP accumu- 
lation and phosphatidylinositol turnover, 
are markedly suppressed by membrane- 
receptor binding of these apoproteins. 

The membrane lipid composition of cells 
may be influenced by lipoprotein lipid 
composition as a consequence of the ready 
exchange between lipoprotein cholesterol 
and phospholipid (mainly phosphatidyl- 
choline and sphingomyelin) and the cor- 
responding lipids in cellular plasma 
membranes. Although cell membrane 
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transport, receptor and enzymatic 
functions are primarily determined by the 
protein constituents, there is considerable 
evidence that such membrane protein 
functions may be influenced by the 
properties of the fluid lipid bilayer matrix. 
A shift in the dynamic equilibrium between 
membrane and lipoprotein lipids, through 
abnormalities in lipoprotein lipid pattern, 
would therefore be expected to lead to 
changes in membrane lipid composition 
and so indirectly to membrane and cellular 
dysfunction. For example, the ratio of 
cholesterol to phospholipid is an important 
determinant of membrane fluidity, many 
membrane-bound enzymes depend on 
specific phospholipids for full activity, and 
phospholipid fatty acid composition may 
bea critical factor in secondary modulation 
of fluidity and in synthesis of 
prostaglandins. 

Is there experimental evidence that this 
potential influence of plasma lipoproteins 
on cellular metabolism, through their 
effects on either membrane lipid com- 
position or regulation of selected bio- 
chemical reactions, is physiologically 
important? Support has largely been 
obtained by study of those dyslipoprotein- 
aemias, associated with either genetic, 
pathological, hormonal or dietary distur- 
bances, in which substantial changes in 
apoprotein and lipid patterns have 
occurred, In this context, reports by N. 
McIntyre and his group at the Royal Free 
Hospital, London on the cellular abnor- 
malities associated with the acquired 
LCAT deficiency of liver disease are of 
interest. Lipid changes were found in 
erythrocytes and platelets and the 
abonormalities correlated with cellular 
dysfunction (Owen et al. J. Lipid Res. 22; 
423, 1981); there was also evidence in 
patients with liver disease that their 
abnormal HDL, enriched in ApoE, could 
effect cellular regulation by reducing LDL 
uptake, by altering erythrocyte 
morphology and by suppressing 
lymphocyte proliferation. However, the 
majority of cells studied in such cases of 
abnormal lipoprotein composition have 
been isolated from the lipoprotein-rich 
environment of the plasma compartment 
and clearly there is a need to extend these 
observations to cells which have access only 
to the lipoproteins of the extravascular 
fluid. That such investigations will be 
fruitful is suggested by the interactions of 
abnormal lipoproteins with cultured cells 
and by the poorly understood metabolic 
and cellular disturbances frequently 
associated with those dyslipoprotein- 
aemias, such as primary and secondary 
LCAT deficiency and abetalipoprotein- 
aemia, in which marked changes in lipid 
and apoprotein composition occur. Ci 
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MST radars: 


advanced tools for gravity wave studies 


from Jürgen Klostermeyer 


IN 1974, Woodman and Guillén! published 
observations of winds; gravity waves and 
turbulence in thé neutral atmosphere 
obtained by the powerful Jicamarca radar 
in Peru. The radar operates in the very high 
frequency (VHF) band at a frequency of 50 
MHz (wavelength = 6m) and was 
originally built for investigations in ionos- 
pheric heights. Their work stimulated the 
construction of several VHF Doppler 
radars which were specifically designed for 
studies in the mesosphere, stratosphere and 
troposphere? (MST radars). Their ability 
to measure simultaneously height profiles 
of background winds, atmospheric gravity 
waves and turbulence makes them unique 
instruments for studying not only each 
process separately but also their nonlinear 
interactions. 
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Fig. 1. Line-of-sight velocity oscillations at 


heights between 3.75 and 7.05 km produced bya 
Kelvin — Helmholtz instability during a jet 
stream passage. Sliding scales on the left 
indicate velocity amplitudes up to 3 m 87+. 
Parameters on the right denote the heights at 
which the velocities were measured. The 
measurements were made by the German 
SOUSY MST radar with height and time 
resolutions. of 150 m and 10 s. (From 
Klostermeyer and Riister'4.) 


The radar echoes are produced by both 
scattering from refractive index structures 
with scales equal to half the radar wave- 
length and partial reflections from 
refractive index gradients, Refractive index 
variations are due to changes in tem- 
perature, pressure, humidity and con- 
centration of free electrons. Humidity 
changes are most important in the tropos- 
phere whereas free electrons play a major 
part only during daylight hours at 
mesospheric heights above some 50 km. In 
the troposphere and stratosphere, the 
radar echo power decreases strongly with 
height due to the exponential decrease of 





the air density whereas in the mesosphere, 
the free electrons give rise to a small local 
power maximum. The small radar scat- 
tering cross-section of the turbulent fluc- 
tuations requires extremely sensitive radars 
with operating frequencies preferably 
below 50 MHz‘. However, depending on 
daytime and mode of radar operation, 
there is always a more or less extended 
height range around the stratopause 
refusing the onslaughts of even the most 
potent MST radars. 


MST radars are phase coherent so that, 


transmitted and received signals can be 
compared to get both amplitude and phase 
of the signals returned from any height. 
The usual procedure is to find the echo 
power density as a function of the Doppler 
shift from the transmitter frequency. This 
Doppler spectrum contains the necessary 
information about the intensity of 
turbulent refractive index fluctuations at 
scales equal to half the radar wavelength, 
the mean velocity of the scattering volume 
in the direction of the antenna beam (line- 
of-sight velocity) and the distribution of 
random velocities within the scattering 
volume!. The total velocity vector can be 
obtained by changing the direction of the 
antenna beam. The temporal and spatial 
resolutions depend primarily on the signal- 
to-noise ratio of the radar echoes, 
optimum resolutions are a few seconds and 
a few tens of metreo®. 

Due to their excellent range and time 


‘resolutions, MST radars offer unique 


opportunities for studying the role of 
gravity waves in various atmospheric 
processes. Radar records show that gravity 
waves with periods between a few minutes 
and several tens of minutes are generally 
present at all heights below 100 km. At 
Jicamarca, several experiments using two 
or three antenna pointing directions were 
performed to measure both wave periods 
and horizontal and vertical phase velo- 
cities’~?. The results show dominant 
periods of between 5 and 10 min, the range 
of the Vaisal4-Brunt resonance period in 
the atmosphere below 100 km, The 
majority of the waves propagates 
horizontally indicating that there is no 
vertical energy transport. This suggests 
wave sources within the observed height 
range rather than sources far below or 
above it. 

A few radar experiments indicate that 
there are height levels at which the 


- horizontal phase speed of observed gravity 


waves matches the wind speed. A wave 
encountering such a ‘critical’ level 
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transfers momentum and energy to the 
wind or vice versa depending on the 
strength of the vertical wind shear. In the 
presence of strong wind shears, a gravity 
wave reflected from @critical level may be 
stronger than the incident one. Within the 
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Fig. 2. Time variation of square root of gravity 
wave spectral power and vertical wind shear. 
The gravity wave spectrum: was obtained by the 
Poker Flat MST radar inAlaska with height and 
time resolutions of 2.25 km and i 
height range from 4 to 20 kr,’ 
data were derived from rad 
Fiarbanks, Alaska. (From Eck 





limits of available inforihation, this 
process of ‘over-reflection’ could be 
observed by the Jicamarca radar!®, 

Another process closely related to over- 
reflection is the Kelvin-Helmholtz (K—H) 
instability: in regions of strong wind shear, 
small perturbations in the meteorological 
noise may grow exponentially with time 
and rise far above the initial noise level. 
The horizontal phase velocity of: the 
resulting wave matches the wind speed 
somewhere within the shear region so that 
there is again a critical level providing 
energy transfer from the wind to the wave. 
In the upper troposphere, polar front jet 
streams have strong shears and thus act as 
gravity wave sources via the K-H 
mechanism!'-!3. Oscillations of theline-of- 
sight velocity at several heights which were 
generated by the K-H mechanism at the 
bottom side of a jet stream are shown in Fig 
1. The amplitude varies strongly with 
height and has two maxima near Sand 6 
km, whereas the phase is almost constantin 
the lower and upper regions. The critical 
level isat 5.54 km andis characterized by a 
marked amplitude minimum and a rapid 
phase change with height. 

Gravity waves have horizontal waye 
lengths froma few kilometres up to a few 
100 km and thus cannot be resolved on the 
grid scales of. forecasting and: general 
circulation «models: Since they. playan 
essential part in’ the redistribution of 
momentum and energy from large-scale to 
small-scale atmospheric motions, are 
methods have. to. be developed. t 


parameterize their effects i intermsof pen 
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scale motions. This task requires, among 
other things, research on the synoptic 
variability of gravity waves. An important 
step in this direction has recently been 
taken by Ecklund ef al, 5 who used part of 
the yet unfinished Poker Flat MST radar in 
Alaska to demonstrate that gravity wave 
activity is strongly controlled by 
propagating planetary waves. Whenever 
intense baroclinic zones moved across the 
radar site, the power of the gravity wave 
spectrum at tropospheric heights increased 
significantly. Intense baroclinic zones in 
turn are associated with strong winds and 
wind shears pointing towards K~H 
instability as a major source mechanism. 
Figure 2 shows the variation of the square 
root of the gravity wave spectral power 
along with the mean vertical wind shear for 
a period of 34 days indicating a good 
correlation between both quantities. This 
strongly suggests that K-H instabilities 
affect the life expectation of synoptic 
disturbances by continuously borrowing 
from their energy and momentum budgets. 

Future applications of MST radars will 


X-ray laser obtained by pumping 


be directed towards more intensive studies 
of sources and sinks of gravity waves and 
their interaction with large-scale and small- 
scale atmospheric motions. Preliminary 
investigations during thunderstorms 
indicate, for example, that fast-rising air 
parcels in cumulus clouds can penetrate 
through the tropopause into the con- 
vectively stable stratosphere, thereby 
exciting a broad spectrum of gravity 
waves}, At heights below 100 km, genesis 
of turbulence is probably the most 
important. wave sink besides absorption at 
critical levels. Radar observations show 
that strong bursts of turbulence arise 
1, Woodman, R.F. & Guillén, A. J. atmos. Sei. 34, 493 
(1974), 
. Green, J.L., Warnock, LM., Winkler, R.H. & VanZandi, 
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4. Baisley, B.B., Ecklund, W.L., Carter, D.A. & Johnston, 
PLE, Radio Sei, 45, 243 (19803, 
. Gordon, W.E., Bowhill, S.A., Evans, J.V. & VanZandt, 
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Pap. for the 1978 Summer Study Programs of the National 
Academy of Science Committee on Solar~Terrestrial 
Research, Rice University, Texas (1978), 
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with a nuclear bomb? 


from Peter Knight 


RUMOURS have been buzzing around the 
laser community for some months that an 
X-ray laser has been made to work by a 
group led by George Chapline of Lawrence 
Livermore National Laboratory. Initial 
reports in the February 23 issue of Aviation 
Week and Space Technology (stressing 
military applications) have been followed 
by notes in the April and May issues of 
Laser Focus that the Livermore group 
tested a device pumped by a small nuclear 
bomb at the DoE Nevada Test Site and 
produced a pulse of severa! hundred tera- 
watts of X rays at 1.4 nanometres. So far no 
official comment or confirmation has been 
made by the Livermore. As the corres- 
pondent of Laser Focus points out, 1.4 
nanometres corresponds to the Ka line of 
neon. Early reports that nanosecond pulses 
were produced seem unlikely since such a 
device would probably operate as a single- 
pass self-terminating amplified spon- 
taneous emission system limited at least by 
the picosecond upper state lifetimes. 
Picosecond or femtosecond pulse lengths 
would be more reasonable. The rumoured 
experiment has attracted much interest and 
a full account is eagerly awaited. Past 
efforts in this field have not survived 
careful scrutiny. Since a nuclear bomb is 
necessary in the present case, it seems 
difficult to check by independent 
experiment. 

It is very difficult to create the right 
conditions for X-ray laser action. No 
mirrors are envisaged and single-pass gain 
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must be high enough that spontaneous 
fluorescence is efficiently amplified by 
stimulated emission during its transit down 
a rod-shaped inverted medium. A gain of 
about 100 dB is required according to G. 
Chapline and L. Wood (Physics Today 
June 1975, p.40) and this requires inversion 
densities N*> (Av/L) x 10!8cm? where Av 
is the bandwidth in electron volts and L is 
the length of the inverted medium in 
centimetres. ‘Cold matter’ has an Auger 
bandwidth Av ^ 1 eV and enormous pump 
intensities are required to reach such large 
values of N*. Ina plasma, Avis governed by 
Stark widths and then N* > 5 x 10!9/L 
cm? which requires fractional inversion 
N*/N N 103. If pump intensities are such 
that N*/N< 103, then one way out is to use 
material of more than solid density 
obtained through some compression 
scheme. It is interesting to note in this 
context that the Livermore experiment was 
supposed to be pumped by a nuclear bomb. 

Many schemes for producing X-ray 
population inversion have been studied. 
Most use very high-power laser excitation 
of plasma targets. Promising results using 
this route have been reported by workers at 
the University of Hull (D. Jacoby er al. 
Opt. Commun, 37; 193, 1981) with the 
Balmer a line of Carbon VI at 182A. An 
early proposal due to M. Duguay and P. 
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whenever a gravity wave generates con- 
vectively unstable regions'*. Such bursts 
are probably identical with clear air 
turbulence that occasionally. threatens 
aircrafts. In considering the stability of 
gravity waves we arrive at the problem of 
parametric instabilities. Waves with finite 
amplitudes so small that shear or con- 
vective instabilities do not occur should 
enhance a spectrum of disturbance waves 
by their rocking motions (like the 
excitation of a swing by a child). This is one 
of a variety of nonlinear gravity wave 
processes awaiting their discovery by MST 
radar experiments. E 
7, Rastogi, P.K. & Bowhill, S.A. J, atmos. terr. Phys, 38, 
51 (1976). 
8. Rister, R., Rottger, J. & Woodman, R.F. Geophys, Res. 
Lett, $, 555 (1978). 
9. Fukao, S., eral. J. geophys. Res. 84, 4379 (1979). 
10. Klostermeyer, J. & Liu, C.H. Geophys. Res. Lett. 6, 307 
(1978). 
Wl, VanZandt, T.E., Green, J.L., Clark, W.L. & Grant, FR. 
Geophys, Res. Lett. 6, 429 (1979). 
12. Klostermeyer, J. & Riister, R.J. Geophys. Res. 85, 2841 
(1980), 
13. Réttger, J. Pageoph 118, 494 (1980). 
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Rentzepis (Appl. Phys. Lett. 10; 350, 1967) 
Suggested exploiting the frequency 
dependence of photoionization cross- 
sections to produce inversion. Tightly 
bound electrons are actually more easily 
photoionized by X rays than weakly bound 
electrons, so that an incident high-intensity 
flash of X rays could produce population 
inversion by leaving ions in excited states. 
Conventional X-ray sources are not bright 
enough to achieve the required gain. It is 
possible that nuclear explosions can 
produce the required rapid inversion and 
one might guess that this was used in the 
Livermore experiment. 

The properties of coherent X-ray sources 
are so valuable that great efforts are being 
made to construct a useful X-ray laser 
device. If one were available, phase- 
contrast microscopy would make atomic- 
scale resolution of the dynamics of 
biological systems in situ possible, could 
solve the phase problem in X-ray crystallo- 
graphy and lead to the study of atomic 
dynamics with ~ 10° second resolution. 
The nuclear bomb-pumped single-shot 
X-ray laser would be of value in scientific 
diagnostics but would not seem to be a 
route to a useful device. Nevertheless, it 
does represent an invigorating advance 
which might help in obtaining funds to 
continue the expensive investigation of 
potential X-ray laser systems. We will have 
to wait for more details than the leaked 
rumours before a proper assessment can b 
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More surprises from mitochondria 


from Thomas D, Fox 


MITOCHONDRIAL GENETICS began in the 
1940s with the work of Boris Ephrussi on 
cytoplasmic petite mutants in yeast 
(Saccharomyces cerevisiae); these petites 
(which have extensive deletions of 
mitochondrial (mt)DNA) still figured in 
many reports at a recent Cold Spring 
Harbor meeting on ‘Mitochondrial Genes’ 
held in his memory. However, the study of 
mitochondrial genes, with or without 
genetics, has now been extended to a wide 
range of organisms. Some patterns are 
beginning to ‘emerge. from the com- 
parisons, and some are not. Tosum up, one 
might say that the functional proteins 
produced by mitochondrial genetic systems are 
generally highly: conserved, while the 
structure, coding and modes of expression 
of .the genes. that specify them are 
astonishingly different in the various major 
groups of eukaryotic species. 

Although: yeast has long been the 
favourite organism for mitochondrial 
genetic studies, the best characterized 
mitochondrial: genomes are now those of 
mammals. The complete human and 
bovine me INA: sequences (S. Anderson, 

a ge) and an analysis of 
m the human organelle (G. 
lift Institute of 
ogy) were teviewed. These studies 
iment on them recently appeared 
‘in Nature 290, April 9, 1981 and little new 
was left to report at the meeting. In brief, 
these geonomes — are.highly compact, 
> containing virtually no intergenic 
DNA andino intervening sequences within 
genes. Discrete transcripts appear to be cut 
from: long. precursors, generally at sites 
‘marked’ by tRNAs, and have little or no 
untranslated’sequence at either end. There 
is probably only a single promoter for 
transcription of each strand. The genome 
codes for five proteins of known function 
and up to eight unknown proteins appear 
to be coded by unidentified reading 
frames, or URFs. The identity and 
function of the URF polypeptides remains 
one of the major unanswered questions in 
this system. 

A comparison of the genomes of yeast 
and mammals reveals very little similarity 
except for the deduced amino acid 
sequences of the five identified proteins. 
The yeast genome is anything but compact, 
with large A+ T-rich regions between 
genes. Unlike the orderly process of 
mtDNA replication in animals, involving 
well defined start and even stop signals (D. 
Clayton, California Institute of 
Technology), there appear to be multiple 
origins of replication for yeast mtDNA (G. 
Bernardi, University of Paris; H. Blanc, 
Stanford University). Duplication of these 
origins may have helped generate the 








A+T-rich DNA since Bernardi finds that 
origin-like sequences occur in these regions 
more often than expected randomly. Like 
replication, transcription is also more 
complex in yeast than in mammals, 
involving not only processing but multiple 
promoters as well. Independent primary 
transcripts, retaining di- or tri-phosphate 
5‘ ends, can be detected for the regions 
coding the large and small rRNAs, and 
from at least four other sites around the 
genome (D. Levens, University of 
Chicago). 

A yeast mitochondrial gene required for 
the synthesis of mitochondrial tRNAs has 
been identified and mapped (N.C. Martin, 
University of Texas, Dallas). The gene 
product is unknown, but is active in petites 
(which lack mitochondrial protein 
synthesis) and thus cannot be a protein. A 
plausible hypothesis here is that a 
mitochondrially coded RNA interacts with 
a cytoplasmically made protein, imported 
into the mitochondria, to form an enzyme 
(similar to RNaseP of E. coli) that 
processes mitochondrial tRNA precursors. 
A converse problem, that of a gene product 
in search of a gene, also arises in yeast, 
namely, where is the gene for the var-] 
polypeptide (see Nature 289; 119, 1981)? 
Although mitochondrially inherited 
genetic determinants cause polymorphic 
variations in this mitochondrially 
synthesized ribosomal protein, no 
structural gene can be found in yeast 
mtDNA (R.A. Butow, University of 
Texas, Dallas). 

Several yeast mitochondrial genes 
contain introns, and intron-2 of the 
cytochrome b gene (cob) appears to code 
for a protein, termed maturase, which is 
required to splice out the intron itself (see 
Nature 289; 439, 1981). Studies on intron-4 
of cob have revealed a similar, but rather 
more complex picture. First, mutations in 
this intron can block the processing not 
only of cob transcripts, but also those of 
the mitochondrial gene coding cytochrome 
oxidase subunit I. Second, several new 
polypeptides appear in intron-4 mutants, 
although only one seems to be directly 
affected by a mutation in the open reading 
frame (H. Mahler, Indiana University). 
Finally, there are cis-dominant mutations 
both in the intron’s open reading frame 
and in the non-translatable region 
preceding the next exon (C. Jacq, CNRS 
Gif). However, one can avoid dealing with 
these complications if one simply makes 
them disappear. P. Pajot (CNRS Gif) has 
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done just that by isolating a spontaneous 
mutant in which cob introns 4 and 5 were 
both deleted, but which still made 
functional cytochrome b. This indicates 
that both introns were very precisely 
excised; where they went is unknown. 
Furthermore, owing tc a nuclear mutation 
that occurred simultaneously with the 
intron deletions, cytochrome oxidase 
subunit I is made despite the absence of cob 
intron-4! 

Two features of the Aspergillus nidulans 
mitochondrial genome ate particularly 
revealing when compared with those of 
yeast and mammals (R.W. Davies, 
University of Essex), First, the cytochrome 
b gene.of Aspergillus nasa single intron, 
whose position corresponds almost exactly: 
to intron-3 of the yeast cob gene, and 
whose anatomy closely resembles that.of 
the ‘maturase-coding’ intron-2 of cob: it 
has an open reading frame in register with 
the preceding exon, followed by a short 
untranslatable region. Thus mitochondrial 
intron splicing mechanisms may be 
conserved, at least in fungi. Of even more 
interest to humans. is ‘the fact that 
Aspergillus mtDNA has:two open reading 
frames which would code: for. proteins. 
homologous to the URF-1 and URF-4 
proteins coded by the mammalian genome. 
This finding indicates that. these 
polypeptides are conserved beyond the 
animal kingdom, and raises the possibility 
of examining their function by genetic 
analysis in fungi. It also begs the question, 
where are these genes in yeast? Extensive 
sequence studies in yeast by A. Tzagoloff 
and co-workers (Columbia University) 
have not located them, and the prospects of 
doing so appear bleak. Are they in the yeast 
nucleus? 

That genes have moved between the 
mitochondria and the nucleus is well 
established by the case of the ATPase 
subunit 9 gene, which is mitochondrial in 
yeast but nuclear in Newrospora crassa (see 
Tzagoloff etal. A, Rev. Biochem. 48; 419, 
1979). Tha tmoving genes may leave tracks 
has now been demonstrated by the finding 
that the Neurospora mitochondrial 
genome nevertheless’ contains what 
appears to be a pseudo-gene for ATPase 
subunit 9: a homologous sequence with.an- 
in-frame ‘stop codon and a region .of 
gibberish in the middle(van den Boogaart; 
State University, Groningen). has 

The mitochondria of higher plants: have: 
large genomes (greater than 100 kilobases), 
synthesize more proteins than their fungal 
counterparts; and in some cases also: 
contain linear plasmid molecules whose 
presence is associated with cytoplasmmically: 
inherited. male sterility of the plants. 
Detailed analysis of plant mtDNA will be 
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accelerated by the fact that defined probes 
for yeast genes can be used to pick out 
homologous sequences by cross- 
hybridization (C.J. Leaver, University of 
Edinburgh). Protozoan parasites, yet more 
distant relatives of yeast, must also have 
homologous mitochondrial genes because 
yeast mtDNA coding for three cytochrome 
oxidase subunits and for cytochrome b 
gave specific signals when hybridized at 
low stringency to fragments of the 
kinetoplast maxicircle DNA from 
Leishmania tarantolae (L. Simpson, 
University of California, Les Angeles). 

One aspect of genetic systems that is not 
supposed to evolve, the genetic code, 
apparently does so in mitochondria. 
Several differences exist between the codes 
used in mitochondrial genes of mammals 
and yeast (see Nature 287; 9, 1980). The 
only feature common to them (and to 
Neurospora and Aspergillus) but not to 
nuclear genes is the coding of tryptophan 
by UGA. However, it now appears that the 
use of UGA for tryptophan may not even 
be ‘universal’ for mitochondria, as the 
gene coding maize cytochrome oxidase 
subunit I] does not contain UGA codons 
(T.D. Fox, Biocenter, Basel). Instead, the 
maize gene appears to use the codon CGG 
for tryptophan, in addition to the standard 
UGG. 

Another established coding novelty in 
mitochondria is the ability of a number of 
single tRNA species with U in the wobble 
position to read all four codons in a family 
(Nature 287; 9, 1980). Several tRNAs, 
however, whose gene sequence predicts U 
at the wobble position, read only codons 
ending in A or G. In Neurospora, this 
dilemma is apparently resolved by a 
modification of the U in those tRNAs with 
restricted pairing (Heckman et al. Proc. 
natn. Acad. Sci. U.S.A. 77; 3159, 1980). 
While similar modified U residues have 
now been found in the corresponding 
tRNAs of yeast (R.P. Martin, CNRS 
Strasbourg), the mammalian systems must 
use another method to restrict pairing as 
direct tRNA sequencing has revealed no 
modified U residues at the wobble position 
of mammalian mitochondrial tRNAs (5. 
Anderson, MRC Cambridge). 

Not only the evolution of mitochondria 
themselves was discussed at the meeting, 
but also the use of mitochondrial studies to 
trace the evolution of the organisms in 
which they reside. Since the evolutionary 
rate of base pair substitutions in the 
mtDNA of vertebrates is approximately 
ten times that in nuclear DNA (Brown et al. 
Proc. natn, Acad. Sci. U.S.A. 76; 1967, 
1979), mtDNA provides a unique high- 
resolution tool for examining relationships 
among animals whose divergence times are 
relatively short. For example, a 
comparison of the DNA sequences of 
homologous regions of mtDNA from 
humans and four great apes allows: the 
derivation of an evolutionary tree more 
firmly rooted in data (over 300 base pair 
substitutions) than has hitherto been 
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possible (W.M. Brown, University of 
Michigan). Studies of mtDNA restriction 
map polymorphisms within our own 
species indicate that Homo sapiens 
probably arose from a small group of 
individuals as recently as 130,000 years 
ago, although an anomalous restriction 
pattern from a single individual has led to 
speculation that ‘non-sapiens’ 
mitochondrial genomes could still be 
present in modern human populations 
(R.L. Cann, University of California, 
Berkeley). 

Somewhat lost in the discussion of 
mitochondrial genes was the fact that their 


expression must be largely under the 
control of nuclear genes. This point was 
brought home forcefully by the description 
of several nuclear mutants of Neurospora 
which fail to splice the intron from the large 
mitochondrial rRNA precursor (A.M. 
Lambowitz, St Louis University), and a 
nuclear mutant of yeast that specifically 
lacks any detectable transcripts of the cob 
gene (C. Dieckmann, Columbia 
University). Much more activity in this area 
can be expected in the future, and the fungi 
will again probably lead the way — at least 
until the complete sequence of the human 
nuclear genome becomes available. g 


A golden age of astronomy 


from Ben Zuckerman 


Tue latter half of the 20th century is one of 
the two golden ages of astronomy. This has 
primarily been a result of the opening up of 
new wave bands that extend over the entire 
electromagnetic spectrum, Excitement 
should continue with major technological 
advances anticipated in construction of 
new telescopes with larger collecting areas 
and improved spatial resolutions. The 
latter was emphasized at a meeting* 
entitled the ‘‘Scientific Importance of High 
Angular Resolution at Infrared and 
Optical Wavelengths”. 

The fundamental problem in achieving 
high angular resolution with ground-based 
telescopes is, of course, posed by the 
atmosphere of the Earth which distorts and 
distends the diffraction-limited images of 
all large telescopes at visual and near- 
infrared wavelengths. Currently, there are 
three main techniques for achieving high 
angular resolution. A. Labeyrie (Centre 
d'Etudes et de Recherches Geodynamiques 
et Astronomiques) reviewed the field of 
speckle interferometry. The application of 
this technique to optical and infrared 
astronomy has been pioneered by himself 
and his French colleagues. C. H. Townes 
(University of California, Berkeley) 
discussed multiple telescope 
interferometry in the infrared emphasizing 
the heterodyne technique that he and his 
research group have developed. The third 
technique, Michelson interferometry, has 
been utilized, in the optical, by D. Currie 
(University of Maryland) and, in the 
infrared, by D. McCarthy, R. Howell and 
F. Low (University of Arizona). 

The best angular resolutions achieved to 
date are due to the CERGA group who 
have been operating a 35-m baseline 
interferometer in southern France and 
observing fringes with a photon-counting 
TV camera which integrates every 20 
milliseconds. This system has measured 
stellar angular diameters and binary star 


annasa Att CNLCCCCCT CNC 


*The meeting was held a! the new headquarters of the European 
Southern Observatory in Munich from March 24 to 27. 


separations as small as 1 milli-arcsecond. A 
new 350-m baseline optical interferometer 
with novel concrete support structures for 
damping flexures may be operating at 
CERGA within a year’s time, Baseline 
flexures at a level of only a few microns can 
obliterate the fringes. Because of phase 
jitter due to the atmosphere, the faintest 
object measureable with such an 
interferometer is about 10° times brighter 
than could be studied with a space 
interferometer of equal size. D. Dravins 
(Lund Observatory) described a proposed 
ground-based optical interferometer that 
would have substantially longer baselines 
— up to 100 km — capable, in principle at 
least, of achieving micro-arcsecond 
resolution. This would be a digital version 
of Hanbury Brown’s intensity inter- 
ferometer which has successfully measured 
angular diameters of bright, hot stars at the 
milli-arcsecond level. Here the signals from 
separate telescopes are mixed after 
detection rather than before as in all the 
other techniques mentioned above. 
Speckle interferometry attempts to 
compensate for distortions due to 
atmospheric fluctuations by very short 
exposures that ‘freeze’ the image in a time 
interval that is shorter than the 
characteristic time scale of these 
fluctuations. An alternative approach to 
that of speckle interferometry is active 
optics. J.W. Hardy (ITEK) described how 
the figure of the primary or secondary 
mirror is actively controlled on a time scale 
that matches atmospheric changes and, 
also, distortions in the telescope. figure 
induced by variations in gravity. or 
temperature. J. E. Nelson (University of 
California, Berkeley) described a 
University of California design for a 10-m:-. 
diameter segmented hexagonal primary 
mirror. The 36 segments, each 1.8-m in 
diameter, would be controlled by 168 
displacement sensors, 3 tilt sensors and 108 
pc area ee a ei lace a al 
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displacement actuators. Townes pointed 
out that modern telescopes are already so 
complicated that these actuators do not 
represent a great increase in complexity. 

Among the highlights of the meeting 
were discussions of unusual galaxies such 
as quasars and Seyferts by M. J. Rees 
(University of Cambridge) and by the 
chair-person of the scientific organizing 
committee, M. H. Ulrich (European 
Southern Observatory). Rees considered 
how measurements of the shape, location 
and fine structure of a quasar imaged by a 
foreground gravitational lens could be 
used to deduce the distribution of mass in 
the lens. In the most likely case where the 
lens is a massive galaxy, angular fine 
structure. in. the quasar image on a scale 
ranging from one arc second down to one 
micro-arcsecond could be used to 
distinguish mass contributions in the lens 
that range between. entire galaxies and 
single stars. Since there is, at present, 
roughly <70: orders of magnitude 
uncertainty: in the mass of the paramount 
contributor to the unseen mass in galaxies 
(ranging all the way from massive 
neutrinos to million solar mass black 
holes), such > measurements are of 
considerable interest. 

Finally, there was discussion of the 
future of large telescopes and, specifically, 
whether large single apertures (up to 10- or 
15-m diameter) are preferable to somewhat 
smaller telescopes operating as an 
interferometer. As’might be expected, no 
consensus was achieved. R. Angel 
(University of Arizona) lamented that the 
Multiple Mirror Telescope on Mt Hopkins 
in Arizona is the first real technological 
innovation in 50 years in optical 
astronomy. But it seems clear, from the 
impressive results already achieved by the 
CERGA group and others and by the range 
of novel proposals presented at the 
conference, that high angular resolution 
ground-based and space-based optical and 


i 


infrared astronomy has a bright future. © 


From embryo toteratocarcinoma 


in tissue culture 


from Brigid Hogan 


MOUSE teratocarcinomas are well 
established as a versatile model system for 
the study of gene expression and ‘cell 
interaction during early mammalian 
embryogenesis. In culture, aggregates of 
the pluripotent stem cells, known as 
embryonal carcinoma (EC) cells, 
differentiate into embryoid bodies 
resembling the inner cell mass of the early 
mouse embryo. At first, these structures 
consist simply of an outer layer of 
endoderm surrounding a solid core of 
epiblast (or primitive ectoderm) cells, but 
many subsequently develop a quite 
complex organization, with various tissues 
derived from endoderm, ectoderm and 
mesoderm, However, the most dramatic 
evidence for the ability of EC cells to 
differentiate in an orderly and coherent 
sequence is undoubtedly their behaviour 
when injected into normal mouse 
blastocysts. Here, the cells integrate with 
the host inner cell mass and in the course of 


i:development may contribute towards most 


tissues of the chimaeric offspring. 
Impressive as these results are, the degree 
of chimaerism obtained after injecting EC 
cells is unpredictable, to say the least. With 
some cell lines, the probability of an EC cell 
differentiating into normal tissues is very 
low, and cells which fail to do so may give 
rise to tumours, With other cell lines, the 
frequency and extent of chimaerism is 
much higher, although still unpredictable, 
and only in few tissues is the contribution 
more than 50 per cent. One of the most 


Brigid Hogan is in the Mammalian 
Development Laboratory, Imperial Cancer 
Research Fund Laboratories, Mill Hill, 
London. 


celebrated chimaeras was ‘‘Terry Tom’’, a 
mouse in which nearly all tissues, including 
sperm, were populated by derivatives of 
EC cells of the OTT 6050 line, which had 
been maintained in thelaboratory for more 
than 8 years as an ascites tumour'?. The 
prospect of generating more mice like 
Terry Tom, carrying germ cells derived not 
only from standard EC lines but also from 
teratocarcinoma cells selected in vitro to 
carry specific mutations, or new DNA 
sequences, ideally inserted: into specific 
chromosomes, has inspired an immense 
amount of effort. 

One of the ultimate goals of this work is 
to engineer strains of mutant mice which 
can act as models for human genetic 
diseases’, so male mice, which can transmit 
chromosomes to large numbers of 
offspring, are particularly prized. But, in 
spite of the fact that EC cells carrying 
specific nuclear or mitochondial 
mutations’, human? or rat chromosomes, 
or foreign DNA‘ have been generated and 
in some cases injected into blastocysts and 
incorporated into chimaeric offspring, the 
colonization of the male germ line remains 
elusive. One reason for this is undoubtedly 
the fact that all the established EC lines so 
far used for genetic manipulation have an 
XO karyotype — that is, they have lost the 
Y chromosome during prolonged culture. 
For this reason, it would be very useful to 
be able quickly grow new teratocarcinoma 
cell lines from normal male embryos, insert 
genetic material or mutations into them, 
and make chimeras, cither by blastocyst 
injection or by the simpler technique of 
aggregation with monula-stage embryos’. 
Recent successes with nuclear 
transplantation in mouse eggs? may 








100 years ago 
Srupents of Cretaceous geology will regret 
to hear that Griffiths, the well-known 
“fossil man” of Folkestone, has been 
disabled for many months by rheumatism, 
brought on by constant exposure during the 
past twenty-five years, in which he has daily 
extracted from the wet and slippery tract of 
Gault clay in Eastweir Bay the remarkable 
series of mollusca with their pearly nacre 
preserved, plants, corals, crustacea, and 
reptilian remains that ornament not only the 
private collection of those who make the 
Gault a subject of special study, but the 
national museums both of this country and 
of the New World. In addition to collecting 
by far the most perfect specimens of the 
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Gault fauna and flora hitherto obtained, 
Griffiths has rendered an important service 
to science in carefully noting the bed or 
horizon from which each specimen was pro- 
cured, which identification has formed the 
groundwork of the divisions which English 
geologists have been able to make in the 
Gault, and the correlation of these zones by 
M. Barrois and others with deposits 
occurring on the Continent. In con- 
sideration of these results, carried out by a 
working man under the difficulties of a 
struggle for life with circumstances, and the 
rigorous weather of the English Channel 
coast, it has been thought advisable to 
appeal to English geologists to raise a small 
fund which should render it unnecessary for 
work to be carried on when dangerous to 
health, and to tide him over present 
difficulties. 


The evening féte of the Royal Horti- 
cultural Society was held onthe 28th ult. in 
the Gardens at South Kensington. Coloured 


lamps were disposed about the lawn, and 
here and there the cool plash of fountains 
was to be heard. The Siemens and Maxim 
electric lights were placed in the upper part 
of the Gardens, and in the lower part were 
two tents illuminated by the Brush electric 
light, and containing the plants of a flower- 
show, which continued next day. Brilliant 
effects were obtained with coloured fires 
behind the trees and the spray of the. 
fountains. 


There was recently landed at Marseilles a 
magnificent zebra which the King of Choa, 
Menelick Il, has sent as a present to the 
President of the French Republic. This 
zebra, called the Semephore, has been 
brought from Abyssinia by two Marseillais. 
The Société de Géographie, fo which if was 
addressed from Aden, has intrusted it to the 
Marseilles Zoological Garden. 


From Nature 24, 224-226, July 7, 1881. 
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eventually make it possible to obtain mice 
in which all the genetic information comes 
from one teratocarcinoma nucleus. 

Until now, however, isclation of new 
teratocarcinoma cell lines has been a 
lengthy procedure involving trans- 
plantation of genital ridges or early 
embryos into extra-uterine sites such as the 
kidney or testis. In this environment 
pluripotent cells in the graft continue to 
grow and may give rise to tumours 
containing populations of EC cells which 
can be maintained during serial 
transplantation and then tissue culture. 
These techniques restrict work to inbred 
strains of mice since, for unknown reasons, 
tumours containing EC cells fail to develop 
from grafts into nude or immuno- 
suppressed animals’, 

Over the years, many attempts have been 
made to circumvent these restrictions by 
generating EC cell lines from embryos 
cultured in vitro. Now, Martin Evans and 
Mat Kaufman in Cambridge have at last 
been succesful (see this issue of Nature 
p.154). Studies in several laboratories 
suggest that EC cells have more 
biochemical properties in common with 
epiblast cells in the inner cell mass of 
5\4-day blastocysts around the time of 
implantation, than with pluripotent cells 
present earlier or later. Normally, the 
number of epiblast cells is small but this 
increases when implantation is delayed by 
treating the mother with hormones. Evans 
and Kaufman collected batches of delayed- 
implantation blastocysts, allowed them to 
attach and spread in vitro, harvested the 
embryonic knobs containing the epiblast 
cells, dissociated them in trypsin and plated 





from Paul Davies 


BLACK HOLES, it seems, get into 
everything these days. Jacob Bekenstein 
who, along with Stephen Hawking, 
invented quantum black holes, turns his 
attention to the more practical issue of 
telegraphy in a recent paper (Phys. Rev. 
Lett. 46; 623, 1981). In the spirit of 
Shannon’s celebrated analysis of the 
limits on information transfer through a 
communication channel, Bekenstein 
deploys some remarkable arguments 
gleaned from his experience with more 
astronomical matters. 

The basis of this new departure is an 
unexpected relation, recently published 
by Bekenstein himself, connecting the 
ratio of entropy to energy for any 
physical system, with its physical size. 
The ratio is bounded by the dimension of 
the system, whether it be a black hole (an 
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The ultimate computer 


the cells on a feeder layer of non-dividing 
fibroblasts. After a few days clumps of EC- 
like cells were located, dissociated and re- 
seeded, and several cycles of such 
treatment yielded cultures containing 
predominantly undifferentiated EC cells. 

The trick seems to be to provide 
conditions in which the pluripotent cells in 
the embryos are both encouraged to 
proliferate, either in response to growth 
factors made by themselves or the feeder 
fibroblasts, and discouraged from 
differentiation by disrupting cell-cell 
interactions. Using this technique Evans 
and Kaufman have isolated at least 15 new 
pluripotent teratocarcinoma cell lines, 
some from outbred mouse stocks. Those 
which have been analysed have a 
completely normal karyotype, including 
two with an XY genotype. It remains to be 
seen whether these new teratocarcinoma 
lines are particularly efficient at colonizing 
normal embryos and, in particular, the 
male germ line. Meanwhile, the technique 
opens up many exciting possibilities for 
exploiting the teratocarcinoma system 
more fully. For example, EC cells could be 
isolated from mouse strains carrying elec- 
trophoretic variants of X-linked enzymes, 
or from T/t mutants blocked in post- 
implantation development, and the 
biochemical properties of these cells 
followed during the in vitro development 
of mass cultures as embryoid bodies. 

One criterion used by Evans and 
Kaufman to identify their teratocarcinoma 
stem cells is expression of a specific, cell- 
surface carbohydrate sequence recognized 
by one of the monoclonal antibodies made 
in humans suffering from a rare haemolytic 


extreme case) or a box of photons, Using 
the fact that information is the negative 
of entropy, Bekenstein turns his new 
relation inside out to address the problem 
of energy limitations on information 
transfer. 

The transmission of information is 
expensive, as every telephone subscriber 
knows. The pressing question is whether 
the energy dissipation can, in principle, 
be arbitrarily reduced by some future 
technological innovations. Bekenstein 
says no, even if you try to get the theory of 
relativity to help. His result is disarmingly 
simple: 
information rate =(2/h In 2) x energy 
where A is Planck’s constant. 

Turning to an obvious application, 
Bekenstein considers the maximum 
conceivable speed of a digital computer. 
These days computers are so fast that 
designers have to worry about the speed 
of light being a limiting factor. We are 
already in the era of the relativistic 
computer. To beat the speed of light one 
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disease known as ‘cold agglutinin disease’. 
These people make antibodies against 
different, chemically defined, carbohyrate 
domains of the li blood group antigens. 
The antibodies have been used by Ten Feizi 
and her colleagues at the Clinical Research 
Centre in London and Martin Evans in 
Cambridge as highly specific probes with 
which to follow the transient expression of 
carbohydrate sequences on the surface of 
different cell population during early 
mouse development!®. These studies have 
now been extended by Gooi and the above 
workers (see this issue of Nature p.156) to 
define the carbohydrate sequence 
reconized by a monoclonal antibody 
SSEA-1 raised in mice immunized with 
teratocarcinoma EC cells!'! and to show 
that simple glycosylation steps involving 
addition of branch points or extra fucose or 
sialic acid groups occur at different stages 
of development. The significance of these 
subtle changes in terms of cell interactions, 
binding of hormones and growth factors, 
or morphogenesis remains to be seen. 
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can try to make the device smaller, but 
then quantum theory threatens. 
Ultimately an over-compact computer 
risks imploding under gravity down its 
own black hole. 

In a somewhat rule-of-thumb analysis 
Bekenstein considers the problem of 
computer overheating. There is an inevit- 
able entropy generation involved in 
shunting any information around, and in 
the end this will melt the system unless it is 
efficiently cooled, The author considers 
various cooling mechanisms and their 
inherent limitations, and eventually 
comes up with the best performance 
criterion for the ideal computer: 10!° 
operations per second. 

That is pretty fast by contemporary 
standards, so Bekenstein’s limit will not 
cause too many sleepless nights in the 
computer industry just yet. Nevertheless, 
an ultimate bound on any form of 
technology is intriguing in its own right, 
and it would be interesting to see whether 
the idea is followed up. 
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The nature of human evolution has been viewed recently as a specific example of a more general model 
of evolution termed ‘punctuated equilibrium’. The characteristics of this model are long pe ds of little 
or no evolutionary change (stasis) interspersed with periods of rapid (punctuated) m rphological 
change. Careful analysis of the hominid fossil record over the past 4.0 million years, however, suggests 
no well documented examples of either stasis or punctuation. The evidence for the evolution of the 
hominid lineage is most reasonably interpreted by a model of more gradual change with periods of 








varying rates of evolution. 





THE evolution of populations through time occurs by changes in 
the constitution of the gene pool. The traditional viewpoint has 
been that most of the change along lineages is cumulative and 
gradual. This hypothesis of ‘phyletic gradualism’’, proposes that 
if a complete fossil ‘record of an evolving lineage were to be 
found, it would consist:of a finely graded series of forms pro- 
gressively more similar through time to descendent species and 
less and less similar to ancestral species. The temporally inter- 
mediate forms would be intermediate morphologically. The fact 
that morphological gaps appear between ancestral and descen- 
dant populations is a function of the imperfect nature of the 
fossil record. ` 

This view of evolution has recently been questioned. It has 
instead been suggested that a substantial fraction of evolu- 
tionary change is concentrated in rapid bursts of speciation 
events. In the intervening periods most species exhibit slow, 
little, or no change at the morphological and genomic levels. The 
proponents of this theory suggest that phyletic gradualism plays 
very little part in the evolution of character states. The gaps in 
the fossil record are real and are the outcome of very rapid 
change from one form to another, thus leaving few or no 
intermediates in the fossil record. Speciation events occur in a 
short period of time, predominantly in geographically marginal 
populations with small effective breeding sizes. Thus the geolo- 
gical record is unlikely to preserve such saltations. This view of 
evolution has been termed punctuated equilibrium, or rectan- 
gular evolution. 

Recently Gould and Eldredge’ have argued that “a punctua- 
tional view of change may have wide validity at all levels of 
evolutionary processes” and have cited human evolution as a 
particularly good example of punctuated equilibrium. They 
state that “no gradualism has been detected within any hominid 
taxon, and many are long ranging”. 

It is our intention in this review to show that with more fossil 
evidence and better dating techniques than in the past, one can 
clearly demonstrate directional morphological change. There 
are fossils that appear clearly intermediate in form and time 
between recognized fossil hominid taxa. We review all the 
examples put forward by Gould and Eldredge in support of 
punctuated evolution in hominid evolution and conclude that a 
hypothesis of phyletic gradualism is more parsimonious. 
Furthermore we question the degree to which genetic studies 
support punctuation; changes at regulatory loci or chromosomal 
reorganization may have rapid and pronounced effects on 


phenotype but the commonly observed allozymtic changes 
cannot clearly be related to punctuational events. 


Major stages of hominid evolution 

Largely because of increased sample sizes and better dating (Fig. 
1), there is better consensus than ever before on the major stages 
of hominid evolution through the Pliocene and Pleistocene. We 
will confine ourselves to examining the Plio-Pleistocene 
hominid fossil record for evidence of punctuational change and 
not try to argue for or against the various possible phylogenetic 
trees presented in Fig. 2. 

The origin of the hominid family is a topic of continuing 
research. The hominid fossil record is largely nonexistent before 
4 million years ago (4 Myr) and it is therefore uncertain how 
Pliocene hominids and Miocene hominoids are related’*. The 
lack of Upper Miocene to Pliocene fossils precludes detailed 
discussion of absolute rates of evolutionary change. Biomolecu- 
lar results indicate a date of 4-6 Myr for the pongid~hominid 
split’. 

The earliest good sample of undoubted hominids comes from 
the Laetolil Beds of Tanzania”, dated at between 3.5 and 3.8 
Myr, close to the putative hominid—pongid separation predicted 
by macromolecular evidence. These and later samples from 
Hadar?’ and early parts of the Omo sequence” in Ethiopia, and 
from Makapansgat, Sterkfontein and perhaps Taung in South 
Africa’’, dating from approximately 3 to ever 2 Myr, comprise 
the known samples of early gracile australopithecines (Figs 1, 3). 

The earliest appearance of the genus Homo is generally 
considered to have been between 2.2 and 1.8 Myr", Spe- 
cimens attributable to Homo are known from the Lower 
Member of the Koobi Fora Formation”, Olduvai Bed 1°, Omo 
Shungura Members E, F and G”, Swartkrans Member 1°57 
and Sterkfontein Member 5"' in Africa and the Djetis levels 
(Putjangan Formation) in Java™. The African sample has 
generally been referred to as Homo habilis L. Leakey, Tobias 
and Napier 1964, or simply Home sp.”°, while the earliest Javan 
hominids have been referred to as Homo modjokertensis von 
Koenigswald 1936. These two may be morphologically and 
temporally co-terminous™ "7, 

Based on the close congruence in the last appearance of A. 
africanus and the first appearance of Homo, and on the 
morphological continuities seen in the two taxa (Figs 1,3), an 
ancestral—descendant relationship between them has been 


widely, but not unanimously accepted *'****, Opposition stems 
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Fig. 1 Time scale and hominid lineages during the Plio-Pleistocene. Hominid fossils documenting stages along lineages are positioned 

according to their temporal locations. Large degrees of temporal uncertainty are indicated by error bars. The alpine glacial chronology is 

presented because of its historical importance rather than its accuracy. Some of the Choukoutien material may be considerably younger than 
shown here and in Fig. 3. 


from those who believe that late surviving Australopithecus 
africanus or early occurring Homo**** preclude a simple 
ancestral-descendant relationship. Others divide the gracile 
australopithecines’. 

Robust australopithecines were first recovered from the 
South African sites of Kromdraai and Swartkrans. This South 
African group is now referred to as Australopithecus robustus 
(Broom), 1938. The peculiar facial and dental morphology of A. 
robustus led Broom to believe that this hominid represented a 
side branch of human evolution. 

In 1959 the type specimen of another robust hominid was 
discovered at Olduvai Gorge. This hominid, Australopithecus 
boisei, has since been found at other East African localities: 
Beds I, II and IV at Olduvai Gorge”, Peninj (Humbu Forma- 
tion)”, Chesowanja (Chemoigut Formation)’, Lower and 
Upper Members of the Koobi Fora Formation”? and Omo 
Shungura Members E, F, G and possibly H and L'*. 

The earliest appearances of the robust australopithecines in 
- both East and South Africa seem to be at 2 Myr, and they 
persisted as late as 1.0 Myr. 

The actual phylogenetic relationship of the robust lineage is 
widely debated. Some believe that the taxon A. africanus. is 
directly ancestral to robust australopithecines’ (Fig. 2), with the 
former species showing shared derived morphological features 


with the latter taxa. Others believe that this relationship has not 
been clearly demonstrated and that A. africanus provides a 
suitable candidate for a form that gives rise subsequently to the 
contemporaneous lineages Homo habilis and robust australo- 
pithecines’. 

The first remains of Homo erectus were discovered by Dubois 
in 1891. Assigned by him to the genus Pithecanthropus, these 
and subsequent discoveries from Java, China and Africa are now 
classified within the genus Homo**. The morphology of the H. 
erectus material from Choukoutien, China (Fig. 3) was described 
by Weidenreich and this sample has provided the main data on 
the characteristics of this species**°’. Further important 
material has been recovered from Early and Middle Pleistocene 
deposits in Java, Middle Pleistocene deposits in Algeria and 
Early Pleistocene deposits at Olduvai and Koobi Fora”, (Claims 
for the occurrence of this species in the Middle Pleistocene of 
Europe are overly dependent on the parts preserved in the 
various fossils and the characters which are utilized for 
classification—see discussion on the Petralona cranium below.) 
Recent definitions of this species have been provided by Le Gros 
Clark” and, in greater detail, by Howell'°, Most anthropologists 
accept that H. erectus was ancestral to Homo sapiens. Specimens 
often quoted as displaying ‘intermediate’ or ‘mosaic’ characters 
between H. erectus and H. sapiens include Broken Hill and Omo 
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(Kibish) in Africa, Ngandong in Java, and Arago, Vertésszollés 
and Petralona in Europe” (Fig. 3). Other recently discovered 
fossils which may belong to this intermediate category are the 
African Middle Pleistocene specimens from Salé™’, Ndutu??? 
and Bodo*°, However, not all palaeoanthropologists are con- 
vinced that H; erectus is ancestral to H. sapiens™ 7”. 

The term H, sapiens has recently been used to include various 
Middle and Late Pleistocene fossils which can be distinguished 
from H. erectus. Campbell introduced a system utilizing 
subspecific name geographical or temporal sub-groups 
ans , Tightly or wrongly, the subspecies name 
Hs. sapiens ha ome synonymous with anatomically 
modern humans in general. Some palaeoanthropologists have 
preferred the term ‘archaic H. sapiens’ for fossils considered 
more ‘advanced’ than H. erectus but still morphologically dis- 
tinguishable from ‘modern’ H. sapiens** (Fig. 3). Within the 
former category are the ‘Neandertals’, placed by Campbell in 
the category H. sapiens neanderthalensis. Others have defined 
‘Neandertal’ more broadly to include fossils from the Old World 
which they consi ‘o-be ancestral to modern humans 













throughout the Late Pleistocene range of H. sapiens****. Yet 


others have attempted to subdivide the Late Pleistocene 
material using morphological criteria and have delineated 
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‘Neandertals’ as a group supposedly restricted to the earlier 
Late Pleistocene of Europe and western Asia, which can 
apparently be differentiated from penecontemporancous fossils 
from Africa and eastern Asia****”?, The origin of anatomically 
modern H. sapiens (whether from one restricted area or more 
widely) is still in dispute and lack of good fossil evidence from 
many parts of the Old World makes resolution of this problem 
more difficult. 


Hominid fossil evidence and rates of 
evolution 


Gould and Eldredge’ suggested that the gaps in the fossil record 
should be treated as data, as though they were ‘real’ and not 
artefacts of the fossilization process. Thus the observation that 
intermediate forms between taxa are frequently not known is 
explained on the basis that evolution from one to another 
species occurred so rapidly that no transitional ‘forms were 
preserved. The basic assumption here is that the fossil record is 
relatively complete. 

Available data do not support Gould. and. Eldredge’s 
assumption of a complete fossil record for the Hominidae. 
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Fig. 2 Alternative phylogenies of the major hominid taxa’, Although not encompassing all proposed schemes, these Tour phylogen ues are 


representative of the current most likely hypotheses. One of us (N.T.B.) favours phylogeny b, whereas another (Y.R.) favours phylogen 
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Fig.3 Certain key hominid fossil crania in the ‘gracile’ hominid lineage through time, plotted along the bottom of the figure from left to right. 


Behrensmeyer*’ estimates that only 4x107% of the original 
hominid population over a span of 1.5 Myr is represented at 
Koobi Fora. At Omo Shungura, with the longest sequence of 
hominid-bearing sediments yet known’, 35 lithological units 
accounting for only 38.3% of the total vertical stratigraphical 
thickness have yielded hominid remains. If the total time 
represented by the Shungura Formation is almost 2.6 Myr”®, this 
implies a loss of 1.6 Myr of time. Using an average of empirically 
derived population density estimates for Omo Homjnjidae (1.05 
ind km~’)*!, an area of 500 km? and a generation time for early 
hominids of 20 yr, the 215 known fossil hominid individuals 
from Omo Shungura derived from populations totalling 6.8 x 
10’ individuals. Thus, the fossil sample represents a mere 3.2 x 
10 of the original population. In terms of both time represen- 
ted and numbers of the original populations, the hominid fossil 
sample seems to be a very imperfect indication of the actual 
palaeobiology. In addition, the fragmentary nature of the 
preserved remains frequently does not allow phylogenetic 
interpretation. Thus there is almost no support for the assump- 
tion that the fossil record of hominids is complete, although a 
general overview of the major stages is possible while we await 
new fossil material. 

Meanwhile recent sophisticated geochronological studies 
have provided sufficiently precise dates for existing fossil 
material to test the hypothesis of punctuated equilibrium. Two 
such tests are presented in Fig. 4. Means of body weight esti- 
mates and cranial capacity of the ‘gracile’ hominid lineage are 
plotted through time. The trends seem to show no jumps or 
discontinuities. Any impulse to draw a step diagram through the 
points should be resisted while the most parsimonious approach 
is to interpret the trends with a best-fit line. 

Gould® has recently suggested that the supposed long 
temporal range of A. afarensis, based on a 3.7-3.8 Myr date on 
Laetoli and a 2.8-3.2 Myr date on Hadar, indicates morpholo- 


gical stasis over time. Two considerations argue against this 
claim. The fossil remains from Laetoli are not abundant, and 
there are no diagnostic crania. Although some specimens in this 
sample do show dental and mandibular similarities to Hadar 
specimens, it is unknown to what degree the crania, which 
are taxonomically paramount for Hominidae, would corre- 
spond. Thus, a morphological argument for stasis cannot be 
sustained. 

Second, while the K-Ar dating of tuffs at Laetoli and Hadar 
remain to be confirmed by other dating techniques, such as 
palaecomagnetism, there are preliminary faunal indications that 
Hadar and Laetoli may be closer in time than the absolute dates 
would suggest. Thus, a temporal argument for stasis within the 
proposed taxon A. afarensis is unconvincing. 

A good case for phyletic gradualism within the gracile 
australopithecine lineage could be made from a comparison of 
South African A. africanus, with the more primitive and prob- 
ably older A. afarensis. On the basis of the present samples, 
Hadar and Laetoli specimens evince generalized hominoid traits 
in having P, mesiobucally set in the tooth row, large canines with 
distal longitudinal wear facets, I’~C” diastemata and a relatively 
small cranial capacity’. They also possess certain derived traits 
in common with A. africanus from South Africa, particularly in 
the innominate and femur”, face and cranial vault“, and 
mandibular and dental morphology*’. Further fossil and geo- 
chronological evidence is needed to document the proposed 
transitional period from Laetoli and Hadar to classic A. afri- 
canus, but the balance of evidence does not support stasis within 
the Laetoli-Hadar samples through time nor punctuational 
change from these to A. africanus. 

Two specimens of cardinal importance to the punctuated 
equilibrium argument come from the Koobi Fora Formation, 
Kenya (KNM-ER 1470 and KNM-ER 3733, ref. 20; Fig. 3; 
Table 1). The dating of these specimens is of paramount 
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Fig. 3 (cont.) 


importance but faunal and geochronological dating of East Lake 
Turkana had been controversial until a recent solution was 
reached***?, 

KMN-ER 1470 comes from the Lower Member of the Koobi 
Fora Formation, 37 m.below the KBS Tuff in Area 131 (refs 20, 
57, 58), and at an unknown distance above the Tulu Bor Tuff. 
The specimen has been dated on the basis of *°Ar/*’Ar deter- 
minations on the overlying KBS Tuff, initially reported to be 
2.6+.26 Myr BP*’. Leakey” claimed an age-of 2.9 Myr BP for 
the find, adding ~ 300,000 for deposition of the 37 m of sedi- 
ment separating ER 1470 and the KBS Tuff (12.3 cm per 
1,000 yr). However, faunal studies“®^®', K-Ar redating of the 
KBS Tuff, tuff chemistry studies and fission track dating™ 
have now demonstrated that the KBS-131 Tuff is only ~ 1.8 
Myr BP and is correlative with Tuff H-2 in the nearby Omo 
sequence at the same date. The sub-KBS fauna, which includes 
ER 1470, correlates with Omo levels about 2.0 Myr BP (refs 61, 
65) and this is also the most likely date of KNM-ER 1470. 

KNM-ER 3733 comes from the lower part of the Upper 
Member of the Koobi Fora Formation” in Area 104 (ref. 28), 
having been found in a sand infilling ~ 10 m above the post-KBS 
erosion surface®’. Another specimen, KNM-ER 1813, to be 
discussed below, comes from the upper Lower Member of 
Koobi Fora Formation in Area 123 (refs 13, 20), 8-10 m below 
the lateral correlative of the post-KBS erosion surface”. 
ER 1813 is thus stratigraphically 18~20 m lower in the sequence 
than ER 3733. Assuming a sedimentation rate of 10-15 cm per 
1,000 yr (60 m between the KBS Tuff and the overlying Chari 
Tuff 1.8~1.25 Myr), the difference in time between ER 3733 
and ER 1813 is between 200,000 and 120,000 yr. Probable 
absolute dates are about 1.8 Myr BP for ER 1813 and 1.6 Myr 
BP for ER 3733. 

Morphological and chronological arguments have been 
advanced to demonstrate the evolution of the earliest Homo 
from gracile australopithecines*'”. Opponents of this view have 
held that Homo co-existed with gracile Australopithecus?”™. 





KMN-ER 1470, which has now been shown to have a spuriously 
old date, was a key part of this argument. It is a cranium lacking 
teeth but showing the large cranial vault, slight mid-facial 
prognathism, post-orbital expansion, relatively small temporal 
fossae and unpronounced supraorbital tori generally associated 
with the genus Homo. However, its relatively robustly con- 
structed face, flattish naso-alveolar clivus (recalling australo- 
pithecine dished faces), low maximum cranial width (on the 
temporals), strong canine juga and large molars (as indicated by 
remaining roots) are all relatively primitive traits which ally the 
specimen with members of the taxon A. africanus. The specimen 
probably represents a member of the earliest species of the 
genus Homo, H. habilis (or H. modjokertensis*”), also known in 
Africa from Olduvai’, Omo“, Sterkfontein”? and Swart- 
krans’. KNM-ER 1470, like other early Homo specimens, 
shows many morphological characteristics in common with 
gracile australopithecines that are not shared with later speci- 
mens of the genus Homo (Table 1); in fact, Walker" has 
classified ER 1470 as australopithecine. When accurately dated, 
and considering the morphology, ER 1470 supports the 
graduated evolution of Homo from a gracile australopithecine 
species in the later Pliocene. 

Various authors*°** have recently discussed these ancestral 
australopithecine populations. The Pliocene specimens, 
whether referable to the new taxon A. afarensis® or to A. 
africanus? (Fig. 2), and undeniably primitive in their 
morphology, do show many characters which. link them with 
later Homo (Table 1); M. D. Leakey™ has in fact, classified them 
as Homo sp. 

The gap between H. habilis/ modjokertensis and H. erectus has 
now been filled by several important specimens, including 
KNM-ER 1813”. ER 1813 shows incipient supraorbital- tori 
depressed in the glabellar region, a post-toral sulcus, a post-toral 
temporal ridge (similar to QOH 9), a slightly more. antero- 
posteriorly elongated cranium than specimens suchas OH 13a 
slight torus occipitalis and a mid-facial region slightly more 
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Fig. 4a, Means of body weight estimates of hominid taxa in the ‘gracile’ 
lineage through time. The mean of A. africanus body weight estimates 
(27.7 kg) is plotted at 2.8 Myr BP and is an average of (in kg): 18.65, 25, 32 
and 35,3 (refs 139, 140, 4, 141 respectively). The mean for H. habilis 
(41.8 kg) is plotted at 2.0 Myr BP and is an average of (in kg): 31.3, 40, 43 and 
52.8 (refs 139, 140, 4, 141 respectively). The mean for H. erectus (48.5 kg) is 
plotted at 1.1 Myr ap and is an average of (in kg): 42.5, 50 and 53 (refs 139, 
140, 4 respectively), The mean for H. sapiens (56.4 kg) is plotted at 0 02 Myr 
BP and is an average of (in kg): 52.2, 57.0 and 60 (refs 139, 140, 4 
respectively). Bars represent 1 s.d. on each side of the mean. Regression line 
is BW = 58.25 -9.91 r= —0.97, where BW is body weight and 1 is time in 
Myr. The trend appears to be gradual from A. africanus to H. Sapiens. 

b, Means of cranial capacity estimates of hominid taxa in the ‘gracile’ 
hominid lineage through time. Times for taxa are as in Fig. 4 legend. The 
mean of A. africanus (443 cm’) is from (in cm?): 450 for AL 288-1 and 385 
for AL 166-9 (ref. 54); 485 for Sts 5, 436 for Sts 19/58, 428 for Sts 60 and 
Sts 71, 500 for MLD 1 and 435 for MLD 37/38 (ref. 139). The H. habilis 
mean is from’*? (in cm*): 687 for OH 7, 650 for OH 13, 590 for OH 24, 752 
for ER 1470 and $09 for ER 1813. The H. erectus mean is from (in cm?): 
1067 for OH 9, 727 for OH 12 (ref. 139) and 850 for ER 3733 (ref. 79); 850 
for Sangiran 1,775 for Sangiran 2, 890 for Sangiran 3, 750 for Sangiran 4, 
975 for Sangiran 6, 915 for Sangiran 7, 1,030 for Ckt 2, 915 for Ckt 3, 1,225 
for Ckt 10, 1,015 for Ckt 11 and 1,930 for Ckt 21 (ref. 140). The H. sapiens 
mean is estimated at 1,420 cm? as midway between means for H.s. neander- 
thalensis'*° and H.s. sapiens'*°, Bars for H. sapiens represent observed 
range’“° and for other taxa represent 1 s.d. on each side. Regression line is 
CC = 1378.6 - 352,14, r = - 0.99, where CC = cranial capacity and r = time 

in Myr. Similar results have been obtained by other authors'*?4*, 


prognathous than ER 1470, It nevertheless retains many early 
Homo characteristics such as lack of ectocranial crests, relatively 
straight nasals and a small temporal fossa. Its intermediate 
temporal position, as discussed above, and intermediate 
morphology can be interpreted as linking the earlier Homo 
populations and later H. erectus. 

One H. erectus specimen from Koobi Fora (KNM-ER 3733) 
is claimed’ to be earlier than non-African H. erectus, but 
morphologically within the range of Choukoutien H. erectus. 
Thus similarities between KNM-ER 3733 and Choukoutien H. 
erectus are said to provide an example of stasis after a rapid 
evolutionary speciation event. As discussed above, ER 3733 
comes from the lower portion of the Upper Member of the 


Koobi Fora Formation, with a probable date of about 1.6 Myr. If 
we exclude the Indonesian Putjangan specimens, it is older than 
other Old World H. erectus: OH 9, Bed II, Olduvai at 1.3 Myr 
BP (ref. 72); P996-17, Member K at Omo at 1.4 Myr (ref. 15), 
Trinil at ~1.3 Myr and later’®; and Melka Kontoure at ~1.0 
Myr BP (ref. 73). Choukoutien is not well dated radiometrically, 
but has been ascribed on faunal grounds to ages ranging from 
Early to Late Pleistocene”. Fauna from the main hominid levels 
(such as Locus L, layers 8-9) is typically Middle Pleistocene and 
correlative with the European ‘Cromerian’. Kahlke and Chou” 
have reported Ailuropoda, Macaca robustus and Elephas cf. 
namadicus, taxa characteristic of the late Early Pleistocene and 
early Middle Pleistocene”, from the lower hominid-bearing 
levels at Choukoutien. Kahlke”’ states that E. namadicus is part 
of the Asian Middle Pleistocene faunas which correlate 
indirectly with Siissenborn (‘Mindel’—‘Elster’) faunas of eastern 
Europe. The Early/Middle Pleistocene boundary is now con- 
ventionally taken’”® as 0.69 Myr BP and on faunal grounds most 
of the Choukoutien hominids would post-date this datum. 
Although the entire assemblage spans a considerable time 
range, the main finds of Choukoutien H. erectus do in fact 
appear to be at least 0.8 Myr younger than ER 3733. On present 
evidence specimens attributed to H. erectus extend from about 
1.6 to 0.6 Myr, or younger. 

The available evidence does not support the hypothesis of 
morphological stasis in H. erectus through time. The peak in 
robusticity in the evolution of H, erectus did not occur with the 
earliest appearance of the species. The earliest examples of H, 
erectus possess a relatively longer and flatter face, shorter, 
thinner and less buttressed cranial vault, smaller cranial 
capacity, and a thinner and narrower supraorbital torus than 
later H. erectus. ER 3733, which is the earliest relatively 
complete example of H. erectus, falls outside and below the 
range for Choukoutien H. erectus fossils in four of the five 
measurements provided by Leakey and Walker®. Its cranial 
capacity of about 850 cm° (estimated by Holloway, quoted in 
ref. 79) is outside the Peking range (915-1,225 cm*)*? and is 
closer to Javanese H. modjokertensis specimens. The supra- 
orbital torus appears thinner than that of later H. erectus spe- 
cimens such as OH 9, Sangiran 17 and the Choukoutien crania 
and recalls that of earlier fossil hominids ER 1470, ER 1813 and 
OH 24. The long, flat, vertically oriented face with a deep 
sub-nasal area is perhaps a retained primitive feature from an 
ancestor similar to ER 1470. Table 1 summarizes the 
morphological continuities to be seen from early to late H. 
erectus, thus vitiating Gould and Eldredge’s contention of stasis 
in this clade’, 

In the case of H, sapiens, Gould and Eldredge’ imply that 
modern Homo sapiens is morphologically similar to the earliest 
examples of this species. This interpretation would be more 
defensible if they were referring only to anatomically modern 
man as H. sapiens because, for example, the earliest anatomic- 
ally modern populations of Europe and Australia over 20,000 yr 
ago do closely resemble their present-day aboriginal 
counterparts ***°, But even here it can be argued that noticeable 
evolutionary change has occurred*'**. However, most anthro- 
pologists would extend the term H. sapiens to include various 
fossils from the Middle Pleistocene (such as Swanscombe, 
Steinheim, and Broken Hill) and the earlier Late Pleistocene 
(the Neandertals). 

To test the alternative models of phyletic gradualism or 
punctuated equilibrium in the evolution of H. sapiens we 
require (as Gould and Eldredge state) reasonable samples with 
good stratigraphical control. The only area which approaches 
these conditions in terms of samples with good stratigraphical 
control is Europe. If phyletic gradualism is a reality and H. 
erectus was gradually transformed into ‘archaic’ H. sapiens and 
thence into ‘modern’ H. sapiens, then the earliest examples of H. 
sapiens should show erectus-like characteristics. The fossil 
record should progressively document the appearance of 
‘modern’ features. Indeed, we might even expect there to be 
fossils with intermediate characteristics. 
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Table 1 Comparison of morphological traits, chosen on the basis of ability to differentiate hominid taxa, among four key specimens discussed in the text 


m9 








A, africanus 


Cranial capacity 

Naso-alveolar clivus 

Incisive alveolar margin 

Canine juga 

Subnasal prognathism 

Midfacial prognathism 

Size of temporal fossa 

Angle of zygomatic process of temporal 
Bizygomatic breadth relative to prosthion-nasion height 
Hafting of zygomatic process. of maxillary 
Frontal plane concavity of nasals 

Frontal plane concavity of lateral orbital rim 
Frontal angle 

Cranial length relative to biporionic width 
Facial height relative to cranial length 
Thickness of parietal and temporal 

Thickness of occipital 

Anterior protrusion of supraorbital torus 
Lateral thickening of supraorbital torus 
Retraction. of lateral supraorbital torus 

Midline depression of supraorbital torus 

Deep post-toral sulcus 

Post-orbital constriction 

Anterior temporal line robusticity 

Parasagittal flattening of frontals/sagittal keel 
Supramastoid crest larger than suprameatal crest 
Frontal process of zygomatic angled anteriorly downwards 
Occipital angle 

Torus occipitalis.. 

Torus angularis 

Low parietal angle 

Euryon at'torus angularis 

Deep and wide zygomatics. 

Mesio-distal diameter of molar row 

Upper facial breadth relative to orbital height 
Supraorbital and maxillary pneumatization 
Cranial vault height ET 

Relatively large diagonal dimensions of parietal 
Temporal squama short and arched X 
Axis of tympanic plate 

Nuchal area w 

Lambda-inion and inion-opisthion chords sub-equal 

Broadness of cranial base ` 

Palate size 
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This chart shows the mosaic pattern of evolutionary change in hominids, the clear directionality to be seen in a number of morphological traits, such as cranial capacity, 
and the fact that there are hominid fossils showing morphology intermediate between accepted hominid species. 
* KMN-ER 1470, classified as H. kabilis, shows nine traits which are either shared with A. africanus (Sts5, AL 288-1, MLD 37/38) or intermediate between this taxon 


and other H. kabilis (OH 7, OH 13, OH 24, L 894-1, SK 847). 


+KNM-ER 1813, a later H. habilis, shows 11 traits characteristic of `H. erectus or intermediate between H. erectus and H. habilis. ; 
+ KNM-ER 3733, classified as early H. erectus, shows 11 traits shared with H. habilis or intermediate between this taxon and other (Asian) H. erectus. 
§ The Petralona cranium classified here as an early H. sapiens shows 13 traits either shared with H. erectus or intermediate in morphdlogy. 


The European Middle Pleistocene record does provide us 
with such examples. The fossils from Mauer, Arago, 
Vertésszdllés, Petralona and Bilzingsleben have been regarded 
by various workers as belonging to either H. erectus or H. 
sapiens???45-4683-85_ The most complete of the specimens is the 
Petralona cranium, apparently associated with a Biharian 
(Cromerian) fauna which would place it as broadly con- 
temporaneous with the Mauer, Vertéssz6ll6s and perhaps 
Choukoutien fossils, and earlier than the Bilzingsleben, 
Swanscombe and Steinheim specimens”. If phyletic gradualism 
operated to transform H. erectus into H. sapiens, a 
specimen from the middle pact of the Middle Pleistocene would 
be expected to show intermediate or mosaic characteristics 
when compared with the two species. Table 1 shows that the 
Petralona cranium displays characteristics typical of each spe- 
cies (if we can accept that Neandertals do in fact belong in the 
species H. sapiens). In features associated with cranial expan- 
sion and dental reduction, it is apparently intermediate. All the 
earlier Middle Pleistocene European specimens may belong in 
the species H. sapiens, but placing them within H. erectus would 
not alter their evolutionary significance. They differ as much 
from early H. erectus fossils as they do from late H. sapiens 
specimens. , 

Vléek® has claimed that during the Holsteinian of Europe, H. 
erectus (as at Bilzingsleben) co-existed with H. sapiens (as at 
Swanscombe and Steinheim). Apart from the important ques- 








tion of morphological variability to be expected in the Middle 
Pleistocene, correlations in Europe are now so uncertain that 
‘Holsteinian’ faunas may, in fact, span two or more distinct 
interglacials covering a period of some 200,000 yr (ref. 86), and 
arecent study of the Bilzingsleben site suggests that it dates from 
the penultimate interglacial in Europe rather than the 
Holsteinian®’. Similarly, Swanscombe may be separated by a 
considerable period of time from other sites in the ‘Holsteinian’ 
complex. Certainly the morphology of the Bilzingsleben speci- 
mens suggests that present concepts of variation within the 
species H. erectus and H. sapiens need to be re-examined”. 

In the fossil record of the later Pleistocene of Europe we meet 
the continuing problem of the place of ‘Neandertals’ in human 
evolution?! “#55, Stringer has discussed the European evi- 
dence for a gradual emergence of a Neandertal morphology 
during the later Middle Pleistocene and early Late Pleistocene. 
Fossils such as Swanscombe and Fontéchevade, previously 
regarded as part of a ‘pre-sapiens’ evolutionary lineage separate 
from that of the Neandertals, are probably part of an early 
Neandertal lineage. However, European Neandertals may not 
be the best candidates for the ancestors cf anatomically modern 
H. sapiens in Europe during the middle part of the last glacia- 
tion***’, notwithstanding much support for the opposite view 
that there is an evolutionary continuity between these European 
populations******. Until some of the critical specimens in this 
debate are conclusively dated and the functional significance of 
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some of the relevant morphological differences better under- 
stood, resolution of this problem may lie in the analysis of 
character states present in Neandertals and other contem- 
poraneous populations*8°™°5, 

Thus the evolution of anatomically modern man can at 
present support either the model of evolutionary gradualism or 
that of punctuated equilibrium, although the present evidence 
may favour discontinuity between Neandertal and ‘modern’ 
populations in Europe and Southwest Asia. Had Europe been a 
relatively peripheral area, gradualism in other areas could have 
led to the evolution of populations of anatomically modern H. 
sapiens whose genes could have infiltrated into Europe rela- 
tively rapidly, producing an apparent example of punctuated 
equilibrium in the European record. 

Punctuated evolutionary change would imply a high variance 
in the durations or lifetimes of hominid taxa, as the appearance 
of new taxa is supposedly a function of a rapid and random 
event. If the taxa A. africanus extended from 3.2 to 2.2 Myr (1.0 
Myr), H. habilis from 2.2 te 1.6 Myr (0.6 Myr), H. erectus from 
1.6 to 0.6 Myr (1.0 Myr), and H. sapiens appeared at 0.6 Myr, 
then change does not seem to be dissimilar from one species to 
the next. If Laetoli A. afarensis at 3.7 Myr is accepted as a 
forerunner of A. africanus, this species further supports this 
pattern, with a known species lifetime of 0.5 Myr. For these five 
taxa, whatever their phylogenetic relationship, there is a mean 
duration of 0.74 + 0.24 Myr, indicating similar species lifetimes, 
as may be expected in a gradualistic model. For an alternative 
interpretation see Stanley”. 


Possible cases of punctuated equilibrium in 
the hominid fossil record 


The geologically sudden appearance of robust australopithe- 
cines in South and East Africa between 2.1 and 2.0 Myr seems to 
represent an obvious example of punctuation. The fact that their 
morphology appears so specialized supports this. However, on 
closer examination the robust lineage reveals a distinctly gradual 
trend of evolution. It is the highly specialized and hence 
accountable morphology of the ‘final product’ that enables one 
to recognize the direction of the evolutionary trend and to define 
the position of each fossil within the sequence. 

Rak” explains this trend as related to the forward movement 
of the origin of the masticatory muscles away from the fulcrum 
(the articular eminence), on the one hand, and the tucking in of 
the dental arcade, on the other. Australopithecus boisei is the 
most evolved species of the sequence. However, some of the A. 
boisei specimens, whether studied through actual measurements 
or through observations of their topography, are found to fall 
within the range of the less specialized species, A. robustus. The 
direction of evolution of the masticatory system is also detected 
in the known sample of A. robustus. The topography observed 
on many fragments (mainly the infraorbital region) again 
indicates the existence of a morphological sequence. A. robustus 
and A. boisei are ordered in this sequence, although sufficient 
differences exist to justify their recognition as distinct taxa. The 
claims’ that ‘there is no direct evidence for gradualism within 
any hominid taxon’ and ‘each species disappears looking much 
as it did at its origin’ probably result from a familiarity with only 
the most well known specimens. 

The known sample of A. robustus is probably contemporary 
with at least part of the time span of A. boisei. Morphologically, 
however, A. robustus would be expected to be an intermediate 
Stage between the more general australopithecines and the more 
specialized, hyper-robust A. boisei. One hypothesis to explain 
the relationship between A. robustus and A. boisei is that the 
former represents a relic population that continued to exist in 
South Africa, representing the prototype from which A. boisei 
evolved. 

Some of the specimens which make up the morphological 
range of species of Australopithecus, that is A. africanus, that 
existed 0.5 Myr earlier, resemble A. robustus very closely in 
topographical features of the face. The fairly complete fossil Sts 


71 can be considered representative of the robust end of the 
morphological range, although fragments and isolated teeth of 
other specimens hint at the possiblity that even more robust 
individuals existed. Specimens from the other end of the range, 
such as Sts 52 and TM 1512, exhibit a quite generalized 
primitive morphology. Rak” suggests that A. africanus may 
have a greater morphological spread than the sample of A. 
robustus, not because the former is represented by a larger 
sample (it is not), but because a longer time span is covered by its 
sample. 

Robust australopithecines probably evolved from earlier, 
more gracile hominids similar in morphology to A. africanus. 
Whether the known fossils of this taxon represent the actual 
ancestral population of later robust australopithecines is debat- 
able (Fig. 2) but A. africanus is clearly morphologically closer to 
a common australopithecine ancestor than are robust australo- 
pithecines. Continuities to be seen from gracile to robust 
australopithecines therefore do not support a punctuational 
view of australopithecine evolution. 

Other parts of the hominid fossil record suggest that stasis 
may have predominated over evolutionary change in certain 
peripheral areas. The Ngandong crania are supposedly Late 
Pleistocene in age’* but show fundamental resemblances to 
much earlier H. erectus specimens***. As with the Broken Hill 
specimen”, this apparent Late Pleistocene anomaly may even- 
tually be removed by evidence that the Ngandong fossils are, in 
fact, of Middle Pleistocene age; but at the moment these fossils 
provide one of the strongest examples of relative stasis in a 
peripheral and relict human popoulation. 


Evidence from genetic studies 


Genetic study of current populations is a ma jor focus of attempts 
to elucidate patterns and mechanisms of speciation, The 
traditional view—that there are large genetic changes, or ‘a 
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Table 2 Genetic distance values for taxa compared at different ‘levels’ of speciation 





Genetic distance 





D typical D fast 
Taxon Drosophila Vertebrates Primates Peromyscus Primates 
Populations 0.02 + 0.012 0.028 + 0.02 0.011+0.012 0.066 + 0.06 0.304 0,235 
Sub-species 0.186 40.057 0.163 + 0.02 0.084 + 0.048 0.139 + 0.009 0.477 20.239 
Semi-species 0.226 0.168 £0.01 0.163 40.14 0.224 0.420.086 
Species 0.451 +0.329 0.319 40.194 0.318 +0.233 0.305 + 0.257 0.674 0.276 
Genera — 0.706 + 0.319 0.631 +0.31 = 1.36+0.512 


The term semi-species is defined by Mayr” as species that were recently conspecific and subsequently speciated through geographical isolation and 


remain mostly allopatric. Hybridization does occur to differing extents (refs 


unpublished observations). 


genetic revolution’, often accompanying speciation events— 
would be supported if the process occurred in small, peripheral 
or isolated populations °*"'®°. Various papers have reviewed the 
extent of genetic variation in natural populations‘'®"'’ and 
genomic distances can be quantified between taxa’'*? Gould 
and Eldredge’ have cited structural gene studies of allozymic 
differences between taxa of differing levels as the major criterion 
of their model. Ayala''* and Avise''* (Table 2) have indeed 
observed a gap between genetic distances as measured at both 
the local population level and at the level of sub- and semi- 
species but Lewontin''* and White’”’ find little genetic distance 
accumulating during speciation. Many species are less different 
genetically than populations within the same species, and 
morphological diversity may not correlate with genic 
divergence 7Y, 

The apparent gap between populations and measures 
between sub- and semi-species is due to a differential weighing 
of loci with different function’'?'° and different rates of 
evolution”. Work on primates?! ™? and on rodents’ 
demonstrate that this gap disappears when fast-evolving loci are 
included in the study (Table 2, Fig. 5). In fact allozymic 
differences between taxa may be highly time-dependent and 
useful for divergence date estimates®”'7""'”*, an observation 
not compatible with suggestions of punctuation or genetic 
revolution. 

Hence there is no obvious correlation between the degree of 
genetic differentiation and speciation, the development of 
reproductive isolation, by whatever mode, may be accompanied 
by little, some, or substantial allozymic change. 

Electrophoresis of gene products may well be too insensitive a 
method to detect the genetic changes accompanying speciation. 
Nucleic acid hybridization shows that species differ by quan- 
titatively small values of base-pair difference, much less than 1% 
- unique sequence DNA. Sub- and semi-species differ by even 
ess”. 

So what is the genetic basis of speciation? Microgenic changes 
may result cumulatively in reproductive isolation. Single gene 
mutations at structural loci may have a profound effect on the 
phenotype and correspondingly to speciation events. Alter- 
natively, not all genes may be involved in a genomic reor- 
ganization. A model of genetic ‘transiliance’’’* in which only a 
few polygenic systems each with major and minor genes undergo 
change is also possible. Thus a change in only a small fraction of 
the genes could contribute to a genomic revolution. 

Also, true revolution may be found at the chromosomal level. 
Chromosomal rates of evolution seem to correlate with the 
degree of morphological evolution and rates of speciation ®. 
Such change would be macrogenic and would best be sought at 
the level of satellite DNA, quantity of DNA per locus, 


chromosomal rearrangements and regulatory loci mutations'°’. 


Conclusions 


We should not be surprised to find specific instances of explosive 
and gradual evolution at both the molecular and organismal 
level. The questions at hand are whether punctuation or salta- 
tion is the predominant mode of evolution as Gould and 


7,101, 115, 123, 124, 126, 127, 134-138, and J. E. C. and V. M. Sarich, 


Eldredge assert’, and whether human evolution is a case which 
confirms the general model of punctuated equilibrium at either 
the genetic or morphological level. 

The specific course of genomic evolution along the hominid 
lineage can be conjectured. Since the time of divergence, 
humans and chimps have come to differ by about 1% at each 
gene’, a value characteristic of differences generally found 
between sibling species’?”’**'?’. On the other hand, humans 
and chimps differ by some nine pericentric inversions'**, Fixa- 
tion of such inversions is facilitated by low effective breeding size 
of populations or inbreeding ™®™'?”. Conditions for fixation of 
such inversions would be optimal during speciation by 
bottlenecking. Thus, it is highly probabie that a few bottlenecks 
in effective breeding size, some resulting in speciation, without 
apparent major effects on the phenotype may have occurred 
along the hominid lineage. 

Perhaps the most interesting area of evolution—the origins of 
the human lineage—can only be cautiously dealt with due to 
incomplete evidence. It may be the most likely period of time 
when rapid or explosive evolution may have occurred. The 
earliest undoubted hominids in the fossil record, from Hadar 
and Laetoli’, are quite primitive and date to somewhat less than 
4.0 Myr. The molecular clock suggests a hominid-pongid diver- 
gence somewhat before this®”. Thus, the hominid transition 
could have been characterized by extremely rapid morphologi- 
cal change (the evolution of bipedality), and by a period of low 
population numbers, or bottlenecks, with most of chromosomal 
evolution, genic reorganization, or allelic substitutions occur- 
ring in rapid sequence. It is here that the evidence fails us in 
being particularly incomplete, only partially suggestive and 
open to many different interpretations'*"'*’, and it may be that 
as more evidence becomes available even this possible case of 
punctuation may be like the cheshire cat and disappear until 
only its smile is left. 

In summary, the evidence that we, unlike some 
others**!°?3, have adduced from the fossil record does not 
support the model of punctuated equilibrium for hominid 
evolution. Apparent cases of punctuated equilibrium in the 
fossil record of hominids are due to one of three causes. Speci- 
mens are certainly misdated, as in the case of KNM-ER 1470, 
possibly or probably misdated, such as the Ngandong specimens, 
or open to very different morphological interpretations, for 
example, regarding KNM-ER 1813 as a gracile australopithe- 
cine versus a member of the genus Homo. A review of the 
morphology of hominid fossils with their most probable dates 
strongly suggests a closer approximation to a gradualistic model. 
There is demonstrable change within hominid taxa through time 
as well as continuities from one species to its supposed descen- 
dent species. There is little or no support for the belief that the 
hominid fossil record is complete. Thus gaps in the record are 
most likely artefacts of the processes of fossilization and dis- 
covery and not true palaeobiological discontinuities. Further 
assessment of the model of punctuated equilibrium must await a 
more rigorous definition of such parameters as the temporal 
difference between punctuation and fast gradualism and the 
degree of morphological change considered to constitute either 
a gap or stasis. If a finer, continuous analysis were possible, it 
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would probably reveal that gradualism is, 


itself, an average of 


periods of horotely (fast change) and bradytely (slow change). 
Evolution of the Hominidae is still most reasonably interpreted 


by 
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Anomalies in teleseismic arrivals at stations astride the West African Craton margin in Senegal are large and systematic for 


rays which have passed beneath the craton margin. Lateral va 
to several hundred kilometres depth. The major relative delay 


riation in seismic velocity structure beneath the margin persists 
time and slowness-azimuth anomalies fit a simple model of a 


steep boundary in the mantle aligned with the major gravity anomaly associated with the craton margin. The mantle 
beneath the Mauritanide orogenic belt has lower P-velocity than the adjacent craton between ~80 and 220 km, but higher 


average velocity both above and below that depth range. 








Ir mantle structure could simply be categorized as sub- 
continental and sub-oceanic, there would be no consensus over 
whether lateral differences persist to depths greater than ~ 220 
km (refs 1-5). Seismological and other evidence indicate a more 
complex regional characterization of mantle structure. 
Significant lateral differences occur down to at least 500 km in 
the vicinity of many active subduction zones“. Theory of 
formation of orogenic belts at convergent plate margins requires 
the persistence of subduction, and hence of lateral variations to 
great depths, throughout the period of orogenesis. Surface wave 
data from Tertiary® and older orogenic belts’ suggest that shear 
wave velocity structure beneath such belts differs from that 
beneath both ancient cratons and modern oceans. Global and 
regional teleseismic delay times ‘*’' and heat flow’? have been 
taken to indicate lithospheric thicknesses > 200 km in places. 
Thus differences which arose at the time of orogenesis have 
persisted for hundreds of millions of years after the cessation of 
orogenic activity so that determination of present-day seismic 
structure of ancient orogenic belts may clarify the geodynamics 
of orogenesis. 

We report here preliminary results for temporary teleseismic 
arrays laid out across the junction of a Precambrian craton with a 
Phanerozoic orogenic belt to detect lateral differences in mantle 
seismic velocity structure and to determine whether a boundary 
between these two regions is detectable to mantle depths. 


Location and design of field experiment 


Figure 1 shows the site of the experiment in Eastern Senegal, 
where the western margin of the West African craton (~ 2,000 
Myr and older) abuts the Mauritanide orogenic belt of late 
Palaeozoic age (~ 250 Myr). 

There are differences of up to 1.0s in teleseismic delay times 
between seismic stations on the craton (Kedougou, Fig. 1) and 
on the orogenic belt'*. The major long-wavelength Bouguer 
gravity anomaly" parallel to the craton margin is characteristic 
of many craton margins elsewhere’*'’, These data suggest that 
lateral differences across the margin may persist at least into the 
uppermost mantle. 

Two short period vertical (SPz) seismic arrays, each of 20 km 
aperture, were operated for 6 months: the L-shaped nine station 
Kedougou (Ked) array on the craton and the cross-shaped eight 
station Missira (Mis) array centred 180 km to the north-west on 
the orogenic belt provided travel-time and slowness-data 
necessary for three-dimensional interpretation of the structure 
beneath and between them. A mobile linear array of three or 
four SPz seismometers was placed for 1 month in each of five 





successive positions A-E (Fig. 1) to provide records at 10-km 
spacing along the whole profile between the Ked and Mis arrays. 
A multichannel analogue tape recorder at the central station of 
each array recorded an adjacent three component set of short- 
period seismometers and a single vertical long-period sèis- 
mometer together with the radio-telemetered signals from 
the outstations of each array. The internal time base of each 
recorder was made absolute by recording time signals from BBC 
World Service transmissions. 

All recorded events were digitized at 50 samples pers, and 
relative arrival times were picked by waveform matching 
producing overall accuracy of better than 0.05, Epicentral 








| Sedimentary Cover 


Mauritanides 
West African Craton 


GRAVITY 
Sirra Bouguer Anomalies contoured 
at 10 mGal interval 
SEISMIC STATIONS: 
BA Ketougon SMSe array 
B Missire senmi array 
a Deo Mabie swismic array 








NOTE: Largor syrmbots 
TOOTEGA? recording ates 














Fig. 1 Part of Senegal, showing the seismic arrays, the Bouguer 

gravity contours”, and the Bouguer anomaly profile along the line 

GG’. Po to P, are examined positions of a postulated boundary 
separating cratonic and orogenic velocity structures. 





0028-0836 /81/280123—06$01.00 











124 


Nature Vol. 292 9 July 1981 





information was taken from USGS PDE bulletins and predicted 
arrival times were computed utilizing the programme 
GEDESS"* with the Jeffreys-Bullen travel-time tables'’. To 
date 550 seismic events have been identified on the analogue 
tapes, of which 330 originated in the teleseismic P window, 120 
were core phases and the remainder were of local origin. This 
report considers a subset of the SPz records at the main Ked and 
Mis arrays, of teleseismic events for which delay times and 
apparent velocities have been determined, together with some 
delay time data from the mobile array. 


Results 


The delay time differences between the central stations of the 
Mis and Ked arrays are plotted as a function of epicentral 
distance and azimuth in Fig. 2c. The main features are: rays into 
the Mis array on the orogenic belt from almost all azimuths and 
teleseismic distances are slower (positive delays) relative to 
those into the Ked array on the craton. However, the magnitude 
of the delays is sensitive to distance and azimuth; between 
azimuths of ~ 40° and 70° there is a rapid decrease in relative 
delay time from +0.8 to ~0.2s. The maximum relative delays 
(+0.8s) occur for events from the north-east. For westerly 
azimuths, the delay times decrease with increasing distance from 
0.7 at A = 60° to 0.3 s at A = 80°. The relative delays have also 
been determined for a set of PKIKP core phases in the distance 
ranges 174°<A< 178° and show a similar constant delay of 
+0,3 5. 

Variations of relative delay time along the whole profile are 
shown in Fig. 3. Each nuclear test site (Fig. 3a-c) can be 
regarded as a single repeated source. The Kazakh data (Fig. 


Observed relative delays, Mis-Ked 





Fig. 2 Teleseismic delay time differences Mis~Ked between the 

Missira and Kedougou arrays as a function of the position of the 

source; a, observed; b, predicted by ray tracing through the starting 

model of Fig. 6a in which the craton boundary is at position P, and 

vertical; c, predicted by ray tracing through the refined model of 

Fig. 6b in which the craton boundary is at position P, and dips at 
85° to the west. 
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Fig. 3 Teleseismic delay time profiles for underground nuclear 

tests at a, East Kazakh A = 80°, 6 = 41°; b, West Kazakh A= 61°, 

$ = 42°; c, Southern Nevada A= 92°, ¢ = 309°; and d for PKIKP 
phases in the range 174-178°. 


3a, b) show a sharp westerly increase in relative delay within 
array E, ~ 80 km west of the outcropping margin. The PKIKP 
phases (Fig. 3d) have all travelled by similar paths through the 
receiver structure; they do not show the same pattern of relative 
delay, though they do show an anomalous (though poorly 
defined) delay within array B. 

Slowness~azimuth anomalies at the Ked array (Fig. 4b) are 
small and non-systematic from all azimuths except the west; for 
westerly paths (for rays which have passed beneath the craton- 
orogenic margin) slownesses are anomalously high and seem to 
have been refracted across a structure striking NNE. At the Mis 
array the dominant feature (Fig. 4a) is southerly slowness- 
azimuth anomalies which are thought to be due to a northerly 
dipping sedimentary~basement interface. 

When the effect of this interface is ‘stripped-off rays from 
only two sectors appear anomalous (Fig. 4c). Northeasterly 
arrivals, which have traversed beneath the craton margin, seem 
to have been perturbed by a NNW-striking structure-—slowness 
being anomalously low for the steepest arrivals but anomalously 
high for arrivals at larger incidence. Anomalies which persist for 
azimuths close to 280° could be due to lateral variation in the 
deep structure of the orogenic belt. 


Two-dimensional velocity models 


Because the regional strike of the gravity anomaly, the craton 
margin and the orogenic structure are generally constant and the 
slowness anomalies follow their local variation, we can treat the 
seismic data two-dimensionally on a regional scale. In our 
velocity models we adopt a compromise strike of our models 
(Po-P;) between the trends of the segments of the line P, in 
Fig. 5. 

Models of crustal structure which would produce the observed 
anomalies all have unacceptable features, notably large lateral 
velocity contrasts and/or Moho topography which are 
incompatible with the observed gravity field across the arrays. 
Hence velocity differences must extend into the upper mantle. 
The craton has predominantly the higher velocity structure 
because vertically travelling core phases through the sub-oro- 
genic structure are delayed by 0.3s. We treat the structure 
beneath the Mis and Ked arrays as essentially horizontally 
layered because these arrays are clear of the craton margin and 
its associated gravity anomaly, and except for ray paths which 
pass beneath the craton margin, the slowness—azimuth anomaly 
patterns do not suggest inclined layering at depths”®. For such 
models the azimuth~distance dependence of relative delay times 
and the drastic change in direction of the slowness—azimuth 
anomaly vectors for northeasterly arrivals into Mis, both require 
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that between certain depth ranges the orogenic belt has the 
higher seismic velocity structure. The abrupt change in relative 
delay times along the profile (Fig. 3) and its marked variation 
with azimuth (Fig. 2a) require that the transition between the 
sub-cratonic and sub-orogenic velocity structure is both sharp 
and steep even at mantle depths. 

Two-layer models which account for these anomalous features 
cannot also account for the negative relative delay times for 
easterly ray paths (Fig. 2a); these can be accommodated if the 
orogenic crust is thinner and/or has higher velocity than the 
cratonic crust. Thus to explain all the main features of the data, 
we need a model with a minimum of three ‘layers’ in the crust 
and upper mantle in which the laterally uniform sub-craton and 
sub-orogen velocity structures are separated by a near vertical 
boundary; the top and bottom layers have the higher average 
velocities beneath the orogenic belt and the middle layer has the 
higher velocity beneath the craton. 





Each layer i delays an arrival travelling through the sub- 
orogenic structure by a time a, relative to an arrival travelling 
through the same layer in the sub-cratonic'structure: thus a, will 
be positive while a, and a, are negative. Vertically-travelling 
core phases travel entirely in either sub-orogenic and sub= 
cratonic velocity structures, so that a, @)+@3> 0.36) The 
same relative delay terms a; apply to indined teleseismic paths, 
errors due to non-verticality being negligible. The relative 
delays for these inclined paths will depend on the amount of 
mixing of the rays through the two structures: For example, the 
high relative delay of + 0.8 from the north-east is interpreted 
as being due to rays into Mis crossing the model boundary sear 
the bottom of the middle layer: hence a, + a. = 0:8 s. Similarly, 
negative relative delays for rays from the east which cross the 
boundary within the top layer; make a, > ~-0.28. Thus a= 
1.0s and az= -—0.5s. 2 

If h, is the thickness of the ith layer then a; is related to the 
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Fig. 5 The position of the seismic boundary P4, inferred from the 
slowness models (Fig. 4d,¢) superimposed on the Bouguer 
anomaly map’. 


average velocities Va and Va within that layer beneath the 
craton and orogen respectively by 


hence 
aV, _ Via 


where V, is the average velocity within layer i and êV; = 
Va 7 Vow 

Interpretation of the data requires the thickness of the layers 
and the position of the boundary to be determined. To satisfy the 
slowness anomalies and delay time variations from westerly 
azimuths, rays to Ked from the west must cross the boundary 
across a negative velocity contrast (within the bottom layer). The 
largest positive delay times for rays into Mis from easterly 
azimuths must cross the boundary near the base of layer 2. These 
two constraints can be met if the boundary at depth occurs west 
of its outcropping position—a conclusion supported by the 
nuclear explosion profile data (Fig. 3). More easterly estimates 
of the position of this boundary lead to contradictory depth 
estimates for westerly and northeasterly ray-path data. With the 
boundary at P, (Fig. 1) the thickness of the top layer is estimated 
at 80 km to account for the ray paths which show a relative delay 
of —0.2 s, assuming that they cross the boundary at the base of 
layer 1. Arrivals at Ked from the west, with anomalously large 
slowness, cross such a boundary in the depth range 220-390 km 
while those to Mis with relative delays of 0.8 s cross the boun- 
dary at ~240 km. Hence the base of layer 2 is taken at 230 km 
and that of layer 3 at 400 km for our starting model. This 
definition of model layer thicknesses h; constrains the velocity 
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contrasts in each layer to be —1.7%, +5.4% and ~2.8% 
respectively. 

This starting model (Fig. 6a) may now be refined to reconcile 
all the relative delay time data and to allow for refraction across 
the boundary, using a ‘shooting’ ray tracing technique”’. The fit 
of predicted and observed delay times for arrivals from the east 
is further improved by dividing the top layer into two (Fig. 6b). 
An inadequacy of the starting model is that signals from East 
Kazakhstan would be internally reflected at the boundary before 
reaching Mis. This problem would not exist with a lower velocity 
contrast in the bottom layer, or if the strike of the boundary were 
bent as in Fig. 5, or if the boundary were inclined at a small angle 
to the vertical so that it is dipping beneath the orogen. The 
teleseismic delay times are sensitive to the inclination of the 
boundary, as rays are travelling steeply through the model. It is 
difficult to satisfy the large relative delays from the north-east 
with the smaller relative delays from the west unless the dip of 
the boundary deviates from the vertical. The refined model (Fig. 
6b), which has the surface expression of the boundary at P}, and 
the dip of the contact as 85° towards the west, displays the main 
features of the observed relative delay time pattern: compare 
Fig. 2c with Fig. 2a. 

To investigate further the interdependence of model 
parameters, the relative delay times have been directly inverted 
by a modification of the least squares technique of Aki et al.”. 
This modification divides each layer of the model into two to 
simulate sub-cratonic and sub-orogenic structure. The block 
boundary, which need not be vertical, thus simulates the actual 
lateral velocity discontinuity within each layer. The travel time 
of each ray through each block is calculated using three-dimen- 
sional ray tracing’’. This inversion method mimics the tectonic 
regionalizations common for surface wave dispersion studies”. 
The trial models allowed for velocity differences down to 
400 km, either side of a vertical or near vertical boundary in 
positions Po, P}, P2 and P, (Fig. 1). 

The lowest solution variance occurred with the boundary at a 
position P,, and dipping beneath the orogenic belt between 85° 
and 80°. This solution accommodated ~ 80% of the observed 
data variance. Ray tracing through this inversion model yields 
predicted delay times similar to those of Fig. 2c. The most 
consistent feature of all the solutions with variance close to the 
minimum is the region in which the sub-cratonic structure has 
the higher velocity: this occurs at a depth 80-200 km if the 
boundary is at the preferred position P, consistent with the 
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Fig. 6 Velocity contrast models obtained by forward modelling 

using three-dimensional ray tracing. For all these models the 

boundary between the craton and orogenic velocity structure is 

assumed to be planar and positioned at Pz, P3 or Pa (see Fig. 1). The 

dip of the boundary is represented to true scale. The contrasts in 

the slowness model c must be greater to explain the magnitude of 
the observed slowness anomalies in Fig. 4. 
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deductions from forward ray tracing. If the boundary were 
only 20km to the east (P,) the equivalent layer would be 
displaced downwards by 40 km, a comparable upward dis- 
placement of this layer would be inferred if the boundary lay 
20 km to the west (P3). 

All solutions tend to show higher average velocities beneath 
the orogenic belt below this layer down to 400 km (layer 3 in the 
ray tracing modelling). However, neither this ‘layer’ nor the 
detailed velocity structure within it is well defined, probably 
because the velocity perturbations are small and comparable 
with their standard errors. 

Although the inversions do not define a top layer as clearly as 
the ray tracing approach they do suggest a faster velocity 
structure within the top 80 km beneath the orogenic belt as 
inferred from ray tracings. The velocity perturbations deter- 
mined by the inversions are all smaller than the equivalent 
velocity perturbations obtained by ray tracing. Simulated data 
studies? have demonstrated that this inversion method can 
underestimate the magnitude of velocity anomalies. 


Aspects of three-dimensional modelling 


The slowness~azimuth anomaly patterns (Fig. 4b, c) require that 
their causative structure should not be precisely linear. A seis- 
mic boundary positioned along the line P, in Fig. 5 gives a ‘best’ 
fit to the data in conjunction with the velocity contrast model in 
Fig. 6c in that it reproduces the magnitude and direction of the 
slowness anomalies for westerly paths into Kedougou and the 
antiparallel slowness anomaly for the NNW event (Fig. 4e) and 
reproduces the size, orientation and (to some extent) azimuth 
dependence. of the slowness anomalies from the north-east 
quadrant into Missira (Fig. 4d). Because the line P, was chosen 
on the basis of the seismic data, the concordance of its strike with 
that of the Bouguer anomaly (Fig. 5) is noteworthy. (The 
coincidence of its position in Fig. 5 is of less significance because 
position and dip of the model boundary and depths of the layers 
are to some extent mutually traded-off in the search for accept- 
able models.) 

Although the teleseismic P and PKIKP data recorded by the 
end-arrays are fitted well by the models, the isolated observation 
of large relative delays for a PKIKP event recorded within 
subarray B (Fig. 3d) is not predicted, and the more complex 
model required must await more data, notably from the mobile 
array. 


Tectonic interpretation of the seismic models 


The contrast in background Bouguer anomaly between the 
craton and the orogenic belt (Fig. 1) is consistent with the 
cratonic crust being either thicker or having lower average 
density (and seismic velocity) than the orogenic crust, and 
hence is consistent with the uppermost part of the seismic 
model (Fig. 6). 

The seismically-determined craton margin at depth lies 
~80 km west of the outcropping margin, implying at least that 
amount of thrusting and/or depositional overlap of the rocks of 
the orogenic belt onto the craton. This intervening terrain is 
composed of a metamorphic belt (correlating with the linear 
positive Bouguer anomaly) and a zone of unmetamorphosed 
sediments and volcanics (correlating with the negative Bouguer 
anomaly, and pinching out with it in the north of Senegal); these 
correlations suggest that the causes of the linear Bouguer 
anomalies are within the overlap—overthrust rocks of the upper 
crust. 

The major seismic velocity contrasts along the profile occur 
within the depth range ~ 80-200 km where the sub-cratonic 
structure is the faster by ~6%. This result is consistent with 
delay time inversion studies of lateral differences between older 
and younger orogenic regions in North America*?* and in 
Europe”? with the older structures having the higher velocities. 
The depth range 80-200 km also correlates well with the S-wave 
low velocity zone determined by the inversion of surface waves 
beneath aseismic continents’®. We thus prefer to ascribe the 
6% P velocity contrast to a low velocity sub-orogenic 





structure rather than to an anomalously high velocity sub- 
cratonic structure. 

At depths = 200 km the younger, sub-orogenic, structure has 
the higher velocity, although the contrast ig not as marked 
(~ 3%). It may be argued that such a small contrast may be a 
random fluctuation in velocity, and not correlatable with the 
tectonics. However, studies in North America and Europe***”* 
have revealed similar features: cratonic North America has 
2-3% lower velocity in the depth range 250-400 km than both 
the Appalachians and Western Cordillera. Similarly the Pre- 
cambrian Grenville Province has lower velocities than the 
Palaeozoic Appalachian Province for the depth range 200- 
350 km (ref. 24). Within Europe in the depth range 250-400 km 
the P-wave velocity beneath the Alps is up to 2% higher than 
beneath adjacent areas’. Furthermore the interpretation of 
NORSAR travel-time data using the Herglotz~Wiechert 
inversion technique indicates that the Baltic craton has higher 
velocities than orogenic Europe down to 300 km, while in the 
depth range 300-420 km it has the lower velocities”. 

Because of the difficulties?” of determining the depth of origin 
of teleseismic travel time anomalies, it is worth emphasizing that 
the principal grounds of our identification of deep lateral varia- 
tions are: (1) the large epicentral dependence of relative delay 
times of ~1.0s require lateral variations in upper mantle 
structure; (2) slowness anomaly vectors orthogonal to the local 
strike of the long wavelength gravity anomaly and craton margin 
imply that the seismic anomalies are inherently associated with 
that margin. Furthermore a reversal of the anomaly vectors at 
each array provides direct evidence for a velocity contrast 
reversal with depth. Such a model will accurately predict the 
major delay time anomalies. 

If density contrasts at depth alternate then isostatic compen- 
sation depths may be much deeper (~400 km) than hitherto 
suspected. The gravity anomaly observed at surface may be 
regarded as the sum of several individua! anomalies of alternate 
sign, generated in alternate depth zones: because these contri- 
butions will partially cancel each other out, the observed 
anomaly will not fully reflect the magnitude and extent of 
sub-surface contrasts. Relative teleseismic delay times for 
vertical paths to cratonic and orogenic stations show a similar 
effect if the boundary is near vertical: if we had taken delay times 
for vertical paths only or calculated a mean delay time for each 
station we would have inferred much less contrast and our 
models would not have extended to such great depths. It is the 
larger differential delay times from inclined ray paths which 
allow this deeper structure to be recognized. 

It is beyond the scope of this article to speculate on the 
possible origin of a mantle boundary such as that inferred here, 
extending essentially vertically to 400 km into the mantle, but 
some preliminary points are worth noting. For example, where 
the lithospheric thickness exceeds ~300 km most sources. of 
continental magmatism must be travelling with the lithospheric 
plate and must evolve with time, with or without replenishing 
mechanisms. If lithospheric thickness. is variable, then the 
asthenosphere has considerable topography. and variable 
thickness which would act as controls om plate motion. The near 
vertical attitude of a boundary within the upper mantle is not 
obviously compatible with an origin either at a compressional 
plate margin or an extensional margin; explanations may have to 
be sought in relation to transcurrent tectonics?” (as has been 
suggested for the north-west margin of the West African craton 
on palaeomagnetic grounds®') or ideas about the deep thermal 
structure of plate margins may need revising. 
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Purified \ regulatory protein cII positively 
activates promoters for lysogenic development 
Hiroyuki Shimatake & Martin Rosenberg 


Laboratory of Biochemistry, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205, USA 





The bacteriophage A regulatory protein, cII, has been purified and shown to activate positively RNA transcription from the 
two phage promoters which coordinately regulate phage lysogenic development. To obtain this protein, the cI gene was 
cloned into a plasmid vector carrying the strong, regulatable A phage promoter P, such that it was overproduced to levels 


approaching 5% of cellular protein. 





WHEN bacteriophage A infects Escherichia coli cells, the phage 
can either grow lytically, resulting in the formation of new 
progeny virus particles which are released on lysis of the host 
cell, or the phage may enter a state of lysogeny, in which the viral 
DNA integrates into the host genome and the expression of lytic 
functions is repressed. In normal physiological conditions, a 
balance between lytic and lysogenic growth is achieved and 
appreciable numbers of cells enter both developmental path- 
ways. 

The establishment of the lysogenic state requires the synthesis 
of two phage functions—repressor (cI), a protein which inhibits 
transcription of lytic functions, and integrase (int), a protein 
which catalyses the integrative recombination between the viral 
DNA and the host genome. The production of both proteins is 
positively regulated by the phage gene products cII and cHI and 
also affected by various host-encoded functions“. The synthesis 
of repressor and integrase is coordinately controlled at the level 
of transcription from the two A promoters Pg and P; (Fig. 1). The 
DNA structure of these two sites has been determined’”'° and 
their location precisely defined'*"*. Little is known, however, 
about the precise roles of the cI and cIII gene products in this 

ctivation process. In particular, it is not known whether cll 
works alone or in combination with other factors or whether cH 
works directly or indirectly to activate transcription from Pg and 
P;. Only by purifying the components and reconstituting the 
positive activation system in vitro can we hope to elucidate the 
role of clI and understand positive activation at these two 
promoters. 


Cloning a ‘lethal’ gene function 


During a normal A infection, cI protein is synthesized for only a 
short time and seems to be rapidly turned-over'*. Thus we set 
out to clone the A cH gene into a plasmid vector in such a way 
that the gene would be efficiently and continually expressed. The 
general approach involved inserting a 1,300-base pair (bp) 
DNA fragment carrying the cH gene into a plasmid vector, in 
such a way that the cH coding region was positioned in proper 
orientation downstream from an efficient promoter signal for 
RNA transcription, We reasoned that efficient transcriptional 
expression of cH from the multicopy vector would result in 
high-level cH production. The purified 1,300-bp DNA frag- 
ment’? was inserted into several different derivatives of 
pBR322, each of which contained a known promoter signal of 


either phage or bacterial origin positioned upstream from the 
site of insertion. Recombinants (Amp’') were screened by size 
and restriction analysis for the presence of the fragment. Among 
multiple independent isolates (> 10) which contained the insert, 
all had the fragment positioned with the cll coding region in 
opposite orientation to the direction of transcription. It 
appeared that transcriptional expression of the fragment gave 
rise to some lethal function. 

This contention was supported by the facts that cleavage of 
the fragment at the single HincII restriction site within the cH 
gene now allowed each subfragment to be cloned downstream 
from the promoter signal, and that the entire fragment was 
readily inserted in both orientations into a pBR322 derivative 
lacking the promoter. 

To circumvent these problems we reasoned that the cII gene 
(as well as any other lethal function) would have to be cloned 
such that its expression could be regulated. Thus we utilized a 
pBR322 derivative, pKC30, which contained a A DNA frag- 
ment carrying the highly efficient promoter signal P,, (Fig. 1). 
This promoter can be regulated by the A repressor protein (cl), a 
product which is synthesized continually and is regulated auto- 
genously in an Æ. coli À lysogen’*. A Hpal restriction site unique 
to pKC30 (Fig. 1) is located 321bp downstream from the 
startsite of P, transcription. The 1,300-bp DNA fragment car- 
rying the cI! gene was inserted into this site and transformants 
(Amp’) were selected in an E. coli A lysogen. In contrast to our 
initial results, recombinants were now obtained carrying the 
intact 1,300-bp DNA fragment positioned in both possible 
orientations relative to P,.-directed transcription. The desired 
recombinant, pKC30cll, carries the cll gene oriented correctly 
with respect to P, transcription, whereas the recombinant 
pKC30llc carries the same fragment inserted in reverse orien- 
tation. When these plasmids were used to retransform both 
lysogenic and non-lysogenic E. coli strains, pkC30Ic trans- 
formed both strains with high efficiency, whereas pKC30cII only 
transformed the lysogen with high efficiency and was unable to 
transform the non-lysogen. Apparently, the amount of repres- 
sor being synthesized in the single lysogen is sufficient to reduce 
cll expression in the pKC30clII derivative to a non-lethal level. 

To express the cll gene product in the lysogen, it was neces- 
sary to induce (derepress) the P, promoter, by using a lysogen 
which carried a temperature-sensitive mutation in the phage 
repressor gene (cl857)*°. Thus, raising the temperature of these 
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Fig. 1 Top: partial genetic map of bacteriophage A. The locations of the 
positively regulated promoters, P,, and P,, are indicated. These promoters 
are responsible for the coordinate expression of the phage lysogenic 
functions, repressor (cI) and integrase (int), respectively. Other major A 
promoters are also shown (Py, Pi, Po, Pe). Expanded below is the region 
encompassed by a 1,300-bp Haell DNA restriction fragment, which 
contains the cll gene and several other previously characterized phage 
regulatory sites (see below). Bottom: diagram of the construction of the 
plasmid vector which overproduces cII protein (pKC30cID). The Haelll 
restriction fragment was inserted into the single Hpal restriction site which 
occurs on'the’plasmid pKC30. This fragment contains the proposed site of 
recognition for the antitermination function N (NutR), the rho-dependent 
transcription termination site (R1), The Py promoter mutation cy3048 
(cy”), the: ell coding. region and the amino-terminal half of the O gene 
(0/2)7"*?45, The pKC30 plasmid is a derivative of plasmid pBR322 which 
contains a AindIH-BamHI restriction fragment derived from phage A 
inserted between the HindIII and BamHI restriction sites within the tetra- 
cycline gene of pBR322 (R. N. Rao, unpublished data). The A insert contains 
the promoter signal, P, , another proposed site of N recognition (NutL}, the 
N gene and the strong rho-dependent transcription termination signal, tL”°. 
The Hpal restriction site occurs within the N gene coding region”. Purified 
Haelll fragment (0.1 pmol) and Hpal-cleaved pKC30 plasmid (0.1 pmol) 
were blunt-end ligated** at 15°C for 14h and recleaved with Hpal after 
ligation. This DNA was used to transform a A lysogen carrying a tempera- 
ture-sensitive mutation (cI857) in its repressor gene. Amp" recombinants 
were obtained and screened by size and restriction for the presence of the 
insert. Recombinants were obtained carrying the insert in both possible 
orientations (described in text), Note that the final pKC30cII construction 
contains the transcription regulatory sites, NutL, NutR and tR1, preceding 
the cII gene. Preliminary studies indicate that high-level protein expression 
requires that the lysogen carry a functional N gene which is induced by 
temperature (A. Shatzman and M.R., unpublished). This N gene product 
presumably functions at the Nut sites to antiterminate transcription at tR1. 


cells (from 32 to 41 °C) inactivates the repressor, thereby turn- 
ing on transcription from the P, promoter (Fig. 1). We had now 
achieved the desired construction: the cII gene had been 
inserted into a high-copy number plasmid vector and was posi- 
tioned downstream from a strong, regulated promoter signal. 


High-level production and purification of the 
cll gene product 


Lysogens carrying either the pKC30cII plasmid or the control 
plasmid pKC30Ic were examined for their ability to synthesize 
proteins in response to temperature induction. Cells were initi- 
ally grown at 32 °C and then pulse-labelled with *°S-Met before 
and at various times after induction at 42°C (Fig. 2). Total 
cellular protein from each pulse was then characterized by 
electrophoresis on SDS-polyacrylamide slab gels. The results 


(Fig. 2A) indicate that two major polypeptides (of molecular 
weights (M,s) 10,500 and 32,000 respectively) are synthesized 
selectively in the pKC30cI]I lysogen in response to the tempera- 
ture shift (pKC30clI lanes g-!). Neither of these polypeptides 
are made in the lysogen carrying pKC30IIc. 

The molecular weight of the smaller peptide is appropriate to 
that expected for the cI gene product, as predicted by the DNA 
sequence of the cI] coding region'’. Moreover, this protein 
migrates identically with a polypeptide produced in a cell-free 
protein-synthesizing system (Fig. 2A, lane a) previously 
identified as cll (ref. 18 and C., Queen, unpublished results). The 
fact that the appearance of this polypeptide also depends on the 
correct orientation of the cll coding region and the temperature 
induction identifies this protein as the cII gene product. 

The other polypeptide induced in the pKC30clII lysogen is 
probably a fusion peptide which derives from the O gene region 
of phage A. The 1,300-bp DNA fragment inserted into the 
plasmid also contains information for the N-terminal 286 amino 
acids of the A O gene’®. The DNA sequence surrounding the 
Hpal fusion site?” predicts that 14 additional in-frame translat- 
able codons will be added to the 286 derived from the O gene 
before a translation termination codon occurs in frame. Thus, 
the P, transcript from pKC30cII encodes a 300-amino acid O 
gene fusion product (32,000-M, band) in addition to the cH gene 
product (the 10,500 band). 

The intensities of the cll and O fusion products indicate that 
they are being synthesized at high rates relative to the other 
cellular products (Fig. 2A, lanes g, h). As cll is thought to be a 
relatively unstable protein'*, we next examined whether the 
high rate of synthesis would lead to an accumulation of the cll 
protein in the cell. Again, lysogens carrying either pKC30cll or 
pKC30IIc were grown at 32 °C and temperature induced. After 
induction, total cellular protein was characterized on SDS- 
polyacrylamide gels and the major accumulated proteins detec- 
ted by staining (Fig. 2B, lanes c,d). The cH and O fusion 
products were readily identified and found as major accumu- 
lated products in the pKC30clIl lysogen (Fig. 2B, lane c). In 
these conditions cII protein was estimated to represent some 
4-5% of total cellular protein. The cI protein was purified to 
~98% homogeneity using standard procedures (Fig, 2B, lanes 
a, b). A detailed description of the isolation procedure and 
physical characterization of the protein will be given elsewhere 
(Y. Ho, H. S. and M. R., in preparation). 

The procedure used here to clone, overproduce and obtain 
the cII protein (as well as the O gene fusion peptide) should have 
general application to the production and isolation of other 
proteins in bacterial cells. Of particular interest might be those 
products whose overproduction proves lethal to the cell". The 
fact that the multiple copies of the highly efficient P,, promotor 
can be regulated in the single-copy lysogen allows cells to be 
grown initially without expression of the cloned function and 
then subsequently induced to produce the gene product. The 
rapidity of the induction procedure (1~1.5h for maximum cil 
production) ensures maximum expression of the function within 
a relatively short time period. The system is readily adaptable to 
the production of almost any gene product (prokaryotic, 
eukaryotic or synthetic) provided the DNA insert contains all 
the necessary information for translating the product in the 
bacterial cell. A similar cloning vehicle has been used to over- 
produce the bacterial pA gene product”, 


clI-dependent transcription from promoters 
Pg and P, 


We next examined the ability of RNA polymerase, in the 
presence and absence of pure cll protein, to interact with and 
initiate transcription from the Py and P, promoters. We initially 
used a nitrocellulose filter binding assay to monitor the inter- 
action, because RNA polymerase binds to DNA fragments 
containing promoters and forms heparin-resistant complexes 
which can be trapped on the filter”. Our assay results (Table 1) 
indicated that RNA polymerase alone cannot form a stable 
initiation complex at the P, site. In fact, the DNA fragment 
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Fig.2 A, autoradiogram of an SDS-polyacrylamide gel electrophoretic analysis of pulse-labelled proteins made in a Ac1857 lysogen carrying either pKC30cH (lanes 
g-l) or pKC30Ic (lanes a-f) at various times after heat induction. Cells were grown at 32 °C in minimal media (M56 supplemented with 0.5% glycerol and 25 pg ml” 
ampicillin)”. At Asso = 0.35 the temperature was raised to 42°C. Aliquots (50 wl) of these cells were pulse-labelled for 45 s with 35§.methionine (Amersham, 
1,000 Ci mmol”) immediately before (lanes f, !) and at 5 (lanes e, k), 10 (lane d, j), 20 (lane c, i), 30 (lane b, h) and 40 (lanes a, g) min after heat induction. After pulse 
labelling, the cells were frozen (dry ice bath) and precipitated with trichloroacetic acid (final concentration 10%). The precipitate was resuspended in sample buffer 
(30 ul, 5.0 M urea, 0.1 M dithiothreitol, 1% SDS), boiled at 95 °C for 5 min, and subjected to electrophoresis on a polyacrylamide gradient slab gel (10% acrylamide, 
0.25% bisacrylamide to 26% acrylamide, 0.325% bis-acrylamide) containing 0.1% SDS. The gels were dried and flygrographed**. Lane a contains an **S-labelled 
marker polypeptide synthesized in a cell-free protein-synthesizing system and previously identified as the cH gene translation product (ref. 18 and C. Queen, 
unpublished data). Molecular weights are shown in parentheses. B, an SDS-polyacrylamide gel analysis of proteins accumulated in a c1857 lysogen carrying either 
pKC301c (d) or pKC30cH (c) following a 40-min heat induction. Cells were initially grown at 32 °C as described above and at Asso = 0.7, the temperature was raised 
to 42°C for 40 min. Aliquots of these cells were analysed as above except that after electrophoresis the gel was stained with Coomassie brilliant blue R-250. The 
amount of clI was estimated by scanning the stained gel with a laser scanning densitometer (Zeineh). To purify the cll protein, cells transformed with pKC30cil 
plasmid were induced for 40 min at 42 °C. Cells were pelleted (8g), frozen and thawed, and then resuspended in 20 ml of buffer A (50 mM Tris-HCl, pH 7.6, 10 mM 
Na,EDTA) supplemented with egg-white lysozyme (Worthington, 0.5mg mi~'), After 20 min at 4°C, the cells were centrifuged at 30,000g for 20 min. The 
supernatant was precipitated with 40% ammonium sulphate and dialysed against buffer B (40mM Tris-HC1, pH 7.6, 2mM MgCl.) containing 30mM NaCl. The - 
sample was loaded on a DEAE-Sephacel (Pharmacia) column (2.5cm x 10cm) equilibrated with buffer B containing 30mM NaCl and eluted with a NaCl gradient in 
buffer B. Aliquots of each column fraction were analysed by SDS-gel electrophoresis and the fractions containing the 10,500-M, band (see text) were pooled and 
precipitated with ammonium sulphate. The precipitate was resuspended in 0.5ml of buffer B containing 0.1M NaCl and fractionated by Sephacryl $-200 (Pharmacia) 
gel filtration column (1cm x 35cm) equilibrated with the same buffer as sample. Aliquots of each column fraction were again monitored by $DS-gel electro- 
phoresis and the fractions containing the 10,500 band were pooled. Samples containing 1 ug (b) and 10 pg (a) of the final preparation of cH protein were analysed 
as described above. 





Table 1 Effect of cll protein on initiation complex formation 





Pe Pe Pe Po 

(cy™)  (cy3048) cy3008) 

(% ¢.p.m. retained on nitrocellulose 
DNA fragment filter) 
RNA polymerase 8 6 9 87 
RNA polymerase + cH 

protein 75 8 7 = 

cll protein 6 2 5 ~ 


AARC CCL 


The 1,300-bp DNA fragment (Fig. 1) was cleaved with restriction 
endonuclease HinclI and the products labelled at their 5’ termini with 
T4 polynucleotide kinase (Boehringer-Mannheim) and [y- "P]ATP 
(ICN, 2,000 Ci mmot”')**. The resulting fragments of 400 and 900 bp, 
which contain the Pg and Po promoters respectively, were separated by 
electrophoresis on a 4% polyacryiamide slab gel and recovered in pure 
form by electroelution. End-labelled fragments were prepared identic- 
ally from either A wild-type DNA (cy") or from mutant derivatives of A 
carrying single base pair changes in the Pg promoter signal (eyL3048 
and cyR3008, Fig. 5 and ref. 25). Transcription initiation complexes” 
were formed by incubating the appropriate fragment (in the presence of 
0.5 pg carrier DNA) with RNA polymerase (1.0 pg, Enzo Biochemi- 
cals) and/or cll protein (0.3 pg) ina 50 yl transcription reaction mixture 
(25 mM Tris-HCI pH 7.9, 80 mM KCI, 10 mM MgCl, 1 mM dithio- 
threitol) lacking the four nucleoside triphosphates. Reactions were 
incubated for 10 min at 37°C and then heparin (final concentration 
100 pg ml”'} was added and after 2 min the mixture passed through a 
nitrocellulose filter (Schleicher and Schuell B6). The filter was washed 
with 500 yl of transcription buffer and counted, and the percentage of 
counts retained on the filter determined (100% = 5,000 c.p.m.). 


containing Px was not filter bound by either RNA polymerase or 
cll protein alone, whereas a control fragment carrying the phage 
promoter, Po, was retained. When RNA polymerase and cll 
protein were combined, however, the Pe fragment was retained 
on the filter, suggesting that cII protein is required for RNA 
polymerase interaction at Pg. To prove that the binding was Pg 
specific, the experiment was repeated using the same DNA 
fragment obtained from two different phage derivatives carrying 
Pg point mutations***. One is a single base change in the —10 
region of the promoter (cyL3048) and the other is a base change 
in the ~35 region of the promoter (cyR3008). Each mutation 
eliminated filter binding (Table 1). Thus, the clIl-dependent 
RNA polymerase interaction is specific for the wild-type Px site. 

We also examined the effect of cII on the ability of RNA 
polymerase to initiate transcription from either the Pg or P; 
promoters in a purified in vitro transcription reaction. Tran- 
scriptions were carried out either in the presence or absence of 
purified cII protein using several different DNA templates. Two 
of these templates were constructed by inserting a A DNA 
fragment carrying either Pg or P, into the plasmid pBR322 (Fig. 
3). Before transcription each template was cut with a restriction 
endonuclease such that RNA polymerase initiating at either Pe 
or P; and proceeding to the end of the fragment would give rise 
to a discrete ‘run-off’ transcript. For each template a major 
RNA transcript of the expected size was obtained and its 
appearance depended completely on the presence of cll in the 
reaction (Fig. 4a, b). Several other discrete RNA products were 
obtained which apparently derive from other promoter signals 
contained on these plasmid derivatives (such as Pamo Pres Preps 
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Table 2 5'-end analysis of Pg and P; RNAs 





P 


E P; 
a-**P label a-?*P label 
GTP ATP UTP CTP 
T: pppAp* (0.6) ND ppp*Up*  pppUp* (0.2) 
ppp*Gp (0.4) — ppp*Up (1.8) 
Py ppp*G ND ppp*U (1.0) = 


Tı ND (p)ppApGp (p)ppUUCAG ND 





The Pg and Py transcripts were labelled in vitro with the indicated 
[a->*P]-nucleotides and gel-purified. After recovery from the gel, the 
following analyses. were performed. RNA was digested in separate 
reactions with ribonucleases P, and Tz and the products resolved by 
one-dimensional electrophoresis on DE81 paper at pH 1.7 (refs 27, 35). 
The products were identified by their relative mobilities using appro- 
priate markers. The numbers given in parentheses indicate the relative 
molar yield of each product (determined by scintillation counting of the 
product after its detection by autoradiography). RNA was also digested 
with T, ribonuclease and the products separated by two-dimensional 
fingerprinting procedures”’. The first dimension was electrophoresis on 
strips of Cellogel (Kalex) at pH 3.5. The second dimension was 
homochromatography on TLC plates of DEAE cellulose (Analtech) 
using homosolvent B. The 5'-terminal oligonucleotide was identified 
after digestion of each T; oligonucleotide with pancreatic ribonuclease 
and electrophoretic separation of the products in one dimension on 
DE81 paper at pH 3.5 {ref.'27). ND, not determined. 

* Indicates the labelled phosphate. 
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Fig.3 Diagram of the plasmids used as DNA templates for in vitro 
RNA transcription. a, The 3,600-bp SmaI~BamHI A DNA frag- 
ment containing P; was inserted between the Peull~BamHI site of 
pBR322. This plasmid was constructed in our laboratory by U. 
Schmeissner (unpublished data). b, The 1,300-bp Haelll fragment 
(Fig. 1) containing Pg was inserted into the HindIII restriction site 
of pBR322 using Hindli synthetic linkers (Collaborative 
Research). Note that this fragment also contains the Po promoter 
from which the 77 nucleotide-long RNA is transcribed (Fig. 4a, c 

and d)’*?. Restriction enzyme cleavage sites are indicated and 
their respective distances from the P, and Pg promoters noted 

when important to the description in the text. 
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Fig. 4 Autoradiograms of polyacrylamide-gel dlectrophoretic analyses of 
*Plabelled RNA transcripts synthesized in viro from several different 
DNA templates either in the presence (+) or absence (~) of purified cH 
protein. Molecular weights (x 10°) are shown in parentheses. a, The pBR332 
derivatives shown in Fig, 3a (carrying P,) and b tearrying Pp) were cleaved 
with restriction endonucleases Avall and Aval, respectively, and used as 
templates. The cll-dependent 270 nucleotide-long P, transcript and the 
130-nucleotide-long Pe transcript are indicdted. Also indicated. is the 106 
nucleotide-long transcript which derives from the ?,,, promoter located hear 
the replication origin of the plasmid*®, b, The pHIR322 derivative shown in 
Fig. 3a (carrying P,) was cleaved with HinlI aad used as template. The 
cll-dependent 137 nucleotide-long P, transcrip: is indicated. The longer 
discrete transcripts seen in this gel are RNAs which presumably initiated at 
Pump and Pu promoters. c, A DNA was cleaved with BgiTI and used as 
template. The cll-dependent 240 nucleotide-long P,-initiated RNA is 
indicated. d, The purified 1,300-bp A Haell restriction fragment (Fig. 1} 
obtained from either wild-type phage (cy") or phage carrying the cy3048 
point mutation in the Pe promoter (cy”) was used as template. The cti- 
dependent 190 nucleotide-long Py transcript is indicated as well as the 77 
nucleotide-longgRNA. All DNA templates were transcribed and analysed on 
4 or 5% polyacrylamide slab gels which contained 8 M urea as previously 
described’. The transcription reaction mixture (59 ul; asin Table 1 legend) 
contained the DNA template (0.5-2 ug), E. coli RNA polymerase holoen- 
zyme (3-5 ug; Enzo Biochemicals) the four nucleoside triphosphates (each 
at 200 uM) and [a-*PJATP, -UTP or -GTP (Amersham, specific activity 
300 Cimmol”'). When present, cl] protein was added to a final concen- 
tration of 10-20 pg mi~’ and all reactions were carried out at 37°C for 
20 min. 


Fig. 4). These transcripts were unaffected by the presence of cH 
in the reaction. Thus, cH selectively activates transcription from 
the P, and Pg promoters. 

The dependence of Py transcription on cll was also. demon- 
strated using a phage A DNA template. Total A DNA was 
cleaved with restriction endonuclease Bgill, which cleaves A. six 
times**. One of these cleavage sites occurs 240bp downstream 
from Px (ref. 14). In vitro transcription of the Bgill-cut template 
resulted in the appearance of a cll-dependent RNA product 
~240 nucleotides long (Fig. 4c). Two other well characterized A 
RNA transcripts were also resolved from these reactions: the 7? 
nucleotide-long Po-initiated RNA and the 192 nucleotide-long 
P,-initiated RNA’, The transcription of both these RNAs was 
unaffected by cI. In an analogous experiment using A DNA cut 
with restriction endonuclease -Avali (which cuts:265 bp down- 
stream from P,), we observed the predicted cll-dependent Pir 
initiated transcript (data not shown). 

We also examined the effect of a point mutation in the Py 
promoter on the ability to synthesize the cll-dependent tra 
script. The 1,300-bp Haelll DNA restriction fragmen! Feb. 
was obtained either from wild-type A. (cy") or from a muta E 
ae (cyL3048), and used as template: Trans : 

* DNA resulted in a major clisdependent 
nucleotides long (actually a doublet, tos Aah 
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Fig: 5 Comparison of the DNA sequence of the P, (refs 8-10) and P, (refs 

7, 11, 25) promoters. Only the non-template strands are shown. The 

cell-dependent transcription startsites used in vitro are indicated. Also shown 

(underlined) are the sequences in the ~10 region of both promoters and in 

the —35 region of the P, promoter which exhibit some homology to the 

conserved sequence found in other promoters for E. coli RNA poly- 
merase**, The boxed regions indicate 11 of 14 base pairs in the —35 regions 
of these two promoters which are identical. Note that the distance between 
the region of homology and the transcription startsites is exactly the same in 
each promoter. This region of homology has been proposed to be the site of 
positive activation''?>, The various cyR and c-yL mutations which eliminate 
Pe promoter function are indicated and also the can1 mutation which has no 
effect on Py promoter function but does not alter the second codon of the cH 
structural gene”*. The ATG initiation codon cll translation is also shown (on 
the opposite strand). The intC mutation®® which occurs in the ~10 region of 
the P, promoter and confers cll-independent, constitutive expression of int 
gene is designated. 
end of the fragment. Two-dimensional T,-fingerprint analyses 
identified both of the RNAs in the doublet as transcripts which 
initiated at the Pg site. The cy point mutation eliminated all 
cll-dependent P, transcription (Fig. 4d). 

Note that the cll requirement for transcription from both the 
P; and Pg sites seems absolnte. This is in contrast to transcription 
observed at other promoters which are positively regulated 
(such as Pacs Peas Pru)? Even in the absence of the positive 
effector some level of transcription, albeit low, is usually ob- 
served. Moreover, this low-level transcription can be increased 
by including glycerol in the transcription reaction”, This is not 
the case for Pg and P,; addition of glycerol (up to 25% v/v) in the 
absence of cII protein resulted in no detectable P, or Py tran- 
scription (data not shown). 


Fingerprint identification and 5'-terninal 
nucleotide analyses 


The identification of the in vitro synthesized cll-dependent 
RNAs as transcripts derived from the Pz and P, promoters was 
confirmed by two-dimensional T,-oligonucleotide fingerprint 
analysis (data not shown, see Table 2 and refs 7, 31). The T, 
oligonucleotides obtained from these fingerprints were 
compared and found to be identical to those predicted from the 
known DNA sequence of the regions immediately downstream 
from the Pg and P, promoters’~’®. In addition, we precisely 
positioned and quantified the 5’-terminal transcription startsites 
used in vitro by RNA polymerase at Ps and P, (Table 2). The 
results indicate that the cll-dependent Pg transcript initiates in 
vitro from the same sites used in vivo"', predominantly with 
pppA (60% ) and less often with the adjacent pppG (40%) (Fig. 
5). Analogously, the cll-dependent P, transcript also initiates in 
vitro from two adjacent sites, one major (80%) and one minor 
(20%), using in both cases a UTP starting nucleotide (Fig. 5). 
Again, the in vitro startsite coincides precisely with that demon- 
strated in vivo’? and constitutes the first demonstration both in 
vitro and in vivo of the use by RNA polymerase of a uridine 
triphosphate as the initiating nucleotide. 


Conclusions 


We have described the cloning, overproduction and isolation of 
the A cII gene product and demonstrated the general potential of 
this vector system for overproducing gene products which may 
be either lethal to the cell or rapidly turned-over. We have also 
shown that cII protein alone functions as the positive effector 
and turns on transcription from the two phage A promoters, Pe 
and P,, required for lysogenic development. 

A variety of other phage and cellular factors have been 
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implicated in the transcriptional activation process of A repres- 
sor and integrase expression” *, Speculations abound concerning 
the possible parts played by these various components in the Pe 
and P, activation mechanism. Our present finding, that cll 
protein and RNA polymerase alone are both necessary and 
sufficient to turn on P, and P, transcription in vitro, strongly 
implies that these other factors are likely to exert their effects 
only in an indirect fashion. 

The DNA structure which encodes the Pe promoter site also 
encodes the ribosome binding site information and the N- 
terminal coding region of the clI protein (Fig. 5). We previously 
speculated that if cll protein were the positive activator of PE 
transcription, then its site of action would overlap with its own 
translational regulating and coding information’. This is now 
clearly the situation. We also proposed that the positive effector 
would probably interact at Py in the —35 region’, because of 
(1) the complete lack of any P;, —35 region homology with other 
known promoter sites**: (2) the nature and positions of the —35 
region mutations associated with P} (cyR mutations); and (3) the 
extensive -35 region homologies exhibited between Pz and P, 
(Fig. 5). Recent experiments designed to probe the ability of cI 
to protect the Pg region from DNase cleavage (footprinting™’) 
indicate that cII is a DNA binding protein which interacts 
specifically in the -35 region of the Pg site (Y. Ho and M. R., in 
preparation). Apparently our ability to obtain cI in large quan- 
tity and demonstrate its function as a positive effector molecule 
now allows us to study directly the potential interactions of this 
protein with itself, the DNA template and RNA polymerase. 

We thank Dr R. N. Rao for providing us with the plasmid 
pKC30, Dr U. Schmeissner for construction of the pBR322 
derivative containing the P, promoter site, C. Brady for tech- 
nical assistance, R. Steinberg for photographic work, and P. 
Donoghue and G. Taff for typing and editing the manuscript. 
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The galaxy MCG8—11-11 inside the 0.093 square degrees 
error-box of the X-ray source 240551+466 (ref. 1), was 
recently found to be a Type 1 Seyfert galaxy’. A 40-arcs 
error-box from the A3 experiment on HEAO 1 has confined the 
X-ray emission to the nucleus or bar of this 14-m, galaxy’. The 
redshift is z = 0.0205 (ref. 2), corresponding to a distance of 123 
Mpc (Ho = 50 km s“* Mpc”). The 2-10 keV luminosity ranges 
from 5x 10*ergs™’ to 1.2 x 10“erg s~* (refs 1, 3). Hard X-ray 
emission above 20 keV from the region of MCG8 — 11-11 has 
been recently reported’, and the A2 experiment on HEAO 1 
has provided for the first time the emission spectrum of this 
object up to 30 keV (ref. 5). During a balloon flight on 30 
September 1979 from Palestine, Texas of the Milan/South- 
ampton (MISO) low-energy y-ray telescope, an excess at the 
3.90 level in the flux above 90 keV was detected from a region 
of the sky containing MCG8 — 11 ~ 11. The emission spectrum, 
evaluated in the energy range 0.02-19 MeV, has similar spectral 
characteristics to those observed with the same telescope and 
associated with the Seyfert galaxy NGC4151 (ref. 6). Both 
spectra show evidence for a high-energy cutoff close to 3 MeV 
and this feature could be interpreted on the basis of the 
‘Penrose-Compton scattering’ process’. A large amount of the 
observed low-energy y-ray diffuse background? could be 
produced by a few per cent of the X-ray emitting Seyfert galaxies 
having a y-ray luminosity comparable with that observed from 
the region of NGC4151 or MCG8— 11-11. 

The MISO telescope” consists of a ‘Compton-coincidence’ 
detection system inside a semi-active shield. The sensitive area is 
about 560cm* and the aperture is 3° FWHM in both the 
azimuthal and zenithal planes. For the September 1979 flight, 
the energy range was set to be 0.05-19 MeV. A passively 
shielded hard X-ray detector (20-280 keV) having an effective 
area of 600 cm’ and the same field of view of 3° FWHM was 
mounted parallel with the main telescope. A two-axis orien- 
tation system was used to point the telescope with a precision of 
about 0.3°. 

The region of the sky containing MCG8 — 11 — 11 was studied 
on 30 September 1979 between 8 h 34 min UT and 14 h 59 min 
UT. Five drift-scans were performed to survey the region 
contained within the coordinate points RA 5 h 14 min and 6 h 33 
min and centred on dec + 46.2°. The mean float altitude during 
the on-source periods was equivalent to an atmospheric pres- 
sure of about 4.2 mbar and the telescope was set at zenith angles 
between 16° and 33°. 

To minimize systematic variations in the background due to 
changes in the zenith and azimuth of the telescope, the data for 
each scan were analysed separately and the results statistically 
combined. The only significant source of systematic variation in 
the background was found to be linearly related to the changes 
of the residual atmospheric pressure between 3.7 and 4.5 mbar. 
For each separate scan the background, corrected. for the 
atmospheric pressure variation, was subtracted from the 
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measured on-source counting-rate. A mean excess of 3.340,85 
c.p.s. above 90 keV (2.9+0.8 c.p.s. above 260 keV from the 
y-ray telescope) was found when the cata from the five drift- 
scans were combined, 

In Fig. 1a, the correlation between the counting-rate excess 
above 260 keV and the angular distance between the estimated 
direction of MCG8 — 11—11 and the axis of the MISO telescope 
is shown. The error-box for the observed y-ray excess is plotted 
in right ascension and declination (for the 1950 equinox) in Fig. 
1b together with the 4U and HEAO 1 {A2)° error-boxes, The 
Ariel 5 error box! has about the same dimension of the filled 
circle showing the position of MCG8 — 11 ~ 11. The limits of our 
error-box are represented by the 1g points along the scanning 
direction, and by the total aperture of the telescope (6°) in the 
orthogonal direction, which represents the 100% probability of 
containing the emitting object. The uncertainty due to the 
pointing system has been included. The only M-ray source 
within our error-box, even if extended up to the 4o level, is 
MCG8-—11~—11, apart from the OSO 7 source 1M0600+46 
(ref. 10) for which the projection on the sky of the 1.14 square 
degrees error-box is not available. 

The same method of analysis was used to evaluate the contri- 
bution of the source in individual energy-loss channels of both 
the main telescope and the hard X-ray detector, between 20 keV 
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Fig. 1 a, y-ray excess count rate above 250 keV versus the angle 
between the axis of the MISO telescope and the estimated direc- 
tion of MCG8 —11 —11. b, The MISO error-box inright ascension 
and declination (for the 1950 equinox) is shown together with other 
astronomical data. The error-box of the CSO 7 X-ray source 1M 
0600 + 46 (ref. 10) is not available: The Ariel 5 error-box of the 
X-ray source 2A 0551 +466 (ref. 1) has about the same dimension 
of the filled circle showing the position of MCG8 11-21. The 
MISO error-box has 68% probability across the scan direction and 
100% across the other. The uncertainty duc to the pointing system: 
has been included. 
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and 19 MeV. A photon spectrum at the top of the atmosphere 
was obtained by means of a matrix inversion technique. which 
makes no a priori assumptions about the final shape of the 
emission spectrum. The absorption of photons in the residual 
atmosphere, the redistribution of photon energies through 
Compton interactions and pair-production, and the energy 
resolution of the detectors were taken into account. The error in 
this evaluation was estimated to be less than 10%. This photon 
spectrum is shown in Fig. 2 together with other measurements 
above 1 keV from the same region of the sky. 

Our 2o upper limits between 20 and 90 keV impose a severe 
constraint on the data fit at greater energies. In fact, an attempt 
to fit our data between 90 keV and 19 MeV with a single 
power-law photon spectrum leads to an estimated flux below 90 
keV, a factor of two greater than the corresponding 20 upper 
limits and to a reduced y*=2.77 with 4 degrees of freedom 
(~2.5% probability). Therefore, in a power-law representation 
of our spectral data a break, followed by a steeper spectrum, is 
needed between 2 and 4 MeV. At lower energies, the best fit is 
given by 


I(E) =7,9x 1073 Fo 040-7) 


corresponding to a reduced x? = 1.45 with 2 degrees of freedom. 
At higher energies the slope is about 3.8 if compatibility with the 
SAS 2 upper limit"! is required. 

In principle, we cannot exclude the possibility that the OSO 7 
X-ray source 1M0600 + 46 (ref. 10) might be associated with the 
Seyfert galaxy MCG8 ~ 11—11. On the other hand, the OSO 7 
error-box for this source is not available and therefore it is 
impossible to estimate the probability that the two X-ray sources 
are associated. 

Assuming that we have detected a y-ray emission from 
MCG8—11-—11 and taking into account that its X-ray flux 
varies by a factor of 2 to 3 without evident spectral index 
variation”'”, the HEAO 1 (A2)* and MISO spectra could be in 
reasonable agreement. 

The observed spectral feature at MeV energies is similar to 
that of the Seyfert galaxy NGC4151, in which a cutoff close to 3 
MeV has been indicated by the MISO telescope observation‘. 
The existence of the high-energy cutoff in the emission spectrum 
of these two Seyfert galaxies supports the suggestion’’ that a 
steepening of the spectrum between X-ray and y-ray energies 
may be a general characteristic of the active extragalactic 
objects. This suggestion was based on the comparison between 
some measured X-ray spectra of active galaxies (for example, 
MKNS01, Cen A, 3C273) and the corresponding positive 
results or intensity upper limits above 35 MeV. 

A model has been recently proposed’ in which the cutoff at 
MeV energies is expected to be a ‘universal’ feature of the 
emission by active nuclei of galaxies, provided that a rapidly 
spinning Kerr black hole (M > 10°. Mo) surrounded by a hot 
(T ~ 10° K) accretion disk exists within these nuclei. In these 
conditions, the Penrose-Compton scattering mechanism’? sto- 
chastically generates y-ray bursts with energies up to 3 MeV. 
The spectral shape is expected to be flatter than the X-ray 
spectrum in the tens of keV region and the burst duration is 
about AT ~(2.2h)x10°°M/Mo. Since the luminosity of 
MCG8 -11—11 in the energy range 0.09-3 MeV, as obtained 
from our data, is L(123 Mpc) = 7 x 10*° ergs” ', on the basis of 
this model a lower limit of 5 x 10° Mo is expected for the mass of 
the black hole. Thus, the y-ray burst duration should be greater 
than 4.6 days, consistent with no evident flux variation during 
the 6.5h observation of MCG8—11~11 by the MISO tele- 
scope. If we have detected a y-ray emission from both the 
Seyfert galaxies NGC4151 and MCG8~11-11 during a 
balloon flight, the bursts must be rather frequent, at least during 
some periods of higher activity in these galaxies. 

The spectrum of the cosmic y-ray background® shows a 
feature at MeV energies similar to that observed from the 
regions of MCG8~-11-11 (Fig. 2) and NGC4151 (ref. 6). 
Moreover, the y-ray background has a photon spectral index of 
about 1.7, not inconsistent within the statistical errors with those 
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observed at y-ray energies from these two galaxies. Assuming 
that the present data pertain to MCG8— 11—11, the contribu- 
tion of Seyfert galaxies to the diffuse y-ray background in the 
energy range 0.09-3 MeV can be estimated. The X-ray lumin- 
osity function for Seyfert galaxies obtained by the HEAO 1 
(A2) experiment leads to a local volume emissivity above 
Lxmin of™* 


L% g -0.75 
Bx(2-10 keV) = 2x 10" (==) ergs Mpe? 
Taking a y-ray background emissivity up to 3 MeV of B, = 
1.8 x 10%” erg s Mpc”? (ref. 15), the ratio of the two emissivi- 
ties is 
B,/ Bx = WL xmin/ 10%) 7 
Since Lxmin is in the range of (2-5) x 10** ergs”' (refs 14, 16), 
then 
B,/By=2.7-5.4 


For MCG8 ~11-—11 the ratio between the 0.09-3 MeV y-ray 
luminosity and the 2-10 keV X-ray luminosity is: 


7x 10** -1 
L,/Lx(MCG8-11~11)= x10” ergs 





(0.5~1.2) x 10% ergs? 
= (6-14) x 10? 
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Fig. 2 The photon spectrum observed by the MISO telescope 
from the region of MCG8— 11—11 is shown together with other 
measurements above 1 keV from the same region of the sky. When 
available, the date of observation is given. The dashed line 
represents the best fit power-law of the MISO data with a cutoff at 
about 3 MeV. The solid curve (ref. 4) represents the fit obtained by 
the authors assuming a bremstrahlung spectrum. 








Nature Vol. 292 9 July 1981 





For NGC4151 the observed y-ray luminosity is (0.5-2)x 
10 ergs” (refs 6, 17) and the 2-10 keV X-ray luminosity is in 
the range (3.5-7) x 10° ergs’ (refs 16, 18), giving: 


L,/Lx(NGC4151) = (1-5) x 10? 


Consequently, we could assume L,/Lx = 10° as a characteristic 
ratio for this sample. The comparison between L,/ Lx = 10° and 
B,/By =2.7-5.4 implies that few per cent of all the Seyfert 
galaxies with Ly (2-10 keV) > Lxmin = (2-5) x 10* ergs™ could 
produce the observed diffuse background in the 0.09-3 MeV 
energy band. And since the y-ray background produced by 
Seyfert galaxies cannot exceed the total cosmic background, 
only a few per cent of Seyferts can have y-ray luminosities as 
high as those observed from NGC4151 and MCG8-— 11-11. 

We thank E. Boldt and D. Leiter for helpful comments and 
suggestions on this paper. 
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Although chondrules have been extensively studied chemi- 
cally”, petrologically™* and experimentally’*, their origin is 
still not certain. I discuss here whether chondrules were 
condensed directly from the primitive solar nebula”™ or were 
formed from precursory materials by various mechanisms, such 
as high velocity impact of small bodies’*”’, impact on the surface 
of a parental body'*"* or dust fusion'*"*. Investigations of an 
Antarctic meteorite suggest that chondrules could have formed 
through melting of pre-existing materials. 

The Antarctic meteorite ALH-77015(L3) has closely packed 
chondrules which show wide variations in texture, bulk chemical 
composition and mineralogy (work in preparation). They are 
classified into four textural groups; barred, radial, glassy and 
porphyritic chondrules. The porphyritic chondrules are most 
common and show wide variations in their crystal/liquid 
(groundmass) ratios and crystal shapes. Several chondrules 
contain two types of olivine. One, which has numerous dusty 
inclusions and a fuzzy ‘dirty’ appearance, is always found near 
the centre of the chondrules as a large anhedral grain, or as 
disaggregated small anhedral grains (Fig. 1a, b). The other is 
euhedral small grain which exists around the former olivine and 
has clear feature. This clear olivine also overgrows the ‘dirty’ 
large olivine crystal (Fig. 1 c, d). 

These two types of olivine have different chemical composi- 
tions. Figure 2a shows the zonal pattern of MgO across the dirty 
and clear olivines in chondrule 2-4 (Fig. 1d). The dirty olivine 
shows ‘reversal’ zoning where the core is more enriched in iron 
than the rim. In contrast, the clear olivine shows ‘normal’ zoning 





Fig.1 a, Chondrule 2-1 containing a relic olivine. r, Relic olivine 
showing large, dirty and anhedral appearance; c, crystallized 
olivine showing small, clear and euhedral appearance, g, glass. 
b, Chondrule 2-2. Scanning profile of MgO across the grain 
between the arrows is shown in Fig. 2b. c, Closed view of relic 
olivine in chondrule 2-3, Clear part around the relic olivine is 
overgrown olivine. Scanning profile between the arrows is shown in 
Fig. 2c. d, Closed view of chondrule 2-4. Scanning profile between 
the arrows is shown in Fig. 2a. 


where the core has more magnesium than the rim. It is imposs- 
ible to form both types of olivine from a liquid during a single 
crystallization process. The dirty and relatively iron-rich olivine 
is probably a relic mineral which was originally rich in iron and 
was not completely melted when it was heated. On the other 
hand, the clear olivine seems to have crystallized directly from 
the liquid, which was probably formed by melting of the pre- 
existing olivine, pyroxene and plagioclase. The fact that the 
overgrown rim of the relic olivine has the same composition as 
the clear one (Fig. 2a) supports this hypothesis. Figure 2b, ¢ 
show the zonal patterns of MgO in the relic olivine with over- 
grown rim in chondrules 2-2 (Fig. 1b) and 2-3 (Fig. le). The 
overgrown olivine has more magnesium than the relic part, and 
there is compositional discontinuity between them. 

The two types of olivine are also distinguished by their minor 
element content. Figure 3 shows the CaO content compared 
with Xus(Mg/Mg + Fe) of the two olivines in four chondrules. In 
all cases, crystallized olivine contains more CaO than the relic 
olivine. In general, the olivine that crystallized at high tempera- 
ture or that crystallized rapidly contains more CaO (ref. 19). 
This fact supports the suggestion that the clear olivine is crystal- 
lized from the liquid when the chondrules were heated and that 
the dirty olivine is a relic mineral which had been equilibrated at 
lower temperatures before chondrule formation. 

Relic olivine is the first direct evidence for the presence of 
precursory material in the formation of chondrules: that is at 
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Fig. 2 a, Scanning profile of MgO in crystallized olivine and 

olivine in chondrule 2-4. Scanning position of relic olivine is shown 

in Fig. 1d. Chemical compositicn of rim of the two olivines is equal. 

b, Chondrule 2-2. Scanning position is shown in Fig. 1b. Over- 

grown part contains more MgO than the relic part. c, Chondrule 
2-3, Scanning position is shown in Fig. 1c. 


least some chondrules were net condensed directly from the gas 
of primitive solar nebula. In the present case, the relic olivine is 
so large that it can easily be distinguished from the crystallized 
olivine. However, if the relic olivine were small and/or were 
nearly completely melted, it would be difficult to distinguish relic 
minerals from the crystallized ones. 

Some chondrules were, therefore, not necessarily crystallized 
from the completely melted liquid. In this case, the maximum 
temperature of chondrule formation would be lower than the 
liquidus temperature of chondrules, which is about 1,300- 
1,700 °C (ref. 8), and be consistent with recent experimental 
results (refs 8,20, and H. N. and A. Tsuchiyama, in prep- 
aration). Dodd* has discussed whether the microporphyritic 
chondrules were formed by fragmentation of rocks which crys- 
tallized from liquids and whether they are different in origin 
from the remelted chondrules such as barred or radial ones. 
Although his model seems to explain the difference in chondrule 
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Fig.3 CaO content in relic (©) and crystallized olivine (@) in four 
chondrules. a, Chondrule 2-1; b, chondrule 2-2; c, chondrule 2-4; 
d, chondrule 2-3. 


texture, it does notaccount for microporphyritic texture which is 
difficult-to form from wholly melted materials. The existence of 
pre-existing materials in the nucleus is an effective explanation 
for both the formation of porphyritic or microporphyritic 
minerals (H. N. and A. Tsuchiyama, in preparation). The fact 
that the bulk composition of the chondrules, which were clearly 
crystallized from the liquid, are mixture of olivine, pyroxene and 
plagioclase?" also strongly suggests that such chondrules at least 
were formed by melting of pre-existing materials. 

I thank Professor I. Kushiro for discussions and reading the 
manuscript, also T, Nagata and K. Yanai for providing the 
sample. 
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It has been argued™” that the early Precambrian atmosphere 
contained a negligible amount of oxygen and that the transition 
to the modern oxygen-rich atmosphere began some 2,000 Myr 
BP when photosynthetic oxygen produced by blue-green algae 
oxidized ferrous iron in solution and escaped from the ocean to 
the atmosphere. Others’ have argued for an even earlier occur- 
rence of an oxygen-rich atmosphere. Although photosynthesis 
has provided the oxygen of the present atmosphere, the pho- 
tosynthetic model for Precambrian oxygen production has 
difficulties. There is the problem of identifying the large deposits 
of reduced carbon needed to account for the red beds? and the 
predominant role of photosynthesis as an oxygen source in the 
early Precambrian has been questioned on both biochemical 
and geochemical grounds*. Before photosynthesis. the only 
possible abiotic source of atmospheric oxygen would have been 
the direct photodissociation of water vapour by solar UV pho- 
tons. What atmospheric oxygen level could have been produced 
by this purely abiotic process? It has been argued® that the 
abiotic oxygen level was entirely negligible, $107 PAL 
(present atmospheric level), but this assumed that the water 
vapour content of the palaeoatmosphere was the same as at 
present with a constant H,O mixing ratio of 3.8 p.p.m. above an 
altitude of 10 km. I argue here that this is too restrictive an 
assumption and calculate possible atmospheric oxygen levels for 
larger water vapour mixing ratios which cannot be ruled out by 
our limited knowledge of Precambrian conditions. Even a 
moderate oxygen content for the early Precambrian atmosphere 
could have had significant evolutionary implications because a 
biologically effective UV ozone sereen would be established 
once the oxygen content exceeded 107° PAL (refs 7-11). 
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In abiotic conditions the production of free oxygen in excess 
of atmospheric and surface oxidation would have depended on 
the amount of water vapour in the lower palacoatmosphere and 
on transport processes that governed the escape rate of hydro- 
gen through the exosphere. Abiotic production of atmospheric 
oxygen is limited by transport rather than by the water vapour 
photodissociation rate and, provided the exospheric tempera- 
ture exceeds ~500 K, the hydrogen escape rate is given approx- 
imately by the limiting flux condition” 


b 
p=— 1 
ge (1) 


where b is the binary diffusion parameter, H is the atmospheric 
scale height and fio is the total hydrogen mixing ratio at the 
homopause. Kasting et al." have noted that the limiting flux 
condition may not apply exactly for palaeoatmospheres having 
high hydrogen escape rates (fia 1075) and low mesospheric 
oxygen contents (107% PAL) owing to the partial ineffective- 
ness of ion-molecule reactions in converting H into H in the 
thermosphere. Throughout most of the range of present inter- 
est, however, the limiting flux condition should provide a 
sufficiently good approximation. 

For the Earth's atmosphere, b/ H ~2 10" cm™?s™ and the 
present stratospheric water vapour content of ~4 p.p.m. imply a 
hydrogen escape rate of ~1.6 10° H atoms cm” s”’. This is 
less than the current hydrogen emission rate from volcanoes 
estimated® as V2.510°H atoms cm™ s”’. Thus abiotic 
processes are now a negligible source of atmospheric oxygen and 
a net production of oxygen by photodissociation could have 
occurred in the past only for palaeoatmospheres containing 
significantly more water vapour than does the present atmos- 
phere. It is unlikely that a highly reducing atmosphere could 
have survived for long under the photolytic influence of the solar 
UV radiation and it will be assumed that after an initial period of 
rapid outgassing the palaeoatmosphere'® consisted mainly of 
carbon dioxide, water vapour and nitrogen with a volcanic 
emission rate comparable to the present value. With these 
assumptions the net hydrogen escape rate is 

b= o—- V ~(2X10 fe 2.5X 108) Hatomsem™’s™' (2) 
Larger values of fiw imply increased rates of hydrogen escape 
(and hence oxygen production) but the oxygen level achieved 
depends on the loss rate. For the assumed palaeoatmosphere 
that does not contain large quantities of reduced gases the major 
loss process would be surface oxidation once the hydrogen 
escape rate exceeded the volcanic emission rate. Oxidation rates 
in present conditions probably vary as some fractional power of 
the atmospheric oxygen content’’ because they depend on the 
rate of exposure of surface materials as well as on the intrinsic 
properties of those materials. At low oxygen levels in a 
palaeoatmosphere the supply of oxygen rather than the 
exposure of fresh material would have been the limiting factor 
and, following Brinkmann”, the oxidation rate L is assumed to 
have been proportional to the oxygen content n (02) 

[t= 2a (3) 
where 7 is a characteristic time for surface oxidation. At equilib- 
rium the loss rate L is equal to the oxygen production rate P that 
corresponds to the net hydrogen escape rate given by equation 
(2). 

The equilibrium atmospheric oxygen levels calculated with 
P =L are shown in Fig. 1 for r= 0.1-100 Myr and fi = 10%- 
107. Brinkmann’? investigated Precambrian oxygen produc- 
tion and surface oxidation for a range of r between 1 and 
100 Myr. Hart’? assumed that r was ~20 Myr. The solid lines in 
Fig. 1 at 7 values of 1 and 10 Myr bracket the present oxidation 
time estimated by Holland as 3 Myr. 

The very dry stratosphere of the present atmosphere*””! is 
considered to result from circulation and condensation through 
the cold tropical troposphere with a typical temperature of 
~195 K corresponding to a saturated humidity of ~4.5 p.p.m. 
Because of the approximately exponential dependence of 
humidity on temperature the water vapour content of the 
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Fig. 1 Equilibrium abiotic oxygen content (PAL) as a function of 
surface oxidation time (7 yr) and total hydrogen content (frog) in the 
lower atmosphere. Temperatures that would produce a water 
vapour content equal to fio for a notional cold trap at 15 km are 
indicated. The solid lines bracket estimates of the present surface 
oxidation time constant. Note that the atrnospheric oxygen content 
is negligible unless fio exceeds its present value so that exospheric 
hydrogen escape overwhelms volcanic hydrogen input. 


stratosphere would vary rapidly with changes in the temperature 
of the atmospheric cold trap. If, for example, the polar tropo- 
pause at ~225 K were the controlling temperature the strato- 
spheric water vapour content would increase by nearly two 
orders of magnitude. Figure 1 alsc shows notional ‘trap 
temperatures’ corresponding to particular values of fia even 
though the palaeoatmosphere may not have had a true tropo- 
pause. 

It is unlikely that the palaeoatmosphere would have possessed 
the particular combination of temperature profile and circula- 
tion pattern that produces the very dry stratosphere of the 
present atmosphere. That substantial changes in the radiation 


‘balance of the atmosphere have occurred during geological time 


is implied by the fact that the Earth’s surface temperature has 
remained within the range 0-100 °C (as indicated by geological 
evidence for the continued presence of large amounts of liquid 
water) even though theories of stellar evolution imply that the 
Sun has brightened” by 30-40% since it first joined the main 
sequence some 4,500 Myr ago. Sagan and Mullen” suggested 
that an ammonia greenhouse might have kept the Earth’s mean 
surface temperature above the freezing point of seawater but it 
is unlikely that'an ammonia-rich atmosphere could have persis- 
ted throughout the early Precambrian and a more probable 
explanation is that the greenhouse effect was provided by a CO, 
rich palaeoatmosphere****. Other possible explanations for the 
non-freezing of the oceans under the weak early Sun are changes 
in the albedo or the rotation rate of the Earth. Any such 
explanation would profoundly affect the temperature profile 
and water vapour content of the palaeoatmosphere. 

The range of total hydrogen contents, fos shown in Fig. 1 
corresponds to notional cold trap temperatures at 15 km 
between 190 and 250K. Figure 1 only indicates a range of 
possibilities for the equilibrium abiotic oxygen content of a 
palaeoatmosphere and any conclusions based on our meagre 
understanding of the Precambrian environment must be very 
tentative. The available evidence does, however, suggest that 
the Precambrian lower atmosphere may have been warmer and 
moister than at present so that significant quantities of atrnos- 
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pheric oxygen could have been produced by abiotic means. 
Surface temperatures as high as 52 °C (325 K) at 1,300 Myr BP 
and 70 °C (343 K) at 3,000 Myr BP are suggested by the chert 
measurements of Knauth and Epstein”. Schopf? has sum- 
marized evidence indicating Precambrian ocean surface 
temperatures of 50-70 °C. Model atmosphere calculations? 
also suggest that early Precambrian surface temperatures may 
have been warmer than at present owing to the atmospheric 
greenhouse effect provided by a dense carbon dioxide blanket. 
For oxygen deficient atmospheres the photochemical region 
extends well down into the lower atmosphere with the water 
vapour photolysis rate being a maximum at an altitude of ~5 km 
(ref. 6). The hydrogen escape rate in the limiting flux condition is 
set by the water vapour content at the 10-15 km level and above 
~20km hydrogen molecules replace water vapour as the 
dominant hydrogen species. Even if the atmosphere is very cold 
above 20 km it will not affect the water vapour level that fixes the 
limiting flux. 
Model atmosphere calculations suggest significant warming of 
the lower atmosphere in Precambrian conditions, The Pre- 
cambrian models of Morss and Kuhn” indicate temperatures 
~15°C warmer than at present at 15 km which would imply 
wot ~ 10° and n(O2)~ 107? for present day surface oxidation 
rates and n(O2)~ 107? for 10 times the present oxidation rate. 
These models, however, neglect variations in solar luminosity 
and more detailed calculations of palaeotemperature profiles 
are required before any very firm conclusions can be drawn from 
the models, Larger values of n(O,) are implied by the chert 
measurements of Knauth and Epstein?” which indicate a possi- 
ble surface warming of (40-50 °C). If this warming had extended 
throughout the lower palaeoatmosphere (if the lapse rate had 
been similar to the present one) the chert temperatures would 
imply total hydrogen fractions fio at 15 km in the range 107- 
107”. In these conditions equilibrium abiotic oxygen levels 
n (O2) could have reached 0.1 PAL unless surface oxidation rates 
were substantially greater than at present. Thus if the tempera- 
tures were as high as suggested by the model atmosphere 
calculations and by the chert measurements abiotic atmosphere 
oxygen levels could have approached 107° PAL (even for a 
surface oxidation rate 10 times the present) and may have 
reached 10°?~-0.1 PAL during any particularly warm and moist 
Precambrian conditions. Atmospheric oxygen in such amounts 
would have been sufficient to have produced a biologically 
effective Precambrian ozone shield’*''. The present calculations 
are consistent with the geological results of Grandstaff*’ who 
has shown that the occurrence of detrital uraninite does not 
require an essentially anoxic early Precambrian atmosphere. 
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The recent suggestion’ that surface viscosity effects can arise 
from the molecularly diffuse nature of a fluid surface or interface 
has prompted this re-examination of data concerning capillary 
waves on the surface of water. Previous work? has shown that 
the propagation of such waves is not compatible with the 
predictions of accepted theory for a surface having no abnormal 
rheological properties. These apparent discrepancies can be 
resolved in terms of one of the surface shear viscosities predicted 
by Goodrich. The existence of such surface viscosities for pure 
water suggests that caution must be exercised in interpreting 
surface viscosities observed for surface films in terms of 
molecular structure of, or interactions within the films. 

Capillary waves on a fluid interface propagate in a manner 
governed by the viscoelastic properties of the system. The 
evolution of the waves in time can be described (in two dimen- 
sions; x in the surface) by a vertical displacement 


£ = fo cos (qx) exp (at) (1) 


where q is the surface wave-vector (27/A) and a is a complex 
frequency: 


a = iw ~T (2) 


In the case of clean liquid-air surface there is a well-established 
dispersion equation’ (based on linearized hydrodynamic theory) 
relating a to q and to the physical properties of the fluid. In 
first-order approximation this predicts a frequency 


w*=00q"/p (3) 
and the damping constant 


T= 2n0q"p (4) 


where oo and no are respectively the surface tension and the 
dynamic viscosity of the liquid. Non-propagating surface modes 
exist for sufficiently large q; they are not of present concern. 
Higher-order approximations for w and T can be derived; they 
essentially agree with exact numerical solutions of the dispersion 
equation”. Careful experiments” on thermally excited capillary 
waves of small amplitude on a water-air interface do not agree 
precisely with this theory. The observations imply a viscosity no 
rather above the accepted value for water. Modification of the 
dispersion equation to allow for the viscosity of air“ only parti- 
ally removes these systematic discrepancies. It has not been 
clear to date whether the discrepancies arise from the lineariza- 
tion of the hydrodynamic equations or from some modification 
of the properties of water close to the surface. Persuasive 
arguments can be presented against the former possibility. 
Recently Goodrich’ has shown that the molecularly diffuse 
interfacial region between two fluids displays anisotropic 
momentum transport parallel to and normal to the interface; 
this anisotropy leads to surface viscosity effects. Goodrich 
identifies four surface viscosity effects, two (x and xy) describing 
dilational viscosity within and normal to the interface and two 
(7 and ny) describing shear viscosity. These surface viscosity 
coefficients are usually associated’ with the viscoelastic 
behaviour of a fluid interface supporting a surfactant monolayer. 
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There seems, however, to be no a priori reason why such effects 
should not arise for clean fluid surfaces or interfaces. Goodrich’s 
theory thus justifies an examination of the second possible 
explanation mentioned above. 

Surface viscosity effects due to surfactant monolayers exert 
well-understood effects on capillary waves’. The predominant 
effect of the additional viscous dissipation is to increase the 
effective damping of the waves. Goodrich” % shows that xy has 
no part in the linearized theory of capillary waves; further the 
shear modes decouple from the other modes and are not obser- 
ved in the experiments mentioned above (these involve the 
scattering of light, which does not couple to surface shear 
modes). The hydrodynamic theory is generalized by introducing 
frequency dependence to the surface tension: 


o(w) = oot+iwnn (5) 
and a frequency dependent surface compressibility: 


e(w) = eotiwK (6) 


Classically eo, « and ny are all zero for clean surfaces but may 
assume non-zero values in the presence of a surface film. The 
spectrum of light scattered by surface waves reflects their 
temporal evolution (experiments directly yield values for w and 
T); the theoretical form including surface viscosity effects has 
been calculated’ and can be used to estimate the viscoelastic 
properties of interfaces. ; 

The effects of x and nyon w and T are shown in Fig. 1; the two 
coefficients are seen to have very different effects. The increase 
in T caused by x seems to saturate, whereas that due to ny 
increases until eventually the capillary waves become over- 
damped. These effects of ny are similar to those of an increased 
value of bulk viscosity, 71o. The various surface viscosities have 
quite different effects on the dispersion properties of surface 
waves. Figure 2 shows that the relative effect of x on P is 
approximately independent of q whilst that due to ny increases 
with q. The effects of x and nx are comparatively small and 
rather large values were chosen for Fig. 2 to accentuate the 
general trends. The differences in behaviour of w with q, if 
plotted on Fig. 2, would not be distinguishable (except for the 
higher nw value at q > 1,500 cm™ pA 

Also shown in Fig. 2 are data? on T for waves on clean 
water-air surfaces; the data deviate increasingly from the clas- 
sical assumptions (£o = 0, x = nin = 0) as q increases. The wave 
frequencies are uniformly close to those for the classical 
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Fig.1 The effects of surface viscosity (ny and x) on the frequency 
and damping constant of capillary waves (q = 400 cm” 1) on water. 
Note the different scales for œ and for F. 
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Fig. 2 The variation of I with q for water under various assump» 

tions about the surface: Paneer, classical surface, K = Nw = Oy ee m . 

nn = 0 and « = =2x 1075 sP (lower line) and 10°* sP; ~~, « =0 

and 4n = 2x 107° sP (lower line) and 107 “4 sp Also shown are the 
data of ref. 2 for water at 20°C. 


assumptions’, Taking as minimal assumptions the accepted 
values go = 72.75 dyne cm” ‘and No = 1.002 cP (appropriate to 
T =20°C) and ¢9=0dynecm™, values for « and yẹ can be 
estimated using these data, The overall maximum likelihood 
estimates are x = 0 sP (surface Poise—mN m™™ $) and ay. = 1.2 
(40.4) x 10° sP. The upper limit on « is 1.5 x 107° sP. The limits 
quoted in both cases are 95% confidence limits. 

Unfortunately quantitative data for comparison with that. of 
ref. 2 is scarce. Several studies of capillary waves. on water have 
used similar experimental techniques to those of ref. 2. The 
tabulated data of Langevin” are all compatible with the present 
conclusions apart from the lowest q value investigated, for which 
the instrumental correction to F is largest, Bird and Hills’ derive 
a bulk viscosity slightly above the accepted value. The data of 
Hard et al." yield estimates of yo below the accepted value; in 
this study, however, instrumental corrections were only made 
approximately and may have been overestimated, The damping 
of mechanically generated capillary waves on water" seems to be 
consistent with the present conclusions. 
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Random network models of glass structures’ provide satis- 
factory qualitative descriptions of many properties of glasses 
(see reviews in refs 2~4). However, to obtain good quantitative 
agreement between theoretical analyses and experimental 
observations*”" it is often necessary to assume that specific ring 
structures in the random networks have special importance. In 
the case of vitreous silica (v-SiO,), distributions of loops of SiO, 
tetrahedra in the random network have been invoked” to 
match calculated and experimental X-ray radial distribution 
functions (RDF). High resolution X-ray photoelectron 
spectra’ of v-SiO, and quartz also provide evidence for the 
occurrence of four-, six- and higher-membered rings of SiO, 
tetrahedra in v-SiO,. Raman spectra are also sensitive to local 
microstructures in vitreous solids. We have therefore examined 
the question of rings in the structure of v-SiO, by comparing its 
Raman spectrum with spectra of crystalline silica polymorphs 
whose shortest loops contain four (coesite) and six (for example, 
a -quartz) tetrahedra. This comparison indicates that the sharp 
shoulder at 490 cm™ in the spectrum of v-SiO,, previously 
attributed to a defect structure’ or a longitudinal optic mode! à 
can be assigned to four-membered ring structure. We discuss 
here possible basis for the stability of four-membered rings of 
SiO, tetrahedra in v-SiO, at ambient pressure. Possible reasons 
for the absence of the 490 cm™ band in the vibrational density- 
of-states derived for a random network model by Bell and 
co-workers '*"* are discussed. 

Figure 1 shows first-order room-temperature Raman spectra 
of polycrystalline samples of a-quartz and coesite and a bulk 
sample of high purity v-SiO.. These spectra were measured in 
the 90° scattering configuration with a Jobin-Yvon Raman 
spectrometer and 488-nm line of an argon ion laser’®. The 
positions and spectral characteristics of the bands in these 
spectra are given in Table 1. Examination of these spectra 
suggests that the very strong band at 437 cm™' and the sharp 
shoulder at 490 cm”! in the spectrum of v-SiO, are related to the 
strong bands at 465 and 521 cm” in the spectra of a- quartz and 
coesite, respectively (Table 1). 

Theoretical analyses'’’° of the vibrational spectrum of v- 
SiO, have indicated that the 437 cm™' band belongs to v,(Si-O- 
Si), the symmetric stretch. In this mode, the bridging oxygen 
moves along the line bisecting the Si-O-Si bond angle. The 
frequency of this mode is sensitive to both the Si-O-Si bond 
angle and the Si-O band length'*!°. A third parameter which 
could affect v.(Si-O-Si) is the short-range connectivity of the 
network structure. Raman data for framework aluminosilicates 
with four-, five- and six-membered rings of TO, tetrahedra 
(T=Si or Al) indicate that, among crystals of isochemical 
compositions, the frequency of »,(T-O-T) increases with 
reduction in the ring size (Table 2). This correlation implies that 
the band at 437 and the shoulder at 490 cm™ in v-SiO, arise 
from tetrahedral network structures, composed of six- and 
four-membered rings, respectively. That these bands occur at 
lower frequencies in the spectrum of v-SiO, than in the spectra 
of the crystalline polymorphs is probably due to differences in 
Si-O-Si bond angles in the rings in v-SiO, and the crystalline 
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Table 1 Frequencies of the bands observed from Raman spectra 








a-Quartz Coesite Silica glasst 
(em™) (em) (em™') 
— 77s 68 s, bd, wp 
128 s* 116s 
= 151 m 
== 176s 
207 s, bd 204 m 
— 220 w 
264 m 269s 
_ 314m 
_ 326m 
356 m 355 m 
395 msh) 
— 427 m 4 
465 vs 466 m 437 vs, bd, p 
— 521 vs 490 s(sh), p 
se oo 606 w, p 
696w = ~ 
795 wish) 785 w ~ 
807 w BIS w 797 w, bd, dp 
= 837w 830 w(sh) 
~ 1,036 w = 
1,066 w(sh) 1,065 w 1,060 w, bd, dp 
1,083 w 1,144 w — 
1,161 w 1,164 w 1,190 w, bd, dp 
1,231 w — — 


memanen 

Measurement accuracy in the spectra of crystalline polymorphs, 
+2 cm™" for weak band and +1 cm for strong bands; in the spectrum 
of SiO, glass, +4 cm™! for sharp and strong bands and +10cm™! for 
broad and weak bands. 

*w, Weak; s, strong; vs, very strong; bd, broad; sh, shoulder; p, 
polarized; dp, depolarized. 

+ The arrow indicates the presence of a strong continuum between the 
band maxima. 


polymorphs. Raman measurements of a-quartz under high 
pressures have shown that the frequency of the 464 cm”! band is 
sensitive to compression”*. Studies of neutron irradiated v-SiO, 
also show that the frequencies of these bands increase on 
densification of the vitreous silica”, 

The large halfwidth of the 437 cm™' band of v-SiO, (Fig. 1) is 
usually attributed to the dispersion of Si-O-Si angles. However, 
the position of »,(Si-O-Si) also depends strongly on ring size 
(see Table 2). Thus, the v,(Si-O-Si) vibrational modes of five-, 
seven- and higher-membered rings of SiO, tetrahedra, which 
may also be present in the random network, may be responsible 
for the broadening of the 437 cm™! band. 

The v-SiO, band at 606 cm™', which has been attributed to 
defects'*”’, has no counterpart in the spectra of silica poly- 
morphs (Fig. 1). Our data, therefore, support its assignment to 
defect structures involving partially broken Si-O bonds in the 
network”. 

The 400-600 cm™' region of the Raman spectrum of v-SiO, 
thus suggests that at least three different types of structural 
configurations occur in v-SiO,. Each of these configurations, of 
course, will be associated with a range of Si-O-Si bond angles 
such that the material lacks long range order. The broad and 
complex bands in the 700-1,200cm™' region of the v-SiO, 
spectrum (Fig. 1) also may be attributed to the presence of at 
least three different types of structural groups in metastable 
equilibrium in v-SiO,. 

The presence of three different types of structural groups in 
v-SiO, can be further supported by the density and Raman 
data*’ on neutron irradiated v-SiO,. Both the density and 
intensity of the 490 cm™' band of v-SiO, increase on exposure to 
neutrons, and both properties show maxima at 5 x 10° neutrons 
em™*. Neutron irradiation increases the intensity of the 
606 cm” band at an even faster rate than the intensity of the 
490 cm™! band, but the 606 cm™ intensity does not show a 
maximum. In contrast, the intensity of the 437 cm™' band of 
unirradiated SiO, decreases with increasing exposure to neu- 
trons”. The different responses of the 437, 490 and 606 cm”! 
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bands of v-SiO, to neutron irradiation clearly demonstrate that 
these bands belong to different species. The observed maxima in 
the intensity of the 490 cm™' band and in the density at 5 x 10° 
neutrons cm? can be attributed to the conversion of the five-, 
six- and higher-membered rings of SiO, tetrahedra into four- 
membered rings. 

Recently, Mikkelsen and Galeener’’ reported that both the 
density and the intensity of the 606 em™' band of v-SiO, 
(Suprasil W1) increase with the’ fictive temperature. The 
intensity of the 490 cm™' band was also enhanced as the fictive 
temperature of v-SiO2 increased (see Fig. 1 in ref. 29), although 
the magnitude of the increase could not be precisely determined. 

The increase of the intensity of the 606cm™' band with 
increasing fictive density suggests either that a higher density 
structure is responsible for the 606 cm™' mode, or that, while 
most of the network relaxes to a denser than average structure, 
this is accompanied by an increase in the concentration of a less 
dense structure responsible for the 606cm™' band’, The 
Raman data” on neutron-irradiated v-SiO, clearly show that 
the 606cm™' band belongs to a less dense structure. At 
exposures of 2x10° neutrons cm”, the intensity of the 
606cm band is 1.4 times that for v-SiO, exposed to only 
5x 10" neutrons cm”; but the additional irradiation decreases 
the density to 2.518 gcm™ from 2.560 gcm™. 

The intensities of the 490 and 606 cm™' bands increase with 
increasing fictive density as well as with increasing density of 
v-SiO, at low neutron irradiation (<5 x 10° neutrons em™?); 
this suggests that there is a relationship between the four- 
membered ring structure responsible for the 490 cm™' band and 
the defect centres responsible for the 606cm™' mode. The 
silicon atoms at these defects carry a formal positive charge. We 
suggest that the four-membered rings in v-SiO, at ambient 
pressure are stabilized by the excess positive charge on silicon 
atoms at the defect sites just as the four-membered rings of TO, 
tetrahedra in crystalline feldspar are stabilized by cations*®. This 
interpretation suggests that the intensities of both the 490 and 
606:cm™' bands will initially increase with the density of v-SiO, 
at ambient pressure. However, the extent to which defect 
centres can stabilize four-membered rings at ambient pressure is 
limited as indicated by the maxima in both the intensity of the 
490:cm™' band and the density of unirradiated v-SiO, at an 
exposure of 5 x 10'° neutrons cm”. 

“Bell etal." and Bell and Dean'”*' have computed vibrational 
densities-of-states and other properties of SiO, for large (~200 
SiO, molecular unit) continuous random-network clusters of 
almost perfectly tetrahedral units. Within each cluster, molecu- 
lar units interact through short range (nearest-neighbour) bond 
forces while the cluster interacts with non-bridging oxygens at its 
surface. Raman spectra of -v-SiO, «have recently been 
computed" in terms of the behaviour of much smaller sections 
(typically 10-20 molecular units) of Bell and Dean’s clusters. 
Computations with these models have given fairly good 





Table 2 Relationship between p,(T~O-T) frequency and ring struc- 
tures in some tectosilicates 





Repeat units 


v,(T-O-T) and shortest 
in crystalline rings of 
Minerals polymorphs tetrahedra”! Ref. 
a-quartz 464 vs 6 22 
8-quartz (700°C) 464 vs 6 22 
a-crystabolite 416 vs 6 23 
Coesite 521 vs 4 Present 
work 
LiAISi,0,-HI 480 vs 6 24 
LiAISi,0.-IT 492 vs 5 24 
Low albite 506 vs 4 25 
{Na AlSi Og) 
Orthoclase 513 vs 4 25 
(KAIS Og) 
Anorthite 503 vs 4 25 


(CaAL Si Og) 











intensity 











Raman shift (cm —1) 
Fig.1 Raman spectra of crystalline a-quartz, coesite and vitreous 
silica (v-SiQ2) at room temperature (laser 488.0 nm, slit and laser 
power at the sample used for crystalline polymorphs were 3 em” 
and 300 mW and for SiO, glass these were 5 cm™ and 500 mW, 
respectively). 


agreement with observed X-ray and neutron diffraction data. 
Calculated spectra also resemble, to a first approximation, 
observed Raman spectra of v-SiO,. However, the sharp bands at 
490 and 606 cm” and the broad band at 1,200 cm™ do not have 
counterparts in the computed spectra ***. This discrepancy may 
result from two factors that the v-SiO, models of Bell and 
co-workers do not take into account: (1) the presence of defect 
centres involving partially broken Si-O bonds” in the interior of 
v-SiO, and (2) the ring statistics’, especially the presence of 
four-membered ring structures which seem to be stabilized by 
the defect centres. It is now possible to calculate vibrational 
spectra of vitreous solids on the basis of random network models 
containing defect centres'™ and ring structures'®"’. The 
present results suggest that such calculations for v-SiO, should 
be attempted to extend our understanding of the Raman spec- 
trum as well as the structure of vitreous silica. 
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Most oceanic volcanic centres caused by hotspot activity are 
surrounded by sea floor that is unusually shallow for its age’. 
There is increasing evidence that swells found on older sea floor, 
like the Hawaiian Swell, have formed from a broad-scale 
reheating and thinning of the lithosphere as it passes over a 
mantle hotspot**. If the formation and subsequent disap- 
pearance of these swells are controlled by thermal processes, 
they should have an above-normal heat flux. We present here 
the results from 95 new heat flow measurements on the Hawai- 
ian Swell. Along the older part of the swell the heat flow is 
20-25% higher than the normal heat flow for crust of this age. 
This anomaly is consistent with the observed swell uplift. The 
shape and amplitude of the heat flow anomaly require that 
the reheating be largely confined to the lower half of the litho- 
sphere. 

The Hawaiian Swell is a broad, elongate region of 
anomalously shallow depths surrounding the youngest portion 
of the Hawaiian-Emperor seamount chain (Fig. 1). The swell 
has a maximum width of ~1,200km and extends more than 
2,700 km WNW along the length of the Hawaiian chain. South- 
east of Oahu the swell rises ~1.5 km above the surrounding sea 
floor. The height of the swell gradually decreases to the north- 
west along the older portion of the island chain. While various 
models have been proposed for the origin of the Hawaiian 
Swell*” it has also been argued* that the swell forms as a result 
of a broad-scale reheating of the lithosphere by the Hawaiian 
hotspot. The main evidence for this model is that the disap- 
pearance of the swell seems to follow a predictable thermal 


subsidence curve’. If the lithosphere has been reheated, the 
swell should have an above-normal heat flux with the size and 
location of the heat flow anomaly depending on the manner in 
which the lithosphere is reheated’. 

To test this hypothesis we recently obtained 95 reliable heat 
flow measurements at eight well-sedimented sites along the 
Hawaiian Swell (Fig. 1)°. The measurements were made with the 
Woods Hole Oceanographic Institution's digital heat flow 
instrument using thermistors externally mounted on either a 
piston core or a multipenetration pogo probe. Thermal conduc- 
tivity measurements using the needle probe method’ were made 
on sediment samples recovered in piston cores at each site and a 
single mean conductivity determined for each area, The mean 
heat flow at each site, weighted according to the errors in 
individual heat flow measurements, is given in Table 1 and 
compared with the normal heat flow expected for crust of this 
age in Fig. 2. 

The heat flow measurements at each site are remarkably 
uniform. The 95% confidence limits on the weighted site means 
are <+4 mW m”™ (0.1 h.f.u.) at all but one site, The near- 
normal heat flow on the youngest part of the swell precludes any 
significant reheating of the upper part of the lithosphere. 
However, the gradual increase in heat flow over the older part of 
the swell is consistent with reheating of the lower part of the 
lithosphere as it will take several million years for these rela- 
tively deep temperature changes to diffuse upwards. While part 
of the increase in heat flow between sites C and E is attributable 
to the ~10 Myr age offset across the Molokai fracture zone (Fig. 
1), the heat flow at sites F, G and H is still 7-12 mW m™ higher 
than the expected heat flow for crust of this age. This anomaly, 
which is ~20-25% of the normal background heat flux, is clearly 
resolvable with the present data. 

To determine if this heat flow anomaly is consistent with the 
amount of reheating required to uplift the swell, the expected 
heat flow for a simple reheating model has been calculated. The 
reheating process is assumed to begin at the lithosphere’s base 
and proceed upwards, raising all lithospheric temperatures 
below a depth L to Tm, the assumed temperature of the 
asthenosphere. The initial temperature above depth L remains 
unchanged, While other forms of reheating are possible, this 
model puts the added heat as deep as possible and satisfies the 
constraint that no large heat flow anomaly is associated with the 
youngest part of the swell. In this model, the sea floor depth and 
heat flow at any point along the swell are completely determined 
by the geotherm (age) of the lithosphere when reheated, the 
initial height of the swell and the time since reheating®. If we 
assume an age of 90 Myr for the lithosphere around Hawaii and 
a plate model geotherm for the lithosphere’®, then lithospheric 
thicknesses after reheating of 37-45 km are required to explain 
the observed swell uplift (corrected for the isostatic loading of 











Fig. 1 Bathymetric map of the 
central Pacific with contours in 
metres. Isochrons (in Myr) and 
fracture zones {dashed lines) 
adapted from ref. 12. The extent of 
Hawaiian Swell is approximately 
indicated by the 5,000-m contour. 
@, Heat flow site locations. 
Average depths along thick, black 
lines are plotted in Fig. 3. 
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Table 1 Summary of heat flow data on the Hawaiian Swell 
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Site Location N (Wm K`?) 
A 17°40' N 158°20' W 11 0.73 
B 20°00'N 13900 W 8 0.77 
C 19°20' N 16025 W 18 0.77 
D 20°15 N 16002 W 4 0.74 
E 20°30 N161°30 W 8 0.81 
F 21°45 N 16600 W 10 0.86 
G 22°56 N 16936 W 18 0.95 
H = 24°41'N-174°398) W 18 0.96 


$2.9 
51.5 
54.5 
58.7 
58.0 
57.4 
58.3 
58.8 


95% 

s.d. confidence limits fe tn 

mW m`°) (mWm’) (Myr) (Myr) 
3.3 +2.3 95 24 
2.0 +18 96 3.8 
3.5 +18 98 50 
3.4 +6.2 86? 3.0 
2.9 +2.6 88 6.8 
4.5 +34 94 12.4 
4.0 $2.1 97 16.3 
4.5 +23 109? 22.5 





N, number of gradient measurements. K, mean site thermal conductivity (corrected to in situ conditions). O, weighted mean heat flow with sample 


standard deviation s,d. te, Estimated crustal age. fy, Inferred time since reheating. Crustal ages were estimated using the isochron map in ref. 12. Time 
since reheating was determined by projecting the site locations onto a line joining Hawaii and Midway and assuming an age of 27 Myr for Midway”. 


100-200 m of sediment), These lithospheric thicknesses are 
about half the normal thickness of lithosphere of this age. 

The predicted subsidence and anomalous heat flow for this 
range of values are shown in Fig. 3. The upper subsidence curve 
(L = 37 km) matches the data around Hawaii reasonably well, 
but seems too shallow: over. most of the rest of the swell. 
Inspection of the detailed. bathymetry around the Hawaiian 
Islands’! shows that there are two high spots on the swell, at 3 
and 17 Myr, where smaller island chains (fracture zones?) 
crosscut the swell. Thus, the depths in these two areas may be 
anomalously shallow. The lower subsidence curve (L = 45 km) is 
a better fit over most of the swell. The heat flow anomaly 
observed on the swell also seems to be closer to the anomaly 
predicted by this lower subsidence curve, although the heat flow 
at the three oldest sites is less than predicted. This part of the 
swell actually formed when the hotspot was reheating slightly 
younger lithosphere (~80-Myr old) before it crossed the 
Molokai fracture zone (Fig. 1). When this is considered (dashed 
line in Fig. 3), the heat flow anomaly on this part of the Hawaiian 
Swell is probably large enough to be consistent with the ob- 
served swell uplift. 

The main uncertainty in the present study is that reliable 
measurements of heat flow were not obtained on crust of the 
same age located off the swell, so the observed heat flow 
anomaly cannot easily be separated from any regional anomaly 
unrelated to the swell. The size of the observed anomaly is also 
small and close to the resolution of the data. Thus, although the 
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Fig. 2 Observed heat flow on the Hawaiian Swell with 95% 
confidence limits plotted against the time since each site passed 
over the Hawaiian hotspot. The shaded band is the normal heat 
flow expected for crust of this age estimated using a simple 
(age) '”? relation with a scale factor of 11-12 h.f.u. (ref. 10). 
Assumed crustal ages and reheating times are given in Table 1. Site 
D was omitted from this plot because the heat flow is poorly 
determined (only four measurements) and the site is probably 
located on the Molokai fracture zone. 
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Fig. 3 a, Observed and predicted swell subsidence, Dots. are 
1°x 1° averages of the depth of the crest of the Hawailan Swell 
along the lines shown in Fig. 1. Solid curves are predicted subsi- 
dence for reheating model where L is the lithospheric thickness 
after reheating. b, Anomalous heat fow observed on the Hawaiian 
Swell compared with predicted heat flow for L = 37 km (upper 
solid curve) and L = 45 km (lower solid curve) assuming an age of 
90 Myr before reheating. These curves represent the upper and 
lower bounds on the heat flow anomaly required to explain the 
observed swell uplift. The dashed line shows the effect on the lower 
bound of reheating 80-Myr old rather than 90-Myr lithosphere 
(see. text for discussion). 


present measurements are consistent with lithospheric reheat- 
ing, the strongest evidence for this model remains the manner in 
which the swell subsides. 
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Numerous geothermometers based on compositions of coexis- 
ting minerals have been calibrated experimentally or theoretic- 
ally during the past 10 yr. In contrast, few continuous-reaction 
geobarometers exist which have had wide application. One, 
based on the reaction of cordierite to garnet, sillimanite and 
quartz, is limited by a relatively narrow pressure range of 
application and also by conflicting calibrations’? because the 
mixing relations of Mg and Fe and the role of H,O in cordierite’ 
are not understood. Another successful barometer uses the 
assemblage garnet, plagioclase, Al,SiO, and quartz“, 
Continuous geobarometers based on the reaction of orthofer- 
rosilite to fayalite plus quartz‘ and on the aluminium content of 
enstatite in equilibrium with garnet’ have been used to a lesser 
extent. The former barometer is limited by rarity of the requisite 
assemblage, and the latter by uncertain experimental calibration 
for crustal rocks. We calibrate here two mineralogical geo- 
barometers from measured thermodynamic data. The parti- 
cipating minerals, pyroxenes, garnet, plagioclase and quartz, are 
frequently associated in high-grade metamorphic rocks. Cal- 
culation of pressures for several terrains show that the geo- 
barometers yield reasonable and consistent results for the entire 
range of crustal pressures. 

Most high-grade metamorphic terrains are in Precambrian 
shield areas and are dominated by orthopyroxene-bearing 
(charnockitic) acid to intermediate gneisses which invariably 
contain abundant basic segregations and lenses (basic granu- 
lites). The assemblage pyroxene~plagioclase—quartz is essential 
to charnockitic rocks, and garnet is present in many, including 
the type Madras charnockite occurrence*. Garnet~pyroxene- 
plagioclase, frequently with quartz, is also characteristic of the 
basic units in many terrains. The four phase assemblages are 
represented by the reactions: 

CaAl,Si,0g +Mg2Si20¢ re 1/3Ca3Al,$i3012 


anorthite enstatite grossular 


+2/3Mg3Al2S$i30,2 + SiO, (1) 
pyrope 


quartz 


CaAl,Si,Og + CaMegSin0. ” 2/3CazAlSi3012 


anorthite diopside grossular 


+ 1/3Mg3ALSi;0;2 + SiO- (2) 
pyrope quartz 
Because these reactions have large volume changes they are 
suitable for geobarometry. The reactions are of high variance in 
rocks: plagioclase contains large amounts of Na AlSi,O; (albite) 
in solid solution; the garnets and pyroxenes of granulites are 
complex, containing major amounts of Fe and smaller amounts 
of other elements. Previous attempts to calibrate these 
barometers”? have used experimental syntheses of the four- 
phase assemblages in simple systems", but long extrapola- 
tions are necessary from experimental temperatures and 
compositions of the phases were not reversed. An earlier ther- 
modynamic calibration of reaction (1) was hampered by 
incomplete data for the phases’*. Data are now complete 
enough for relatively rigorous formulations of the 
geobarometers from thermodynamic measurements. 
The equilibrium condition that the Gibbs energy change is 
zero for reaction (1) at given temperature, T, and pressure, P, of 
metamorphism leads to the following expression: 


Gt 2. 7. Gt 
me NE) pays G) 


En * Han 


AH" + TAS° = RT In 





where AH? and AS” are, respectively, the enthalpy and entropy 
changes of the reaction, A V° the molar volume change at T, and 
the ws denote the activities of MgAl,,,SiO, and CaAl, SiO, in 
garnet, Mg-Si20« in orthopyroxene and CaAl1,Si,O; in plagio- 
clase. The approximation sign is used because of neglect of 
differential compressibilities and expansivities. A similar equi- 
librium condition is obtained for reaction (2). 

Several recent thermochemical measurements allow evalua- 
tion of the left-hand side of equation (3), the standard Gibbs 
energy change, with moderate accuracy, thus avoiding the 
uncertain derivation from phase equilibrium studies. Enthalpy 
of solution measurements at 970 K for enstatite and pyrope', 
diopside and grossular’ and anorthite’® give AH® as the 
difference in enthalpies of formation from the oxides. Low 
temperature adiabatic heat capacity measurements and high 
temperature heat content measurements, give AS” (refs 17-19). 
An entropy increment of 1.0 cal K~? is added to anorthite to 
account for Al, Si disorder”’. Over a temperature range of a few 
hundred degrees centred around 970K, AH? and AS° are 
virtually constant. 

The activities of Ca~-Mg-Fe garnet components can be refer- 
red to constant W parameters for the bounding binary joins, 
such that the activity coefficient of MgAlz/3SiOu, Ypy = Apy/Xpy is 
given by: 


Rt In Yoy = WwigreX Fe + WaigcaX 2, 
+ (Wuere t+ Waigca > Weare) XcaX re (4) 


with a similar expression for Yẹ (ref. 21). Wace has been 
measured calorimetrically and, for the ranges of compositions 
considered here, is, to a good approximation, Wmgca (cal) = 
3,300-1.5T (K)*. The simplest values of Weare and Wwigre 
compatible with high temperature and high pressure phase 
equilibrium measurements are zero”*”*, The unknown mixing 
properties of Mn in garnets restricts consideration to garnets 
with Mn <Mg/3. Enthalpy of solution studies on plagioclase!® 
lead to the ‘Al-avoidance’ activity model, expressed by 


Xall + Xan)” 


Aan = an 4 
RT In Yan = (1 ~ Xan) (2,075 + 9,318. X40) (5) 


Finally, the Mg,Si.0, and CaMgSi.O, activities in pyroxene are 
taken as ‘ideal two-site’ 


Opx _. yM2 Mi 
Gen =X Me XM 

Cpx „ y M2 M1 

ai” =X Ca X Me (6) 


where M1 and M2 are the pyroxene structural sites for non- 
tetrahedral cations. Following Wood and Banno™, AP", Cr, Ti 
and Fe** are ordered in M1, Ca, Mn and Na are ordered in M2, 
and Mg and Fe** are equipartitioned in M1 and M2. 

The above considerations lead to the following geobarometric 
expressions for reactions (1) and (2), respectively, with P in bar 
and T in K 


(as) aM 


P = 3,944 +13.070T +3.5038T In — pz R (7) 
Aen * Wan 
Gty2 p Gt 
P=675+17.179T +3.5962T In eee (8) 
di * Ban 


The calculated pressures depend on mineralogical deter- 
mination of T with its inherent uncertainties, but, fortunately, 
expressions (7) and (8) are not sensitively dependent on T. The 
major source of uncertainty is the thermochemically measured 
standard Gibbs energies, which create pressure uncertainties of 
1,400 bar for the orthopyroxene barometer and 1,700 for the 
clinopyroxene barometer at a given temperature. The precision 
of the barometers is better than this, as the AG’ errors are nearly 








0028-0836 /81 {2801440330100 


®© 1981 Macmillan Journals Ltd 


n 


Nature Vol. 292 9 July 1981 145 


Table 1 Sample data and average calculated pressures 











Estimated 
Sample temperature P (opx) P {epx) i 
Locality Description. (No. of samples} Ref. eC) (bar) (bar) 
Huntley-Portsoy, Scotland Migmatite restite, aureoles 10,557 ( 1) 25 690 3,849 
Lochnagar, Scotland of Newer Intrusives 82,891 (1) 780 2,845 
Nain, Labrador Granulites, anorthosite NAK2893, 3909 (4) 39 750-800 3,299 
New York aureole 
Adirondack Highlands, Charnockites and ADAS-3 to 40 725-775 8,476 6,574 
metagabbros ADTL-4 (12) 
Nilgiri Hills, India Charnockites and mafic 11-1, 11-3 (2) Unpublished 825 8,723 6,167 
Biligirirangan Hills, India granulites from South 7-5 (1) Chicago 800 9,493 6,530 
Sittampundi Complex, India Indian shield SITM-92 (1) data 830 7,993 
Madras, India MP44, 72 (2) 7 790 7,406 
Finnish Lappland 47- (1) 41 740 7,384 5,166 
Buksefjorden, Greenland Late Archaean-early 174087, 102 (2) 10 800 7,537 5,026 
Furua Complex, Tanzania Proterozoic granulites TANZ 2-91 (14) 29 800 10,689 8,350 
Labwor, Uganda ARS1 (1) 42 950 8,087 
Doubtful Sound, Deep crustal mafic 36453-68 (7) 28 750 12,602 10,971 
New Zealand granulites ; 
Ronda Complex, Spain R-208-A (1) 27 800 £1,100 
Lashaine Volcano, Tanzania Exotic granulite nodules BD-727, 728 (2) Unpublished 950 15,530 
; Chicago 
data 





constant. Assessment of accuracy of the barometers is more 
difficult. Information on this problem may be obtained by 
calculation of the pressures from a wide variety of granulite 
localities for which published mineral analyses exist. 

Table 1 lists the localities, original sample numbers and 
descriptive data for several well documented occurrences of 
assemblages (1) and/or (2), representative temperatures, and 
calculated pressures. Immediately evident is that the clino- 
pyroxene barometer reads 1-3 kbar lower than the orthopy- 
roxene barometer. This discrepancy is within the combined 
uncertainties in AG° for reactions (1) and (2), and the AG°s 
could be adjusted to bring the barometers into agreement, on 
average. However, the pressure discrepancies may be real, and 
result from a greater tendency of clinopyroxene than ortho- 
pyroxene to re-equilibrate with plagioclase during uplift to 
lower pressures. Some information on the closure problem is 
given by the following pressure calculations from various ter- 
rains. 

The Huntley-Portsoy and Lochnagar occurrences are hypers- 
thene-bearing migmatites in the aureoles of the Newer 
Intrusions, southern Scottish Highlands**. Both are sillimanite- 
grade, superposed on regional andalusite-bearing terrains, 
which suggests that the pressures should be lower than the 
experimental Al SiO; triple point. The Nain, Labrador granu- 
lites are in a high temperature aureole around a large anor- 
thosite body. Pressure calculations based on the orthofer- 
rosilite-fayalite-quartz reaction” give an average 3.2 kbar, in 
very good agreement with the present calculation. Buksef- 
jorden, Greenland, Sittampundi Complex, Madras, 
Biligirirangan Hills and Nilgiri Hills, South India and Adiron- 
dack Highlands, New York, localities are all in large granulite 
tracts where sillimanite is the regional Al,SiO, polymorph of 
intercalated metapelites. The orthopyroxene pressures agree 
with the Al,SiO; diagram (Fig. 1) and seem more appropriate 
than previous pressure estimates, which would place the 
Adirondack‘, Madras’ and Buksefjorden'® localities within the 
kyanite field. The Adirondack orthopyroxene pressure of 
8,476 + 1,076 bar based on 12 samples agrees with the current 
assessment” of 8+1 kbar based on revised orthoferrosilite— 
fayalite~quartz barometry. Kyanite has been reported from the 
south-central Adirondacks”*, suggesting pressures close to the 
kyanite-sillimanite boundary. The Furua, Tanzania, granulite 
complex is a kyanite-bearing terrain”’, and the high calculated 





orthopyroxene pressure is consistent with the experimental 
ALSiO, diagram (Fig. 1). 

The Ronda aureole, southern Spain, and Doubtful Sound, 
New Zealand, granulites are tectonically uplifted portions of the 
deep crust®”*'. The Ronda granulites show a primary recrystal- 
lization at 11,100 bar followed by a secondary (corona) recrys~ 
tallization at 6,480 bar. These estimates correspond closely to 
Obata’s” pressure estimates of two discrete recrystallizations of 
the Ronda peridotite mass. The Doubtful Sound mafic granu- 
lites are known, from gravity surveys, to be underlain by the 
upper mantle at a depth <10 km. At a distance of only 20 km 
inland, the New Zealand crust has a normal 40 km thickness. An 
average 2.8 g cm™° crustal density and a 30-40 km uplift of the 
Doubtful Sound area implies pressures of 8.4~-11.2 kbar of 
crystallization of the rocks now exposed at the surface. 





Pressure (kbar) 





be aa f kiun 





0 ok 
600 100 800 90) 
Temperature CC) 


Fig. 1 Pressure calculations for various granulites. W, Thermal 
aureoles (HP, Huntley-Portsoy; L, Lochnagar; N, Nain). A, Pre- 
cambrian granulite terrains (AH, Adirondack Highlands: FC, 
Furua Complex; FL, Finnish Lappland; M, Madras; BH, Bili- 
girirangan Hills; NH, Nilgiri Hills; BG, Buksefjorden: SC, 
Sittampundi Complex; LU, Labwor, Uganda). @©, Deep crustal 
granulites (DS, Doubtful Sound; R, Ronda; LV; Lashaine Vok 
cano}. Filled symbols, orthopyroxene (reaction (1)) barometer. 
Open symbols, clinopyroxene (reaction (2)) barometer. Tempera- 
tures mostly from literature estimates (see Table 1), 





146 


Nature Vol. 292 9 July 1981 





The Lashaine Volcano, Tanzania exotic nodule suite contains 
clinopyroxene-plagioclase-garnet-scapolite granulites with 
occasional quartz, which may or may not be in textural equili- 
brium with the other minerals.. The indicated clinopyroxene 
pressure of 15.5 kbar (Table 1) is an overestimate if quartz is not 
actually part of the primary equilibrium assemblage, but is in 
agreement with Irving's”? experimental conclusion that very 
similar nodules from Delegate, Australia, equilibrated with 
their source at 14-17 kbar. Such scapolite granulites may be 
prominent components of the lower crust”. 

Everything that is known about the crystallization pressures 
of the occurrences tabulated here seems to agree with the 
orthopyroxene (reaction (1)) geobarometer. The strongest 
indications of its validity are comparison with the experimental 
Al,SiO; diagram and the orthoferrosilite-fayalite-quartz geo- 
barometer. This evidence suggests that reequilibration to lower 
pressures after the peak of metamorphism has had minimal 
effect on the pressure indication of reaction (1). The two 
barometers can be made to agree on the average within the 
uncertainties of the thermochemical measurements by a 
balanced readjustment of the AH°s and AS°s leading to the 
following expressions: ; 


P(opx) = 3,694 + 12.820T +3.5038T In K, 


P(cpx) = 1,425 +17.929T +3.5962T In K, (9) 


These readjustments give the maximum allowable increase in 
the clinopyroxene pressure with only a small decrease in the 
orthopyroxene pressure. A test of the modified clinopyroxene 
barometer and some information on the delayed closure prob- 
lem may be possible using lower-crustal two-pyroxene garnet 
granulite samples from explosive pipes’, which are effectively 
quenched from deep-seated conditions. We have not yet found 
sufficient published data of this kind for a definitive test. 

A firm result of this study is that the continental crust was, 
locally, at least, of thickness approaching or exceeding that of 
the present normal thickness as long ago as the late Archaean. A 
proposed high-temperature, low-pressure charnockite geo- 
therm*® is not supported. The remarkable cluster of Pre- 
cambrian granulite pressures (Fig. 1) at 8.5+2 kbar (opx 
barometer) for nine different terrains suggests that a certain 
repeated mechanism of high grade metamorphism has been 
operative. For the western Grenville this mechanism may have 
been continental collision, as the abortive rift of the North 
American continent which began ~1,400 Myr ago, closed 
~1,100 Myr ago, generating the Grenville orogeny. The Gren- 
ville supracrustals were buried at 30 km depth in a doubled 
continent*’. Continental collision with temporary doubling of 
the crust has been proposed to explain the apparently high 
pressures of late Archaean metamorphism also”. Great uplift in 
post-Precambrian times exposing deep crust and even upper 
mantle would seem to be required by the high pressures of the 
Doubtful Sound and Ronda occurrences. 

We thank J. N. Berg, S. R. Bohlen, E. C. Hansen and A. S. 
Janardhan for unpublished mineral analyses, and W. L. Griffin 
for helpful comments. This research was supported by NSF 
grant EAR 78-15939 (R.C.N.). Some of the Indian granulites 
described here were gathered and analysed under an NSF grant, 
EAR 79-05723 (R.C.N.). 
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Oxidation of polyunsaturated fatty acids (PUFAs) is wide- 
spread in animal tissues and has been implicated in senescence’ 
and as a cause of deterioration of stored seeds’. Although signs 
of lipid oxidation have been detected in seeds during long-term 
storage’, little is known of the magnitude of the change induced 
in the PUFA fraction. In conditions of ‘accelerated ageing’ 
(saturating humidity and 45°C) in soybean seeds, the PUFA 
content has been reported to decline within a few days“, but in 
somewhat milder conditions PUFAs are not oxidized during the 
time when germinability is lost®. An extreme case in which to 
estimate the extent to which PUFAs may be oxidized comes 
from the examination of ancient maize seeds from caves in the 
southwestern United States, where the arid climate is conducive 
to the preservation of biological materials“, We have now 
compared new seeds with seeds which were 1-17 centuries old, 
and report that most of the linoleic acid (by far the predominant 
PUFA in this species) is oxidized in the first 100-200 yr, but 
some is still detectable in seeds more than 1,500 yr old. We 
believe this represents the oldest sample of PUFA so far 
reported. 

Modern maize seeds (Zea mays L.) contain ~5% lipid, most 
of which is neutral storage lipid. Four principal fatty acids are 
found (C18:2>Ci8:1>C16:0>C18:0). In a representative 
modern North American variety about half of the fatty acid is 
linoleic, C18:2 (Table 1; cv. Early Cornell Synthetic). The polar 
lipids of these seeds display a fatty acid profile rather similar to 
that of the storage lipid fraction. Increasing evidence indicates 
that maize has evolved through several thousand years of 
artificial selection from the annual teosinte (Z. mexicana 
(Schrader) Kuntze)’*. In agreement with an earlier study’, we 





¢ To whom correspondence should be addressed. 
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a 
Table 1 Total fatty acid content of maize and teosinte seeds 





a, Recently grown seeds 


% Of total 





mg Fatty 
: acids per g 
Sample Palmitic (16:0) Stearic (18:0) Oleic (18:1) Linoleic (18:2) seed material 
Z. mays (ev. Early Cornell 12.7 2.2 30.6 54.5 38.2 
Synthetic) (0.2) (0.1) (1) (0.2) (0.2) 
Z. mexicana (race Nobogamé) 15.5 2.2 38.2 44.1 6.3 
ears (0.2) (0) (0.1) (0.1) OD 
Z. diploperennis i 14.6 1.9 37.0 46.5 13.5 
ai (0.2) (0) (0) (0.2) (0.2) 
b, Old seeds . 
“Mean of % Of total mg Fatty 
Sample < estimated acids per g 
no. ~ age (yr) Palmitic (16:0) Stearic (18:0) Oleic (18:1) Linoleic (18:2) seed material 
1 1,700 35.3 8.7 51.3 4.8 14.4 
(0.5) (0.2) (0.1) (0:3) (0.3) 
2 1,700 35.1 7.6 50.0 7.4 161 
. (0.3) (0.1) (0.5) 0.3) (0:0) 
3 1,500 36.0 9.2 50.9 4.0 14.5: 
(0.5) (0.8) (2.7) (1.5) (0.9) 
4 1,000 35.0 74 50.5 7.1 5.6 
(0.8) (0,8) (0.2) (0.4) (0.5) 
5 900 56.0 9.2 34.9 — 7.3 
(1.2) (0.3) (0.8) (0.7) 
6 97 35.3 6.9 46.4 11.5 13.4 
(0.2) (1.9) (0.1) (1.9) (1.7) 
7 78 18.2 3.9 44.2 33.8° 219 
(0.2) (0.5) (0.2) (0.5) (0.9) 


The lipids of ground seed particles (0.8-1.6 g) were extracted with chloroform-methanol (2:1, v/v) and the fatty acids prepared for gas 
chromatography as previously described’. Separations were performed either on a 1.84 mm internal diameter glass column packed with, 3%. 
Silar-SCP on 100/120-mesh Gas Chrom Q or a 1.82 mm glass column packed with 10% DEGS-PS on 80/100-mesh Supeleoport. Additional 
details are given in ref. 5. Values given are the mean (and range) of two injections. Traces of linolenic acid (C18 :3) in recent samples have been 
ignored. 
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Table 2 Provenance of old maize seeds 


POONA EENAA ONOS anaana 


Date aD (and 
Sample cultural 
no. Race or variety affiliation) Location Ref. 

1 Evolved Chapalote 100-500 Cave II, March Pass, Kayenta, Arizona 12 
(Basketmaker) (PM: A 2481) 

2 Early Chapalote 100-500 As above (PM: A 2481) 12 
(Basketmaker) 

3 Near Chapalote 200-700 Site SR 16-6, Dirty Devil-Waterhole Flat, Utah 24 
(Basketmaker) (PM: 10/264) 

4 Near Maiz de Ocho 700-1300 Cave 8, Sagiotsosi Canyon, Kayenta, Arizona 12 
(Kayenta Anasazi) (PM: A 3520) ; 

5 Dented Chapalote 950-1200 Site PR4-31, Nine Mile Canyon, Utah 24 
(Fremont) (PM: A 7769) 

6 Florida White Dent 1883 Central Kentucky (WCG) 

7 Leaming Dent 1902 Agricultural Expt. Station, Urbana, Illinois (WCG) 


nananana AAEE maa a a aaaea 


The age ranges given for the ancient seeds are derived from the stratigraphy of the sites and are consistent with the overall pattern of maize 
evolution. Further details are given in ref. 12. PM, Catalogue number of the Peabody Museum, Harvard University, WCG, private collection of 








Dr Walton C. Galinat. 


found that contemporary seeds of annual teosinte contain less 
lipid than maize. The proportions of the fatty acids are similar 
for maize, annual teosinte and a recently discovered perennial 
teosinte (Z. diploperennis Utis, Doebley and Guzman)*° (Table 
1). In each of these contemporary seeds, linoleic acid constitutes 
>40% of the total fatty acids present’'. It is likely that the 
original content of linoleic acid in the ancient maize seed would 
have matched or exceeded this value. 

Maize has been associated with the Anasazi culture of the 
American South-West from the first appearance of its earliest 
representatives (the Basketmaker people) around AD 100. This 
association continued throughout the Classic Pueblo period and 
into the recent era of European influence. The changing 
morphology of the maize races during this long period has been 
studied in some detail’?. We examined four samples of maize 
from various periods of the Anasazi culture (Tables 1 and 2, 
samples 1-4) and one sample from the closely related Fremont 


culture (sample 5). We ‘also investigated maize seed grown 
during the past 100 yr (samples 6 and 7). The provenance of the 
seeds is detailed in Table 2. The ages assigned to the seeds are 
consistent with the stratigraphy of the sites from which they were 
obtained and with the overall pattern of maize evolution "AN 
these seeds were non-viable. When received for analysis their 
water content was <5-6%. All the ancient seeds showed 
excellent external preservation, and gave a light or dark brown 
meal when ground. The single Fremont sample ino. 5) was 
unusual in having adhering soil particles (presumably indicative 
of a moist environment) and in being extremely friable, readily 
crumbling into a fine dust when ground. —. a 

With the exception of the Fremont seed, all the samples = 
contained linoleic acid (Table 1). The relative proport 
three other fatty acids followed the customary m 
pattern (C18:1>C16:0>C18:0). Similar resul r 
obtained whether we used a cyanosilicone phase or a polyester 
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phase for the gas chromatographic analysis. The presence of the 
C18:2 in the oldest seeds has been further confirmed by 
combined gas chromatography-mass spectrometry (data not 
shown). Results were comparable with those of Table 1 when 
the fatty acids of the polar (presumably primarily membrane) 
lipid subfraction were examined (data not shown). The PUFAs 
of the storage lipid fraction and the membrane lipid fraction 
were therefore about equally susceptible to oxidation. The data 
of Table 1 suggest a relatively rapid decline in linoleic acid 
during the first 100-200 yr of storage, leaving a small proportion 
of linoleic acid which is comparatively stable for much longer. 

The proportion of palmitic acid (C16:0) in the Fremont 
sample exceeded that of oleic acid (C18:1). In these badly 
preserved seeds, even the monoenoic fatty acid was probably 
subject to enhanced degradation compared with the fully 
saturated acids. The well known deleterious effects of damp soil 
on ancient seeds’? probably led to loss of oleic acid in the 
Fremont seeds. On the other hand, prolonged dry storage of the 
well preserved Anasazi seeds (samples 1-4) was sufficient to 
remove only ~80% of the linoleic acid and scarcely any of the 
oleic. 

Although preservation of monoenoic fatty acids has been 
noted in well stored Roman oil samples from the second century 
AD** and brain lipids of a 40,000-yr-old frozen mammoth’*, a 
badly deteriorated Egyptian oil sample originating from the 
sixth century BC lacked all but the fully saturated fatty acids”. 
PUFAs were absent in each case. 

It is unlikely that the linoleic acid in the Anasazi seeds 
represents contamination, microbial or otherwise, because both 
the total (primarily neutral) lipid fraction and the quantitatively 
minor polar (membrane) lipid subfraction yielded similar results 
and it is most unlikely that these two different fractions would be 
contaminated to approximately the same extent in every sample. 

The long-term preservation of linoleic acid is consistent with 
reports that some membrane structure can be preserved in 
ancient seeds, which suggests the presence of sufficient 
membrane lipid to permit a bilayer structure. Both membrane 
profiles in Egyptian wheat seeds from the third and fifth millenia 
Bc'* and ample membrane preservation in ‘fossil’ Indian lotus 
seeds’” (exact age uncertain)” have been reported. The wide- 
spread occurrence of tocopherols in seeds”’ doubtless serves to 
minimize the prevalence of PUFA oxidation during storage. 

Our data refer to changes which occur in maize seeds post 
mortem, and do not relate directly to the debate about the 
relevance of lipid peroxidation to loss of seed viability***°, 
However, they do indicate that the extensive PUFA oxidation 
which may occur in seeds during a few days or weeks of 
‘accelerated ageing’ in the laboratory may take many decades or 
centuries in drier and cooler conditions. Furthermore, the 
retention of significant amounts cf linoleic acid after 1,500 yr or 
more of storage emphasizes the unusual capacity of dry seeds to 
protect at least part of their susceptible components from 
atmospheric oxidation. 

We thank Dr H. Everett and Bill Tracy of Cornell University 
for recent seed of maize and perennial teosinte, and Dr Alan 
Renwick for gas chromatography—mass spectrometry analysis. 
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Rhizobia are Gram-negative bacteria normally capable of 
nodulating the roots of leguminous plants, and the failure of five 
EPS (extracellular polysaccharide)-deficient mutants to nodu- 
late suggested that EPS is required for this nodulation. 
However, we report here that among a larger sample of mutants 
with altered EPS production, isolated from two species of 
Rhizobium (including one of the original set plus 34 new ones), 
production of EPS is not correlated with ability to nodulate 
appropriate hosts. Therefore, although involvement of a minor 
EPS component cannot be ruled out, there is no evidence that 
gross EPS is required for nodulation. 
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Hours after subculture 


Fig. 1 a, Bacteria were grown in MBM*; 1ml of a fresh sta- 
tionary-phase culture was inoculated into 100 ml of fresh medium 
and shaken at 30°C, and a 10-ml sample was taken at each time 
point. Arrows indicate the onset of stationary phase. Aliquots 
(5 ml) of each sample were passed through a 0.45-um Millipore 
filter and the filtrate dialysed against three changes of distilled 
water before being assayed for carbohydrate using the anthrone 
method”. The remaining 5 ml were dialysed as above and assayed 
for protein by the Lowry method, Numbers are glucose~anthrone 
units per bovine serum albumin Lowry unit. Each point represents 
the average of a least three independent experiments. We have 
examined the residual anthrone-positive material made by R. 
leguminosarum 128¢53 str’ rif’ RS1 and found that ~50% of it is 
excluded from Sepharose 4B, where essentially all wild-type 
material enters the column. This peak of aggregated or high- 
molecular-weight material is rich in 2-keto-3-deoxyoctanoic acid’, 
suggesting that it consists of cell wall fragments rather than 
extracellular material'”. Therefore, low EPS values are likely to be 
overestimates, and we do not consider that the assay used here is 
accurate below 10% of wild-type production. ©, 128c53 sir” rif’; 
@, RS4; A, RS5; O, RS9. b, Bacteria were grown and assayed as 
described in a. Each point is the average of two independent 
determinations. ©, 127K26; x, ER12. 
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Table 1 Extracellular polysaccharide production and nodulation ability of mutants isolated by a, the membrane-filter technique and 4, phage selection 








Strain % Wild-type EPS % Wild-type nodules 
a 128¢53 str rif (100) (100) 
RS1 6.1 <2 
RS2 8.9 10+5 
RS3 15.5 2525 
RS4 9.6 110+5 
RSS oA <2 
RS6 6.1 <2 
RS7 6.5 <2 
RS8 13.0 <2 
RS9 20.0 <2 
RSi0 74 <2 
RS11 6.4 <2 
RS12 5.5 <2 
RS13 12.6 <2 
RS14 6.5 <2 
RS15 11.6 <2 
RS16 ` 13.8 <2 


Strain % Wild-type EPS % Wild-type nodules 
b 127K26 (160) (1003 i 
FB30 108 160 
ER2 32 260 
ERI9 28 Boo 
ER3 6.9 260 
ER13 8.3 60 
ER17 8.1 260 
ER24 6.0 260 
ER26 4.3 260 
ER21 22 <03 
ER23 23 <02 
ER204 il O82 
ERIS 10 <0.2 
ER6 4.7 6 
ERS 3.4 <P 
ER12 9.2 <02 
ERI4 64 6.2, 
ER16 12 <Da 
ER203 5.8 <0.2 
FB308 8.9 0.2 
ERI 36 <0.2 
ER20 202 <0.2 





OSO min 


a, Strains were assayed for EPS at 96 h after a 1:100 dilution of a stationary-phase culture into fresh medium as described in Fig. 1 legend: All values represent the 
average of at least three independent experiments. For nodulation assays pea seeds were surface sterilized by stirring in 30% H,O, for 60 min, planted in a sterile J4 
mixture of perlite and vermiculite (Grace), and watered daily with sterile distilled water. R. leguminosarum 128¢53 ser’ rif’ and its derivatives (5 ml) were grown. with 
shaking at 30 °C to stationary phase in modified Bergersen’s medium (MBM)*, resuspended in 5 ml of sterile water and inoculated onto 1#-day-old Early Market (Agway) 


pea seedlings. The seedlings were grown at 26°C with a 14-h light/10-h dark cycle, illumination by 3,000 ft-candles, and collected at day 21. All values represent the 
average of at least three independent experiments, each of which contained at least three plants. In each experiment at least three seedlings were inoculated with R 





leguminosarum 128c53 str rif as positive control. Negative controls for each experiment were several uninoculated plants equal to the number of experimentally inoculated 
seedlings. Experiments in which the negative controls contained any nodules were discarded. Nodules were surface sterilized by stirring in'70% ethanol for 5 min, crushed, 
resuspended in sterile water, and spread on plates containing MBM for inspection of colony morphology, From RS2, 3 and 4 we recoveredonly non-slime-forming colonies 
identical to the inoculum. From rare nodules formed on plants inoculated with RS1 and RS5-16 we occasionally recovered colonies, usually a mixture of wild 
(slime-forming) and mutant types but sometimes mutant only; the slime-formers nodulated with wild-type efficiency and are presumedito be revertants. We found rare 
nodules with RS1, in contrast to the initial study, possibly due to differences in cultivar or conditions of temperature and light. b, Strains which prefixed ER were isolated: 


from 127K 26; FB308 was isolated from FB30, a streptomycin-resistant derivative of 127K26 (E.R., in preparation). For convenience, mutants are grouped by classes; ti be 


described elsewhere. Cultures were inoculated 1:500 into fresh medium and collected 48 h after stationary phase was attained. Values are the average of three independent 
experiments for all except FB30, ER1 and ER8, which are the average of two independent experiments. ER1, which cannot use glutamate, was grown in 
MBM +0.2%(NH,),SO,; the value is in comparison with 127K26 grown in the same medium (which gave a value of 98% of that for MBM alone), For the nodulation 
assays, five independent colonies of each mutant strain, six of FB30 and seven of 127K26 were grown in YAP (0.1% yeast extract, 0.1% L-arabinase, 0.5 x10°°M 
Na, HPO, 6.65 x 10°? MKH,PO,, pH 6.6)° with 5 mM MgSO, added, for 3 days. Plants were inoculated with ~5 x 10° bacteria for each culture. Each culture was tested at 
the time of inoculation by cross-streaking against five typing phages. Plants were prepared for the nodulation assay according to Beringer“ except that Fahraeus medium” 
containing 1% agar was used. Seedlings were grown as described in a. Nodulation was monitored every 2-3 days by inspection for 15-20 days, at which time the plants were 
collected. Nodules began to appear on day 6; all strains recorded as =60% for nodulation had produced red nodules by day 12, and gave positive acetylene reduction assays 
for excised nodules at the time of collection. Plants inoculated with wild-type 127K26 had 50-150 nodules (average ~ 100) in various stages of development at the time of 
collection. Nodules were counted individually, up to 70, and the number remaining was estimated by eye. No nodules were found for «ny strain listed as <0.2, BR204 
yielded one white nodule, among the five plants inoculated, which contained bacteria like the inoculum; two plants inoculated with ER6 yielded a total. of 28 nodules which 
contained only revertant bacteria, as judged by colony morphology and phage type. A plant inoculated with YAP only had no nodules. 


RS1 of Rhizobium leguminosarum 128cS3 str’ rif’ is EXO-1 
of ref. 1; the remaining mutants of this strain were isolated by 
the membrane-filter technique previously described’. EPS- 
deficient derivatives of Rhizobium phaseoli 127K26 were found 
among survivors of exposure to bacteriophage F1, isolated from 
soil’. 

Figure 1 shows the kinetics of EPS production after sub- 
culture (see Fig. 1 legend) for R. leguminosarum 128c53 str’ rif’, 
R. phaseoli 127K26 and several of their EPS-deficient mutants. 
Table 1 compares EPS production, as measured by the anthrone 
method’, at 96h after subculture (compare with Fig. 1),.with 
nodulation ability for all mutants. 

The main finding is that one mutant of R. leguminosarum, 
RS4, and five mutants of R. phaseoli, ER3, 13, 17, 24 and 26, 
make <10% of wild-type anthrone-positive material, yet nodu- 
late normally. Other mutants have intermediate EPS and 
‘normal nodulation (ER2, 19), intermediate EPS and inter- 
mediate nodulation (RS3), intermediate EPS and little or no 
nodulation (RS8, 9, 13, 15, 16; ER1, 15, 16, 21, 23, 204), little 
EPS and poor nodulation (RS2), and even excess EPS and no 
nodulation (ER20). 

Obviously, the crude methods used here do not distinguish 
between different carbohydrate components of EPS and our 
data would not reveal whether a minor component of EPS was 


essential for nodulation. Nevertheless, it is clear that gross EPS 
production cannot be used as an indicator of nodulation ability 
and, therefore, that there is no evidence of a requirement for 
EPS in nodulation. 

This work was supported by NSF grant PCM75~-13897 and 
Rockefeller Foundation grant RFGAAS 7510 to Peter Alber- 
sheim and by PHS grant A116873 from the NIH, NSF grant 
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0-1-498-0, and a grant (MV-38J):from the American Cancer 
Society to E.S. E.R. is supported by National Research Service 
Award GM07287. R.S. thanks the Helen Hay Whitney Foun- 
dation for financial support. 
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Many marine invertebrates produce mineralized skeletons 
whose form suggests an economical construction. Porous as 
opposed to solid skeletal components are produced by sclerac- 
tinian corals'’, balanoid and coronuloid barnacles’, ostreid and 
hippuritid bivalves‘, and almost all modern echinoderm clas- 
ses**, They were also produced by rudist bivalves which were 
widely successful in Cretaceous tropical seas’. Marine proso- 
branch gastropods produce a stout external shell sculpture in 
place of a uniformly thick, ultimately stronger shell®”. The costs 
implied by these patterns of economical skeleton construction, 
however, are unknown’*"’, The term ‘cost’ refers to an evolu- 
tionary cost measured in terms of reduced fitness. Note that not 
all such costs are energetic; non-energetic constraints may also 
- influence fitness. I present here evidence that both thick- and 
thin-shelled morphs of Thais (=Nucella) lamellosa (Gastro- 
poda, Prosobranchia) produce shell material at a remarkably 
similar rate during maximal growth. Thick-shelled animals, 
however, exhibit a significantly slower rate of body growth. 
These results suggest that rates of skeletal growth can limit the 
rate of body growth and that this limitation represents a poten- 
tially important evolutionary cost. 

Costs associated with carbonate skeletons can be subdivided 
into at least three categories: (1) an energetic, depositional cost 
including organic matrix production and mineralization; (2) an 
energetic, post-depositional cost, limited primarily to organisms 
that must expend energy transporting a skeleton; and (3) a 
non-energetic, growth-rate-limitation cost where the rate of 
maximal body growth may be set not by the energy available for 
growth but rather by the maximum rate at which skeleton may 
be produced. This latter cost is important to recognize because 
different patterns of energy consumption and growth will be 
exhibited with increasing availability of energy than would be 
expected if skeleton costs were strictly energetic. 


Inman 


Body growth rate 








Figure 1 illustrates the relationship between body growth and 
increasing energy (food) availability for three alternative hypo- 
theses about factors which potentially limit body growth rate. 
Predictions about the relative rates of shell growth and rates of 
energy consumption for each hypothesis are included in Fig. 1 
legend. The first hypothesis (Fig. 1a) predicts that if a phy- 
siologically determined upper limit to the rate of tissue produc- 
tion (dotted line) is reached before some upper limit to the rate 
of ingestion or assimilation (dashed line), rates of body growth in 
organisms with thick and thin skeletons will be identical when 
energy availability is high. Given an energetic cost to shell 
material, however, organisms with a thick or dense skeleton will 
require more energy to achieve the same rate of body growth 
because of additional energy expended in producing more 
skeletal material. The second hypothesis (Fig. 1b) predicts that if 
an ingestion (or assimilation) limit (dashed line) is reached 
before a tissue production limit (dotted line), then organisms 
with thick or dense skeletons will exhibit a lower maximal rate of 
body growth than those with thin or porous skeletons. Here, 
organisms with thick and thin skeletons should ingest (assi- 
milate) equal amounts of energy at high energy availability, but 
because of energy invested in shell, thick-shelled animals should 
have a slower rate of body growth. 

The third hypothesis (Fig. 1c) predicts that if a shell produc- 
tion limit is reached before either an ingestion or a tissue 
production limit, organisms with thick skeletons will again show 
slower rates of body growth at high energy availability, as with 
hypothesis b. However, because body growth cannot proceed in 
advance of skeleton growth, organisms with thick or dense 
skeletons should consume less energy (food) than those with thin 
or porous skeletons. 

To test these hypotheses, pre-reproductive individuals of 
similar body weight (Table 1) were selected from a thick- and a 
thin-shelled population of the morphologically variable, inter- 
tidal gastropod, Thais lamellosa. Although having similar body 
weights, thick-shelled individuals had almost 50% heavier shells 
(Table 1). Growth experiments (Tables 1, 2) demonstrated that 
both thick- and thin-shelled animals added significantly less 
shell (mean, 22.6% less) and less tissue (mean, 25.2% less) at the 
upper than the lower tidal level. At both tidal levels, however, 
thick-shelled animals consumed fewer barnacles (Table 3) and 
also gained less body weight (mean, 32.5% less). Of particular 
interest is the fact that thick- and thin-shelled animals of the 
same initial body size produced almost equal weights of shell 
material at both tidal heights. These patterns of growth and prey 
consumption are inconsistent with the first two hypotheses (Fig. 
la, b), and support the skeleton-limitation hypothesis (Fig. 1c) 





Energy (food) availability 


Fig. 1 Graphical illustration of hypothetical growth patterns with increasing rate of energy (food) supply for thick- and thin-shelled organisms 
subject to different growth constraints. a, Maximum rate of body growth limited by maximum rate of tissue production. b, Maximum rate of body 
growth determined by maximum rate of ingestion (or assimilation). c, Maximum rate of body growth determined by maximum rate of shell 
production. Predicted differences in rates of shell production at maximum body growth rate are: a, b, thick > thin; c, thick = thin. Expected 
energy (food) intakes at maximum body growth rate are: a, thick > thin; b, thick = thin; c, thick <thin. These differences will only be true when 
animals are growing at a maximum rate. Inma{v potential maximum rate of ingestion (assimilation). Grmax potential maximum rate of body 
growth. Thin-lined curve, organism with low-density skeleton or thin shell, thick-lined curve, organism with high-density skeleton or thick shell. 
Note for hypothesis c that the inflection points of the two curves need not coincide on either axis, in contrast to hypotheses a and b. 
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Table 1 Size and growth parameters for thick- and thin-shelled T. lamellosa 














Initial Total weight change 
~ Tidal ee 
height Shell Shell Body Shell Body 

(ft) . Morph n length (mm) weight (g) weight (g) weight (g) weight {g) 
0.0 Thick 10 21.9 (1.08) 1.68 (0.370) 0.23 (0.052) 1.43 (0.308) 0.37 (0.133) 
Thin 9 22.2 (1.26) 1.06 (0.169) 0.24 (0.042) 1.49 (0,177) 0.50 (0.092) 
+2.0 Thick 14 21.6 (0.95) 1.59 (0.208) 0.22 (0.039) 1.06 (0.260) 0.25 (0.074) 
` Thin 15 21.5 (1.67) 0.95 (0.216) 0.23 (0.045) 1.19 (0.329) 0.41 (0.138) 





Values are means and standard deviations of size and growth parameters for thick- and thin -shelled T. lamellosa pooled from replicates at two tidal 
heights. Thick-shelled animals were collected from False Bay and thin-shelled animals from Turn Rock, both located on San J uan Island, Washington, 
USA. Shell and body. weights were measured non-destructively by methods described elsewhere”. Replicate groups of individually marked, 
measured and weighed animals of each shell type were placed in plastic screen cages mounted on pilings at two tidal heights (0.0 and +20 ft above 
MLLW*) at the Friday Harbor Laboratories, Friday Harbor, Washington, USA. Throughout the experiment the Thais were supplied freely with 
their preferred prey, Balanus glandula, on small stones*'. Prey were made available at all times in high densities so that searching times were 
negligible. Snails were supplied with barnacles from 13 August to 5 September and 14 September to 14 October, and final body weights (wet) were 
measured on 13 November, 1978. n, Total number of individuals in each treatment. Numbers in parentheses are pooled standard deviations. There 
were two replicate cages for each treatment at the lower, and three for each treatment at the upper tidal level. 


Table 2 Analysis of variance on initial values and two growth parameters of thick- and thin-shelled T. lamellosa at two tidal heights 














Initial Growth parameter 
Shell Body 
Shell Body weight weight 
weight weight change change 
Source of variation d.f. MS P MS P MS P MS P 
Main effects 
Shell morph 1 5.101 0.001* 0.0002 0.737 0.118 0.244 0.283 0.001* 
Tidal height 1 0.056 0.339 0.0013 0.419 0.880 0.002* 0.103 0.008" 
Interaction 1 0.009 0.701 0.0001 0.844 0.014 0,686 0.001 0.857 
Residual 44 0.063 0.0020 0.088 0.014 
Total 47 0.170 0.0021 0.112 0.022 


DOSO 
d.f., Degrees of freedom; MS, mean square; P, exact probability of F values obtained by dividing the component mean squares by the residual mean 
square. Data are from Table 1. 
* Significant F ratios. 
SEE A NA EE O E ENA E A E O S 


‘Table 3 Consumption rates of barnacles, Balanus glandula, by thick- and thin-shelled T. lamellosa at two tidal heights 











Consumption rates Two-way analysis of variance on consumption rates 








Shell morph 
Tidal height (ft) Thick Thin Source of variation d.f. MS P 
0.0 0.93 1.15 Main effects 
1.01 1.28 
Shell morph 1 0.120 0,029* 
0.56 0.85 Tidal height 1 0.231 0.007* 
+2.0 0.63 1.02 
0.85 0.78 Interaction 1 0:002 0.725 
Error 6 0.015 
Total 9 0:049 





Consumption rates were measured as barnacles eaten per snail per day from 14 September to 14 October, 1978, Each value represents an average 
for five snails (individual consumption rates are not known as five snails were contained in each cage). An analysis of variance was performed on these 
average values: d.f., degrees of freedom; MS, mean square; P, exact probability. 

* Significant F ratios. 





that rate of shell production limits the maximum rate of body 
growth. However, these data cannot rule out the possibility that 
animals from the thick-shelled population consumed barnacles 
more slowly for other reasons and that the production of equal 
weights of shell material was coincidental. That this occurred at 
both tidal heights due to chance alone seems unlikely. 

Two otherwise enigmatic patterns of invertebrate growth may 
be explained by the skeleton-limitation hypothesis. First, shell 
production continues in the absence of feeding in species of 
barnacles'*, meso-'* and neogastropods (A.R.P., unpublished 
results), and both pteriomorphian’*’® and heterodont’’ 
bivalves. Although difficult to explain energetically, this may 
reflect either an increase in a shell’s habitable volume in anti- 
cipation of future body growth or a reinforcement of thinner 
shell produced during periods of more rapid growth’*. Second, 


scleractinian corals frequently show seasonal changes in the 
density of skeletal material produced”. Higher density bands 
are generally believed to form during periods of slower growth 
(refs 19-22). In both examples, energetic considerations would 
predict a decrease in skeleton production when tissue growth 
decreases or stops, yet calcification continues. Both examples 
would thus seem to be more readily explained as a response to 
skeleton-limited rates of body growth, rather thanras a resultof a 
high energetic cost to skeletal materia). = 

A third growth pattern may also be explained by the skeleton- 
limitation hypothesis: rapidly growing organisms frequently 
produce less skeleton per unit body weight (for example, species - 
of ramose scleractinian corals*°, pteriomorphian™ and 
heterodont”? bivalves, echinoids’ and echinoderms in gen- 
eral”). In addition, a number of organisms exhibit ontogenetic 
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changes in skeletal growth. Juveniles, for whom maximal 
growth may be critical”, exhibit more porous or, in some cases, 
significantly less massive skeletons than adults (for example, 
species of balanoid and coronuloid barnacles****, strombid and 
cypraeid gastropods’’”? and some extinct armoured hetero- 
stracan fishes”). Although juveniles are more vulnerable than 
adults to most predators”, a heavier skeleton could limit the rate 
of body growth, increasing the time spent at smaller, more 
vulnerable sizes*, When mature and slow growing, skeletal 
reinforcement would no longer restrict potential growth. Where 
there is a refuge in size from predation’, trade-offs between rate 
of growth and extent of morphological defence may represent an 
important compromise. 

Step(s) which limit the rate of skeleton production are 
unknown. Neither rates of ion transfer across epithelia™ nor 
availability of dissolved calcium carbonate in surface seawater 
(<100 m; refs 35-37) are likely to limit the rate of skeletal 
growth. A probable limiting step is the rate at which crystals can 
grow from a biologically maintainable precipitating medium. If 
this is the case, during rapid growth crystal growth limitations 
would favour shell microstructures with many small crystals 
because of the increased surface for precipitation. Limited data 
reveal such a pattern in comparisons of seasonally rapid and 
slow growth increments in two bivalve species**. Furthermore, 
both bivalved“? and shelled gastropod’ molluscs exhibit an 
evolutionary loss of nacre, a shell microstructure composed of 
large crystal elements. Thus both ecological and evolutionary 
patterns in skeletal architecture may be explained by the 
skeleton-limitation hypothesis. 

The above evidence indicates that a potentially important 
non-energetic ‘cost’ exists due to growth constraints imposed by 
carbonate skeletons, both for marine gastropods and possibly 
for other marine invertebrates. The prevailing attempt to 
explain morphological adaptations purely in terms of energetic 
costs and benefits may be too narrow a perspective. 
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Peter and A. N. Spencer for reading and criticizing early drafts 
of this manuscript. This research was funded by NSF grant 
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Segment-specific organization of 
leg motoneurones is transformed in 
bithorax mutants of Drosophila 
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In Drosophila, genes controlling segmentation in the thorax and 
abdomen are clustered in one region of the genome known as 
the bithorax complex. Studies of the genetics of this complex 
suggest that loss of activity of a gene causes transformation of a 
particular segment to a more anterior one, mesothorax 
representing the ultimate transformation’. This transformation 
is well described for the epidermis, but it is not clear whether 
other segmentally arranged tissues are also transformed. The 
segmental ganglia are fused in Drosophila into a single compact 
mass termed the thoracic ganglion but the segmental organiza- 
tion of the nervous system is still apparent. There are discrete 
regions of neuropil, termed neuromeres, corresponding to the 
three thoracic segments: prothorax, mesothorax and meta- 
thorax. A small terminal neuromere corresponds to the 
abdominal segments. Evidence is presented here that the leg 
motoneurones of each of the three thoracic segments are 
arranged in a segment-specific pattern in the thoracic ganglion. 
In mutant flies which have the metathoracic cuticle transformed 
to mesothoracic, the arrangement of the metathoracic leg 
motoneurones can be altered to resemble that of the meso- 
thoracic leg motoneurones. 

Horseradish peroxidase (HRP) filling of cells was used to 
study the innervation of the leg. This enzyme is applied to a cut 
made in the tarsus and is transported through those sensory 
axons that have been cut. It is also taken up by motoneurone 
terminals and transported in a retrograde fashion to fill the 
entire cell. The HRP-filled cells can be visualized by any one of 
several methods*”. Figure 1 is a composite drawing showing leg 
motoneurones in each neuromere. The arrangement of the leg 
motoneurones is different in the three neuromeres: in the 
prothoracic (anterior) neuromere, the cell bodies are in a region 
of the cortex anterior to the neuropil. The axons project back 
into the neuropil, into which they branch, collect into a loose 
bundle and course laterally and ventrally to leave the ganglion in 
the prothoracic leg nerve. In the mesothoracic (middle) 
neuromere, the cell bodies are in the cortex anterior and ventral 
to the neuropil. The axons project posteriorly to exit through the 
mesothoracic leg nerve. Branches are directed dorsally into the 
lateral neuropil, segregated from sensory neurone arborizations 
which are in the medial region. In the metathoracic (posterior) 
neuromere, the motoneurone cell bodies lie laterally and 
somewhat posteriorly to the neuropil. Their axons project 
anteriorly from the cell bodies, then loop back and run 
posteriorly to the nerve. All the axons loop back at the same 
point although the cell bodies are spread through a region 30-60 
um posterior to the loop. As in the mesothoracic neuromere, the 
arborizations of the motoneurones are laterally placed in the 
neuromere, not overlapping the medially placed arborizations 
of the sensory neurones. In each neuromere a single 
motoneuron sends a branch contralaterally. These cross in 
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commissures located posteriorly in the prothoracic and meso- 
thoracic neuromeres but anteriorly in the metathoracic 
neuromere. In the mesothoracic neuromere this motoneurone 
has its cell body located anteriorly to the other motoneurone cell 
bodies. Thus, in terms of the positions of the leg motoneurone 
cell bodies and of the commissure, the metathoracic neuromere 
is the reverse of the anterior two neuromeres along the anterior- 
posterior axis. 

Similar results were obtained by cobalt filling of axons at the 
cut end of the coxa, using a method described elsewhere’, 
Furthermore, observations of silver-stained ganglia by Power“ 
and repeated in this laboratory reveal large cells with an 
arrangement and.nuclear morphology like that of the backfilled 
motoneurones. Therefore, the differences in the motoneurone 
pattern in the three neuromeres do not seem to result from 
uptake of HRP by different subpopulations of an identically 
arranged motoneurone population in each neuromere. The 
arrangement of the leg motoneurones as described above is the 
same in males and females of the Drosophila melanogaster 
wild-type strains Canton-S and Oregon-R, the mutant spine- 
less-aristapedia and Drosophila virilis. 

The bithorax complex mutations abx (ref. 6) and bx transform 
anterior metathorax to anterior mesothorax; pbx does the same 
to the posterior compartment. Flies of the genotypes abx bx? 
pbx/abx bx® pbx and abx bx? pbx/Df(3R)P2 (ref. 7) (derived 
from stocks provided by Dr E. Lewis) can have the cuticle of the 
metathoracic. segment almost identical to that of the meso- 
thoracic; although expression (degree of change) is variable and 
incomplete ‘transformations are seen. In all cases studied, the 





Fig. 1 A wild-type thoracic ganglion is shown in horizontal plane. This 
drawing is a composite of three separate backfills, traced from photomicro- 
graphs on to one thoracic ganglion outline. Only one side is shown for each 
neuromere. As many as nine motoneurones have been filled from a given leg 
but generally fewer are seen as in the pro- and mesothoracic examples shown 
here. In anterior to posterior order, the prothoracic (Pr), mesothoracic (Ms), 
metathoracic (Mt) and abdominal (Ab) neuromeres are labelled. Leg nerves: 
PrLN, prothoracic,; MsLN, mesothoracic, MtLN, metathoracic. Sensory 
axons filled in these preparations were not included in the drawings. The 
motoneurones were filled by applying 20% HRP +3% a-lysolecithin to a 
cut at the distal end of a leg. Backfill time was 10-14 h. The ventral thorax 
was removed and fixed with 1.25% glutaraldehyde + 1% formaldehyde in 
0.1M phosphate buffer (pH 7.3) for 30 min. The ganglion was removed from 
the cuticle, fixed for an additional 45 min and washed three times for 30 min 
in phosphate buffer + 10% sucrose. The HRP was visualized by one of the 
following two methods: (1) The ganglion was washed two times for 5 min in 
Hanker~Yates reagent (1.5 mg ml™* in 0.05M Tris buffer, pH 7.6), and then 
incubated for 3-6 min in fresh reagent+0.006% hydrogen peroxide. The 
reaction, which colours the HRP-filled neurones reddish-brown, was 
observed with a dissecting microscope to determine the appropriate end 
point. The ganglion was then washed three times for 5 min in Tris buffer, 
dehydrated in ethanol (1 min each 70% and 95%, three times for 1 min in 
100%), cleared in methyl salicylate and mounted in immersion oil. (Method 
modified from ref. 2.) (2) The ganglion was kept for 15 min in a medium 
made up as follows: 0.25 ml of 3,3’, 5,5’-tetramethylbenzidine solution 
(2 mg mi“! in 100% ethanol) was added to 10 ml of sodium ferricyanide 
solution (1 mg mi~? in 0.01M acetate buffer, pH 3.3), both solutions freshly 
made up. Hydrogen peroxide was then added to a final concentration of 
0.006% and the ganglion kept in this for 4-6 min. This reaction colours the 
HRP-filled neurones blue. As above, the actual reaction time was deter- 
mined by observing the reaction with a dissecting microscope. The ganglion 
was washed three times for 5 min with acetate buffer and further processing 
was as described above. (Method modified from ref. 3.) 








Fig.2 A thoracic ganglion from an animal of genotype abx bx? pbx/ abx bx’ 
pbx is shown in horizontal plane. A metathoracic leg was backfilled and the 
HRP visualized as for method (1) in Fig. 1 legend. Labelling as in Fig. 1. 


metathoracic leg itself was completely transformed into a meso- 
thoracic leg, as determined by the pattern of leg bristles. Meta- 
thoracic legs of these flies were cut and HRP applied as for the 
wild-type flies. Of 27 successful backfills, four showed altered 
patterns of motoneurone arrangement that resembled meso- 
thoracic motoneurones and nine showed intermediate pheno- 
types; unusually positioned motoneurones, suggestive of a 
mesothoracic pattern but resembling neither pattern entirely. 
The remaining 14 backfilled legs showed the wild-type 
arrangement of motoneurones. Of 41 successful metathoracic 
leg backfills in flies wild-type for bithorax, no deviations from 
the metathoracic pattern were ever observed. This is consistent 
with the hypothesis that the central nervous system (CNS) can be 
segmentally transformed by the mutations. As with the. epi- 
dermis, expression is variable although the expression and 
penetrance (fraction of flies affected) of the mutations are far 
less in the CNS than in the cuticle. 

Figure 2 exemplifies a metathoracic neuromere with a meso~ 
thoracic pattern of motoneurone arrangement. The 
motoneurone cell bodies lie anteriorly and ventrally in the 
cortex and the axons project posteriorly through the neuropil. 
Figure 2 also shows that the cell which projects contralaterally is 
anterior to the other cells, just as in the mesothoracic 
neuromere. Thus, a unique metathoracic neurone seems to be 
converted into its mesothoracic homologue. Nevertheless, the 
transformation to the mesothoracic is not complete. The 
contralaterally projecting fibre takes an anterior route as in the 
wild-type metathoracic neuromere. 

Two examples of intermediate phenotypes are shown in Fig. 
3: a shows a metathoracic neuromere containing motoneurones 
in intermediate positions; b shows a ganglion with metathoracic 
leg motoneurones that are positioned properly but have axons 
that project posteriorly into the nerve instead of looping 
anteriorly. Possibly, cell body position and direction of axon 
growth are under separate control by anterior-posterior 
information. 

Previous neuroanatomical studies** of bithorax using these 
mutants to study sensory projections from the ectopic. cuticle 
raised the question of whether the mutations affect the CNS 
itself. Palka er al." found sufficient differences between bithorax 
and wild-type ganglia and sensory pathways to suggest that the 
CNS was altered by the mutations. They found additional 
evidence for this by considering the pattern of projection of 
sensory neurones from clones-of mutant cuticle into presumably 
wild-type ganglia. Ghysen’, stressing the overall anatomical 
similarity of wild-type and bithorax ganglia and Sensory path- 
ways concluded that the CNS was not altered in the aperife 
pathways studied. 

I have approached the question directly by edis neurones: 
with cell bodies in the CNS, using thé recently constructed: 
combination abx bx? pbx to. obtain more extreme trans- 
formations than were previously available: The observations 
reported here do. not imply. that the genes of the bithorax 
complex directly control the CNS segmental pattern. They may 
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Fig.3 Two ‘intermediate’ transformations. a, A thoracic ganglion from an 

animal of genotype abx bx” pbx/abx bx? pbx in horizontal plane. A meta- 

thoracic leg was backfilled and the HRP visualized using method (1) of Fig. 1 

legend. b, A thoracic ganglion from an animal of the genotype abx bx? phx/ 

Df(3)P2 in sagittal plane, V marking the ventral surface. A metathoracic leg 

was backfilled and the HRP visualized using method (2) of Fig. 1 legend. 
Labelling as in Fig. 1. 


result from a direct effect of the genes in another tissue, which in 
turn affects the CNS by induction or by mechanical constraints 
on CNS growth. Experiments using mosaic flies should deter- 
mine which tissue must be mutant for the pattern of organization 
of leg motoneurones to be transformed. This should help to 
elucidate the mechanisms underlying segmental differences in 
the CNS. 
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Pluripotential cells are present in a mouse embryo until at least 
an early post-implantation stage, as shown by their ability to 
take part in the formation of chimaeric animals’ and to form 
teratocarcinomas’. Until now it has not been possible to es- 
tablish progressively growing cultures of these cells in vitro, and 
cell lines have only been obtained after teratocarcinoma forma- 
tion in vivo. We report here the establishment in tissue culture of 
pluripotent cell lines which have been isolated directly from in 
vitro cultures of mouse blastocysts. These cells are able to 
differentiate either in vitro or after innoculation into a mouse as 
a tumour in vivo. They have a normal karyotype. 


4 





Fig.1 Groups of pluripotential embryo cells (arrowed) growing in 
monolayer culture on a background of mitomycin C-inhibited STO 
cells. The isolation of a definite cell line from a blastocyst takes only 
~ 3 weeks and the pluripotential cell colonies are visible within 5 
days of passage. We have had 30% yield of lines from blastocysts in 
one experiment. Two of the lines have been rigorously cloned by 
single-cell isolation but most were only colony-picked—this makes 
no difference. 


Previous attempts to obtain cultures of pluripotential cells 
directly from a mouse embryo have been unsuccessful“, 
although cells with a similar appearance have been reported to 
be present transiently**. We considered that success might 
depend on three critical factors: (1) the exact stage at which 
pluripotential cells capable of growth in tissue culture exist in the 
embryo; (2) explantation of a sufficiently large number of these 
precursor cells from each embryo; and (3) tissue culture in 
conditions most conducive to multiplication rather than 
differentiation of these embryonic cells. These considerations 
have been discussed at greater length elsewhere’. An indication 
of the optimal stage of embryonic development might be gained 
by a comparison of the properties of embryonic cells at various 
stages with established cultures of embryonal carcinoma (EC) 
cells. Cell-surface antigen expression and the patterns of protein 
synthesis revealed by two-dimensional electrophoresis have 
suggested that neither the cells of the 63-day ectoderm nor those 
of the 33-day inner cell mass show homology with EC cells, but 
that epiblast cells of the early post-implantation embryo at 5} 
days post coitum may do so" (the day of finding coital plug is 
termed day 4). Cells from embryos of an early post-implantation 
Stage seem to be the best candidates for direct progenitors of 
pluripotential cells in culture. As these embryos are difficult to 
isolate, and as the cell number in the isolated epiblast is small, we 
chose an alternative route to obtain embryo cells at this stage of 
development. 

Mouse blastocysts may be induced to enter a state of diapause 
just before implantation. This delay in implantation depends on 
the maternal hormonal conditions, and may be induced 
experimentally by ovariectomy at an appropriate stage”. 
Embryos in implantational delay hatch from the zona but 
remain free-floating in the uterine lumen. A gradual increase in 
cell number occurs’”, and the primary endoderm may be formed 
but no further development takes place until implantation 
occurs, under the control of hormonal stimuli. 

129 SvE mice were caged in pairs and examined for mating 
plugs each morning. They were ovariectomized on the afternoon 
of day 23 of pregnancy, injected subcutaneously with 1 mg 
Depo-Provera (Upjohn), and delayed blastocysts were reco- 
vered 4—6 days later. The blastocysts were cultured intact in 
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groups of about six embryos in small drops of tissue culture 
medium under paraffin oil on tissue culture plastic Petri dishes 
for 4 days. The blastocysts attached within 48 h and the tro- 
phectoderm cells grew out and differentiated into giant tropho- 
blast cells. The inner cell mass cells subsequently developed into 
large egg cylinder-like structures, with a group of small round 
cells surrounded by endodermal cells growing attached to the 
Petri dish. The egg cylinder-like structures were picked off the 
dish, dispersed by trypsin treatment and passaged on to gelatin- 
pretreated Petri dishes containing mitomycin C-inactivated 
STO fibroblasts. All culture was carried out in Dulbecco’s 
modified minimal essential medium supplemented with 10% 
fetal calf serum and 10% newborn calf serum. The cultures were 
examined daily and passaged by trypsinization every 2-3 days. 
Actively proliferating colonies of cells closely resembling EC 
cells were apparent from an early stage. These colonies were 
picked out, passaged and mass cultures grown. The cell cultures 
had the appearance and general growth characteristics of 
feeder-dependent EC cells (Fig. 1). 

The embryos used to initiate these cultures are from normal 
129 SvE strain mice, that is, from the same strain of mice as 
many EC cell lines, in particular those grown in this laboratory. 
Therefore it was important to exclude any possibility of 
contamination:of these cultures with EC cells from established 
cell lines. Cell cultures were established from different embryos 
in three separate experimental series, but the best indication of 
their separate identity came from their karyotype. Cultures were 
initiated from 6-12 embryos, thus it might be expected that both 
male and female cells should be present. None of the 129 
embryonal carcinoma cell lines in this laboratory have a normal 
karyotype, and, in particular—in common with most available 
embryonal carcinoma cell lines—they do not contain a Y 
chromosome. These embryo-derived cells have a completely 
normal karyotype. An XY karyotype is shown in Fig. 2. Three 
additional cell lines have been analysed; two of these are normal 
40XX and one is normal 40XY. We have termed these directly 
embryo-derived cells EK to distinguish them from EC cells. EK 
cells grow rapidly in culture and have been maintained for over 
30 passages in vitro. 

Cultures of EK cells were collected by trypsinization, and 
~ 10° cells injected subcutaneously into the flank of syngeneic 
male mice. Tumours grew in all cases, and histological examina- 
tion of these revealed that they were teratocarcinomas. When 
the EK cells were passaged without feeder cells they formed 
embryoid bodies which, when kept in suspension, became cystic. 





Fig. 2 Karyotype of an embryo-derived pluripotential cell line, 
40XY. Over 80% of the spreads of this clonal line possessed 40 
-~ chromosomes and had a clearly identifiable Y chromosome. 








Teratocarcinoma 


Fig. 3 Inter-relationships of cell lines, teratocarcinomas and 
embryoid bodies with normal mouse embryos. Arrows indicate 
routes of cell transfer: a, formation of teratocarcinoma by ectopic 
implantation of embryos; b, formation of embryoid bodies from 
teratocarcinoma and vice versa; c, derivation of cell culture from 
embryoid bodies; d, cell culture obtained directly from solid 
tumours; e, differentiation to embryoid bodies from culture; f, 
formation of solid tumours on reinjection of cells from culture; g, 
transfer of embryonal carcinoma cells either from cell culture or 
from the core of an embryoid body or from a solid tumour back toa 
blastocyst. All these procedures may result in chimaerism of the 
resulting mouse; A, the missing link supplied here. 


Embryoid bodies allowed to attach to a Petridish spread out and 
differentiated in the usual way into a complex of tissues. Preli- 
minary observations indicate that, like early ectoderm cells of 
the mouse embryo and EC cells, EK cells carry the cell-surface 
antigens recognized by M1-22-25 (Forssman)*™ and anti-I Ma 
(lacto-N -iso-octaosy! ceramide)'** and also that two dimen- 
sional gel electrophoretic separations of their proteins very 
closely resemble those of the EC cell line PSMB. 

We have demonstrated here that it is possible to isolate 
pluripotential cells directly from early embryos and that they 
behave in a manner equivalent to EC cells isolated from terato- 
carcinomas. The network of inter-relationships between the 
mouse embryo and pluripotential cells derived from it has 
previously lacked only the direct link between the embryo and 
cells in culture for completion. We have now demonstrated this 
(Fig. 3). 

Teratocarcinoma cells are now being widely used as a model 
for the study of developmental processes of early embryonic cell 
commitment and differentiation. Their use as.a vehicle for the 
transfer into the mouse genome of mutant alleles, either selected 
in cell culture or inserted into the cells via transformation with 
specific DNA fragments, has been presented as an attractive 
proposition. In many of these studies the use of pluripotential 
cells directly isolated from the embryos under study should have 
great advantages. We have now shown that these EK cell lines 
are readily established from cultures of single blastocysts and so 
far have 15 lines of independent embryonic origin, some of 
which have been isolated from non-129, outbred mouse stocks. 
We are now studying the chimaeric mice formed from. these 
cells. 

We thank Mrs A. Burling for technical assistance and Dr E. P. 
Evans for advice regarding karyotype: analysis: M.J.E. and 
M.H.K. were supported by the MRC; M.J.E. also received 
support from the Cancer Research Campaign. 
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There is much interest in developmentally regulated molecules 
which may have function in cell interactions and sorting during 
embryogenesis and differentiation. Numerous antisera have 
been raised which detect antigens that are expressed in early 
embryonic cells and become restricted during differentiation, 
being expressed in only a minority of adult cells (reviewed in refs 
1-3). The precise antigenic determinants recognized by such 
antisera have not been defined. However, studies using a hybri- 
doma antibody against mouse spleen cells‘ and monoclonal 
autoantibodies of patients with cold agglutinin disease’ have 
shown that two defined carbohydrate antigen systems, the 
Forssman and the Ii antigens, have stage-specific expression in 
early mouse embryos. We now describe evidence that the 
stage-specific embryonic antigen SSEA-1 (ref. 6) involves the 
carbohydrate sequence 


Galfl > 4GleNAc 


Tis 


Fuca 


This determinant is formed by a1 > 3 fucosylation of blood 
group I or i antigens which are branched or linear oligosac- 
charides, respectively’, built of Galf 1 -> 4GIcNAc units and 
known as type 2 precursor chains’® of the major blood group 
antigens. Thus, we introduce the concept of simple glycosylation 
changes as a basis for stage-specific expression of embryonic 
antigens. 

A relationship between the stage-specific embryonic antigen, 
SSEA-1, and blood group I antigen was suggested by: (1) some 
similarities in the distribution of these two antigens in early 
post-implantation embryos and teratocarcinomas™'', and (2) 
the reactivities of anti-I and -SSEA-1 reagents with a gly- 
cosphingolipid fraction of erythrocytes’? Subsequent 
immunocytochemical studies (to be described elsewhere) have 
clearly shown that the two antigens are not identical. Further- 
more, in binding assays using radioiodinated blood group I- 
active glycoproteins’ isolated from sheep gastric mucins and 
human meconium, the anti-SSEA-1 reagent gave a binding 
curve only with the latter glycoprotein (Fig. 1). 

The specificity of anti-SSEA-1 reagent was further investi- 
gated by inhibition assays using blood group substances with 
known A,B,H,Lewis*, Lewis”, I and i activities, some of which 
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are shown in Fig. 1, These substances were clearly divisible into 
two groups: those with potent inhibitory activities, giving 50% 
inhibition at 0.3-6 ug ml”, and those with negligible or weak 
activities requiring concentrations >100 ug ml for 50% 
inhibition. Almost all the substances with strong SSEA-1 
activity lacked blood group ABH activities but expressed Le* 
and/or li activities. 

The two ovarian cyst glycoproteins with the strongest SSEA-1 
activity, designated N-1 10% and F1, contained 8.5% and 1.6% 
fucose, respectively'*'*. In experiments to be described else- 
where, we showed that their reaction with. anti-SSEA-1 was 
abolished by mild acid hydrolysis. Thus, it seemed likely that the 
SSEA-1 determinant involved fucose residue(s) and that the 
fucosyl linkage was other than those associated with A, B, H, Le? 
or Le” activities'®. This agrees with previous evidence for the 
presence of unusual fucosyl glycopeptides”’ in undifferentiated 
cells of mouse embryos and teratocarcinomas, 

Inhibition of binding assays were next performed with chem- 
ically synthesized?™™” and natural oligosaccharides'** contain- 
ing type 1 (Gal81—+3GlcNAc) or type 2 (Galg1— 
4GlcNAc/Glc) precursor chain’? sequences (Fig. 2). Whereas 
li-active synthetic tri- and pentasaccharides consisting of type 2 
precursor chains were inactive as inhibitors of anti-SSEA-1, 
several fucose-containing oligosaccharides showed inhibitory 
activities. The most active inhibitor (IDs) 0.5 nmol) was the 
oligosaccharide designated N-1 R, 0.71a, containing a fucosyl- 
ated type 2 sequence: 


Gaigl =- GiceNAc— 
ha 


Fuca 


This oligosaccharide was one of several isolated from gly- 
coprotein N-1 after partial alkaline degradation’*. The very 
poor inhibitory activity of 3-fucosyl lactose indicated that 
subterminal N-acetyl glucosamine is an important component of 


8 


% Inhibition 





0.01 0 1 10 100 1,000 10,000 
inhibitor added (yg mt’) 


Fig. 1. Double antibody radioimmunoassay using anti-SSEA-1 
and '**I-labelled human meconium. The immunoassay procedure 
was a modification of that described previously'*. The anti-SSEA- 
1 reagent! was ascites fluid from a pristane-primed BALB/c 
mouse injected with antibody-producing hybrid cells. Normal 
mouse serum, 1:100 dilution, was used as carrier and undiluted 
rabbit anti-mouse immunoglobulin serum (Dako-immunoglobu- 
lins) as second antibody. The binding curve is shown in the inset. 
Inhibition assays were performed using the anti-SSEA-1 reagent at 
1:3,000 dilution. As inhibitors blood group substances of human 
and animal origins were used. Symbols, blood group activities and 
designations (the latter in parentheses) of representative samples 
are given below. The following were human ovarian cyst gly- 
coproteins: @, Le“I (N-1 10% )""; à, H (FD; ©, Li (4847; V, Le” 
(445); A, HLe” (38)'*: @, A (438)'°. Also tested were gastric 
mucosal glycoproteins from sheep, A, li (sheep 1 + 10)'” and from 
hog, V, AH (hog A + Hs, a glycoprotein-rich extract from human 
meconium of non-secretor type, ®, Le*li (Mec)? and polyglycosy! 
ceramides isolated from human erythrocytes, @, HI (ref. 19). 
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the SSEA-1 antigenic determinant. The Le*-active oligosac- 
charides tested having the type 1-based terminal sequence 


Galg1 > 3GleNAc— 


14 


Fuca 


were almost 10 times less active than their type 2 isomers. 
Lacto-N-difucohexaose I (Le” active), lacto-N-fucopentaose I 
(H active) and 3-fucosyl lactose were 200-1,000 times less 
active as inhibitors; 2-fucosyl, lactose, lacto-N-tetraose and 
lacto-N-neotetraose were inactive. 

Further investigation is required to determine whether the 
weak inhibitory activity observed with the Le*-active oligosac- 
charide represents a cross-reaction or whether it is due to the 
presence of their type 2 isomers in the preparations tested. It is 
also of interest to determine whether the 3-fucosyl N-acetyl 
lactosamine structure is the entire antigenic determinant 
recognized by anti-SSEA-1 or whether, as with Ii antigens’, 
additional internal structures are involved. A recent obser- 
vation’? that a mixture of erythrocyte glycosphingolipids (H4 
fraction) with blood group H and I activities precipitates with 
anti-SSEA-1, indicated that the SSEA-1, H and I antigens 
might co-exist on the same macromolecules. Glycosphingolipids 
with 3-fucosyl-N-acetyl lactosamine sequence are known to 
accumulate in adenocarcinomas” but it has not been demon- 
strated on erythrocyte glycosphingolipids of the H1-4 series, 
although its presence in small amounts has not been completely 
ruled out (S. Hakomori, personal communication). 

Previous studies*?” have shown that the earliest embryo cells 
of the mouse and similarly, undifferentiated teratocarcinoma 
cells, express I antigen which is a branched oligosaccharide built 
of N-acetyl lactosamine units”* as follows: 


Galg1 > 4GIeNAcf1 
X 

6GalB1 > 4GIcNAc... 
A 


Galf 1 > 4GicNAcB1 


Presumably, a proportion of these chains become glycosylated 
with fucose in a1 > 3 linkage in the late eight-cell stage, when 
SSEA-1 activity is first found®. At the start of differentiation, i is 
expressed on visceral endoderm cells in addition to I (ref. 5) and 
SSEA-1 (refs 9, 11). The i antigen is a linear structure also built 
of N-acetyl lactosamine units’: 


GalB1 > 4GIcNAcB1 > 3GalB1 > 4GIcNAc... 


Subsequently, during embryogenesis and embryonal carcinoma 
cell differentiation, several types of differentiated epithelia are 
found which lack I, i and SSEA-1 activities. A reciprocal 
increase in blood group H activity has been demonstrated in 
some of these’. The relationship between the I, i, SSEA-1 and H 
antigens is schematized in Fig. 3. It is now well established that 
the I and i antigens are masked in the presence of the blood 
group H-active fucose in a1 > 2 linkage to galactose" and a 
similar conclusion can be reached from the present studies, with 
respect to masking of SSEA-1 antigen by such fucosylation. 
Alternatively, sialylation may occur at the terminal galactose; in 
a2 -> 3 linkage the sialic acid causes partial or complete mask- 
ing of the I and i antigens”* and possibly the SSEA-1 antigenic 
determinants. We can extrapolate further and envisage that, 
depending on. the relative activities of the various glycosyl 
transferases (and perhaps glycosidases) in individual differen- 
tiated tissues, the proportions of these several antigenic deter- 
minants will vary. For example, variation in fucosylation might 
explain the presence of SSEA-1 in some blastomeres but not in 
others’**, 

Thus, simple glycosylation steps involving changes in propor- 
tions of linear and branched structures and their fucosylated or 
sialylated derivatives provide a mechanism for stage-specific 
appearance and disappearance of antigens. It will be of interest 
to investigate which of the other various embryonic antigens? 
that disappear on differentiation reflect subtle glycosylation 
changes. 





% Inhibition 





inhibitor added (nmol) 


Fig. 2 Inhibition of binding of anti-SSEA-1 to "I-labeled 
meconium by oligosaccharides. Symbcls and structures for the 
oligosaccharides in order of their inhibitory activies are as follows: 


E Galg1 > 4GicNAcB1 > 6?—3 hexenetetrol(s) 


Toas 
Fuca N-1 Ry 0.7 1a 
©, GalB1 > 3GicNAcA1 > 3 or 4 galactitol 
Tis 
Fuca N-11 Ri 0.28 


O, Galgl > 3GicNAcBi > 3Galpi > 4Glc 
Mis P 
Fuca Fuca 


Lacto-N-difucohexaose IT 


V, Gal@1 + 3GicNAcB1 > 3Galfi > 4Gic 
Mia 
Fuca Lacto-N-fucopentaose If 


Y, Galgil > 3GIcNAcB1 > 3Galp: > 4Gle 
HER tis 
Fuca Fuca Lacto-N -difucohexaose I 
©, Galfi > 4Gic 
tia 
Fuca 3-Fucosyl lactose 
O, Gal@1 > 3GIcNAcB1 + 3Galfi + 4Gic 
tai,2 
Fuca Lacto-N-fucopentaose I 
@, GalB1 > 4Gic 
taz 
Fuca 2-Fucosyl lactose 
V, Gall > 3GlcNAcB1 > 3Galpl > 4Gle 
Lacto-M-tetraose 
A, Galg1 > 4GlcNAcB1 ~ 3al > 4Glc . 


Lacto-N-neotetranse... 


The following synthetic oligosaccharides” 7” 
highest levels tested shown in parentheses: 
Gal81 > 4GicNAcB1 + 3Gal (55 nmol), 
Gal81 > 4GleNAcB1 ~ 6Gal (92 nmol), 


Galgil > 4GicNAcBi 


were inactive atthe 


` 6 
3Gal (44 nmob 
a 


Galgil > 4GINAcgi 
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Fig. 3 Schematic presentation of the proposed structure for the 
SSEA-1 antigenic determinant and its relationship to blood group 
I, i or H active oligosaccharides and to sialylated structures of 
undetermined antigenic specificity. Symbols: O, 81 > 4 linked 
galactose; @, 81 + 3 linked N-acetyl glucosamine; @, B1 > 6 
linked N-acetyl glucosamine; A, a1 > 3 linked fucose; A,al +2 
linked fucose; [], a2 + 3 linked sialic acid; + implies optional 
substitution with a1 > 3 linked fucose, such that in the absence of 
other peripheral monosaccharides, the I, i or the SSEA-1 antigenic 
determinants are expressed. It is not known whether the a1 > 2 
fucosylation or the sialylation steps precede or follow the al > 3 
fucosylation of these precursor chains. 


The biological significance of the orderly changes of these and 
the major blood group antigens ABH (ref. 29) during develop- 
ment and differentiation is unknown. If these various carbo- 
hydrate sequences function as recognition structures involved in 
cell interactions and tissue organization, it can be anticipated 
that there will be a progressively increasing list of complemen- 
tary molecules (endogenous lectins) specifically reactive with 
them. From the present studies it can be predicted that a 
3-fucosyl N-acetyl lactosamine-mediated recognition system, 
analogous to the previously described lectin-like compound on 
hepatocytes”, is operating at the embryonic cell surface, and it is 
tempting to speculate that such a lectin may be involved in the 
process of compaction. This occurs at the eight-cell stage of the 
mouse embryo when blastomeres become tightly associated 
with each other and undergo substantial changes in their 
organization during differentiation®'. Thus, there is now a need 
to investigate the significance of different carbohydrate struc- 
tures and lectins?" on mammalian embryonic cells. They may 
be involved in sugar~—pretein interactions which are crucial and 
specific for phenomena as varied as receptor-mediated uptake 
of circulating glycoproteins*°** and the homing of enzymes to 
appropriate intracellular compartments****. 

We thank Drs E. A. Kabat, W. M. Watkins, C. Augé, S. 
David, A. Veyrières and J. Koicielak for providing oligosac- 
charides and blood group substances, Mrs Jean Picard for 
serological assessment of meconium extracts, Dr Peter W. 
Andrews for helpful discussions, and Mrs M. Moriarty for 
secretarial assistance. H.C.G. is a fellow of the Arthritis and 
Rheumatism Council, UK, and A.K. and M.J.E. are supported 
by the Cancer Research Campaign, UK. This study was suppor- 
ted in part by the US grants TSH NIH CA 18470, CA-10815, 
HD-12847 and NSF grant PCM-7816177. 

Note added in proof: Further studies to be described elsewhere 
(E. F. Hounsell, H. C. Gooi and T. Feizi, in preparation) have 
shown that the inhibition of anti-SSEA-1 by the type 1 oligo- 
saccharide, lacto-N-fucopentaose II, is due to the presence of 
the type 2 isomer, lacto-N-fucopentaose HI, in this preparation. 
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Increasing the cytoplasmic calcium concentration of human 
erythrocytes with ionophore A23187 drives the transformation 
from diskocyte to echinocyte morphology’. This transformation 
is closely linked to the intracellular ATP level, which drops 
when calcium is introduced across the membrane*”, The 
echinocyte morphology reverts to the diskocyte after restoration 
of normal ATP and calcium levels**. ATP control of cell 
morphology is thought to depend on the action of a protein 
kinase and phosphatase which reversibly modify the membrane 
cytoskeleton”. The cytoskeleton in turn is in contact with the 
outside membrane surface via transmembrane proteins!™™, We 
show here that binding of the lectin, wheat-germ agglutinin 
(WGA), to the erythrocyte membrane surface blocks the 
morphological conversions diskocyte > echinocyte in both 
directions. WGA seems to work via a mechanism involving the 
transmembrane glycoprotein, glycophorin'*"*. 

Wheat-germ agglutinin was used as a convenient tool to 
control in a reversible way the morphological conversion initi- 
ated by Ca®*-A23187 on the cytoplasmic side. The internal 
echinocytic reactions initiated by Ca**-A23187 are not blocked 
by WGA binding to the membrane; instead they go to 
completion and are ‘stored’ until finally expressed, as a 
morphological change, when WGA is displaced from the 
membrane. 
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Fig. 1 Control of human eryth- 
rocyte morphology by wheat germ 
agglutinin (WGA) on the cell’s 
outside surface in relationship to 
internal calcium loading and cell 
metabolism. Final erythrocyte — 
concentration for sequence I is 1 x 
10’ cells ml”'. Buffer (mM): 10 
KCl, 130 NaCl, 2 MgCl, 15 Tris, 
pH 7.4, 25°C. Erythrocytes were 
drawn and washed as described 
before'*. In sequence I the concen- 
tration of WGA is 2 pg mi”; this 
results in 18 x 10° molecules bound 
per celi. In reaction (2), 0.2 mM Ca”™ 
and 5 uM A23187 were added, giv- 
ing the final cytoplasmic calcium 
concentration at equilibrium of 0.4 
mM. Addition of ionophore without 
added calcium caused no 
morphological change. Calcium 
influx into the cell was 50% 
complete after 30 s, 80% complete 
after 60 s and 100% complete after 
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100 s. The influx was followed using “Ca?” (ref. 15). The binding of WGA to the cell did not change the flux of calcium across the membrane or 
the final cytoplasmic calcium concentration. Calcium was then withdrawn from the cell using 2 mM EGTA, leaving < 1@ pM, 150s after addition 
of EGTA. Lectin was displaced from the membrane by addition of 30 mM NAG. The unbinding was followed with WGA, and was 
complete (<2 x 10° molecules per cell) within 30 s of addition of NAG. In sequence Il, diskocytes are converted to echinocytes using the above 
conditions. In reaction (2) calcium was removed with 2mM EGTA and ionophore A23187 with a 0.3% bovine serum albumin wash. The red 
cells were > 90% echinocytes at this point, but upon re-energizing with 5 mM glucose and 2 mM inosine [reaction (3)], 95% of the cells reverted 
to diskocytes within 2 h. In reactions 4-6, the cell concentration was lowered to 2x 10° cells per ml to avoid lectin-induced agglutination during 
the 2-h glucose-inosine incubation. The WGA concentration was 1 pg ml~!, with 20 x 10° molecules bound per cell, 


The sequences of morphological changes are illustrated in Fig. 
1. Figure 2 shows scanning electron microscope photographs of 
red cells in the critical stages of the reactions. 

For the experiments of sequence I (Fig. 1), WGA was added 
to diskocytes such that the amount bound, rwoa, was 1.8 x 10° 
molecules of WGA per cell. This amount did not produce any 
change in cell morphology, as was expected'*. When the cyto- 
plasmic calcium concentration was increased, using 0.2 mM 
Ca* and 5 pM A23187, the cells with this level of bound lectin 
completely retained their normal diskocyte morphology. 
However, erythrocytes treated identically, but without lectin, 
lapsed to the echinocyte morphology within a few minutes. 
Figure 2a and b contrasts lectin-protected and unprotected 
cells. 

The lectin does not control morphological conversion by 
blocking transport of calcium into the cell by ionophore A23187 
because when the Ca’” flux into the cell was quantified using 
45Cq?* (ref. 15), both the rate of Ca?" influx and the final 
cytoplasmic concentration of calcium were found to be identical 
for cells with bound lectin, and control cells. 

WGA is rapidly displaced from protected cells by N-acetyl- 
glucosamine (NAG). Reaction (3) of sequence I shows that 
within 30 s of addition of NAG to lectin-protected Ca**-loaded 
diskocytes, the lectin was displaced and the diskocyte > echino- 
cyte conversion completed. The velocity of this reaction was 
greater by an order of magnitude than that of the conventional 
Ca?*-A23187-driven conversion (see Fig. 3), indicating that the 
erythrocytes were already calcium loaded when NAG was 
added. 

Reaction (2) of sequence I shows that WGA completely 
blocks the echinocyte effects of Ca’*-A23187. Reactions (4) 
and (5) show that the lectin does not block internal reactions 
initiated by Ca?*. In reaction (4), EGTA was used to remove 
cytoplasmic Ca?*. Using **Ca’*, removal of Ca?” was shown to 
be complete (within experimental error of the measurement of 
cytoplasmic Ca** which is + 10 aM) within 150 s of addition of 
EGTA. The products of reaction (4) are diskocytes which have 
had Ca?*~A23187 influxed, then completely removed, while 
fully protected by WGA. However, when WGA is displaced by 
NAG, as shown in reaction (5), the Ca’*-free diskocytes 





immediately change to echinocytes. Thus the internal reactions 
initiated by Ca?*-A23187 are not erased by removal of Ca”, 
but their final expression, formation of echinocytes, is permitted 
only when the external lectin is removed. 





Fig.2 Scanning electron micrographs of erythrocytes from stages 
indicated by the letters a, $ c and d in Fig. 1. Scale bar, Sum. 
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The effects of calcium on the cell morphology are reversible if 
the initial calcium concentration is < 0.5 mM and the incubation 
time with calcium <15 min. In these conditions cytoskeletal 
cross-linking’*'’ by endogenous transglutamidase or disulphide 
coupling? does not occur to a significant extent. This is supported 
by the fact that the echinocyte morphology is reversed on 
restoration of normal calcium and ATP levels. Calcium also 
activates an endogenous phospholipase C which results in the 
hydrolysis of phosphotidylinositol and the accumulation of 1,2- 
diacyglycerol'*'*, In our conditions <0.4% (<10° molecules 
per cell) of the phospholipids would be hydrolysed’. It is 
unlikely that this small amourt of 1,2-diacylglycerol would 
effect a morphological conversion”. 

The forward and reverse rates of the diskocyte ++ echinocyte 
conversion in the absence of WGA and the profound decrease in 
these rates effected by the lectin are shown in Figs 3 and 4. The 
ordinate value in these figures, r, is the fraction of cells which are 
echinocytes; at r = 0, all cells are diskocytes. 

Reaction (1) of sequence II represents a conventional 
diskocyte > echinocyte conversion by Ca?*-A23187. When this 
conversion is 100% complete, the Ca’* is removed by EGTA 
and the ionophore A23187 by serum albumin. If glucose and 
inosine are then added to allow regeneration of ATP, these 
calcium-unloaded echinocytes revert slowly to the diskocyte 
form. At least 95% diskocytes (r =0.05) are obtained after 
2h. 

In reaction (4) WGA is used to control the Ca?*-A23187- 
produced echinocytes. If lectin is added to calcium-unloaded 
echinocytes followed by incubation in glucose for 2 h (the time 
necessary for completion of the conventional echinocyte disk- 
ocyte conversion), the cell morphology does not change from the 
echinocyte. If the lectin is then displaced with NAG, the 
echinocyte> diskocyte conversion proceeds to completion 
within seconds. It is clear that the reactions needed to erase the 
impact of Ca”*-A23187 on the membrane take place by the end 
of the 2-h incubation with metabolite. Thus displacement of 
WGA from echinocytes, which have been emptied of Ca**- 
A23187 and re-energized, causes a return to the diskocyte 
that is much more rapid than the conventional reversal in 
reaction (3). 

The diskocyteztechinocyte conversion is the result of a 
number of molecular events within the membrane. Increased 
cytoplasmic calcium activates internal reactions, which drive the 
change in cell shape. The data presented in Figs 3 and 4 indicate 
that the internal reactions for the diskocyteechinocyte 
morphological conversions are not blocked by lectin binding to 
the outside of the membrane. Instead lectin binding to one 
membrane component, which is crucial in the sequence of 
molecular events, blocks this component’s participation in the 
sequence or pathway leading to morphological conversion, 
thereby completely blocking the conversion, 

The receptor for WGA on the human erythrocyte is the major 
sialoglycoprotein, glycophorin'?"*. WGA binds to the sialic acid 
groups of glycophorin; when these groups are removed, lectin 
binding and control of cell morphology are eliminated’*. Gly- 
cophorin is a transmembrane protein and is thought to be 
associated with band III within the membrane’’. It can thus 
interact with the cytoskeleton via the linkage band I1I~ankyrin— 
spectrin'®’*. Accordingly, WGA may influence the cytoskeleton 
and cell morphology, via the transmembrane proteins, in the 
following way: 
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Fig. 3 Time course of the diskocyte- echinocyte conversions 
from sequence I, Fig, 1. r, Fraction echinocytes. Points lying on the 
abscissa (7 = 0) represent WGA-protected diskocytes. 


The existence of a cross-linking mechanism whereby the lectin 
randomly cross-links glycophorins to form an ‘exo- 
cytoskeleton seems unlikely as: (1) freeze-fracture electron 
microscopy has shown that lectins do not cause clustering of 
receptors on intact cells”, (2) the glycoprotein receptors are 
uniformly distributed in the membrane, ~ 200 A apart’, and 
(3) the carbohydrate binding sites on WGA are 40 A apart” and 
thus WGA could not span the distance separating the gly- 
cophorins. It is more likely that each WGA binds specifically to 
one glycophorin molecule, or, perhaps, to a dimer. Support for 
this view comes from work with peanut lectin, which can control 
change of shape of the desialated erythrocyte. Peanut lectin 
binds to desialoglycophorin with high specificity”? and, at a 
concentration of 3x 10° molecules bound per cell, completely 
blocks the diskocyte > echinocyte conversion. As there are only 
about 6x 10° monomers of glycophorin per cell’*, it is very 
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Fig. 4 Time course of the echinocyte~diskocyte conversions 
from sequence II, Fig. 1. 
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unlikely that random cross-linking takes place with such a small 
amount of lectin bound. A more reasonable proposition is that 
the lectins exert their control of morphology by intramolecular 
binding to a glycophorin dimer. This is supported by the fact that 
the molecular ratio of peanut lectin: glycophorin is 1:2 when 
morphology is completely blocked (R.A.A. and R.E.L. unpub- 
lished results). 

The transmembrane protein glycophorin is a crucial 
component in cytoplasmic Ca?” -induced morphological change, 
and lectins may exert their control of morphology by specifically 
binding to glycophorin. The ‘sidedness’ or asymmetric nature of 
glycophorin enables carefully aimed use of lectins, specific for 
glycophorin’s external carbohydrate, to block the expression of 
internal biochemical reactions. The indirect action of Ca’* 
the cell cytoskeleton is paramount in this morphology con- 
version. Thus it is likely that glycophorin—cytoskeletal contact is 
also important in this morphological conversion. 

This work was supported by the University of Minnesota 
Graduate School. 
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It is thought that the dense actin filament networks found in the 
cortex of many cell types’ * might account for the gelled consis- 
tency of the cortex“ and the exclusion of other organelles from 
this region of the cytoplasm**, We now demonstrate that a new 
actin-binding protein from Dictyostelium that gels actin in vitro 
is concentrated in the cell cortex, suggesting that this protein, in 
association with actin, accounts for the gel-like properties of this 
region of the cell. 


Cell extracts from the amoeboid stage of the cellular slime 
mould Dictyostelium discoideum contain protein factors that gel 
actin filaments in vitro’, We have recently purified to homo- 
geneity one of these gelation factors thet has a molecular weight 
of 120,000 (120K)"*. It is a soluble, trypsin-sensitive and 
carbohydrate-free protein that increases the viscosity and 
sedimentation rate of F actin, inhibits the actin-stimulated 
Mg?*-ATPase activity of myosin and nucleates actin filament 
assembly in vitro'®. The interaction of this actin-binding protein 
with F actin is not inhibited by millimolar ATP or micromolar 
calcium. Electron microscopy demonstrates that this protein 
promotes both side-to-side and end-to-side interactions 
between actin filaments in vitro”, 

To ascertain the function of this protein in vivo we have used 
the indirect immunofluorescence technique to determine its 
location in spreading and migrating cells. Antisera were raised 
against purified native 120K protein in rabbits and characterized 
as monospecific by double diffusion anc immunoelectr ophoresis 
in agar’' (Fig. 1). Dictyostelium ameebae were cultured in 
suspension in HLS'”, washed in 20 mM KCl, 1 mM CaCl, 2 mM 





Fig. 1 The 120K protein was purified from Dictyostelium amoe-~ 
bae as described elsewhere”, a Shows SDS- -polyacrylamide gel 
electrophoresis of the purified antigen. Rabbits were immunized 
with native 120K protein by subcutaneous injection of antigen in 
complete Freund’s adjuvant and boosted once with antigen in 
incomplete Freund’s adjuvant 4 weeks after initial immunization. 
Antiserum was characterized using double immunodiffusion in 1% 
agarose? . b Shows result with antiserum in the centre well with a 
clockwise progressive twofold dilution of native 120K protein in 
the outer wells. c Shows the result with antiserum in the centre with 
outer wells filled with the following, clockwise from the top: a 
complex of 95,000 MW protein-120K orotein-actin®®, 95,000 
MW protein alone; 95,000 MW protein plus actin; whole cell 
extract; 1/Sth dilution native 120K protein; native 120K protein. 
In both cases single precipitin arcs result showing monospecificity 
and fuse to demonstrate immunological identity. No reaction was 
found in samples containing actin or 95,000 MW protein, the other 
major actin-binding protein found ir Dictyostelium?! d, 
Immunoelectrophoresis was performed as described previously in 
1% agarose’. Wells from top to bottom contain cell extract, native 
120K protein and cell extract. Troughs from top to bottom contain 
pre-immune serum, antiserum to 120K protein and antiserum to 
120K protein. A single precipitin line with the same electro- 
phoretic mobility is formed against 120K protein and the cell 
extract. 
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Fig. 2 Scanning electron micrographs of spreading (a) and 

migrating (b) amoebae on poly-L-lysine. Cells were prepared for 

microscopy by fixation in 2% glutaraldehyde in 40 mM sodium 

phosphate pH 7.0 for 10 min, dehydrated in ethanol and critical 
point dried against COQ. Scale bar, 10 uM. 


MgSO, and 40 mM sodium phosphate pH 6.4 and allowed to 
spread and migrate on poly-L-lysine-coated coverslips. In these 
conditions, when the cells first make contact with the adhesive 
surface, they become flattened against the substrate on the 
bottom and proceed to throw ruffles from the surface back over 
the cytoplast, which remains rounded (Fig. 2a). The cells then 
progressively flatten and begin to migrate by sending out large 
flat ruffles or pharopods (Fig. 2a). In randomly migrating cells 
such as those shown here the pharopods are usually extended 
from all sides of the cell with only one or two gaining dominance 
at the leading edge during net locomotion (Fig. 26). Migrating 
cells usually remain slightly rounded in the cytoplast region 
which contains the nucleus and other organelles, even when 
exhibiting rapid migration. At no stage during spreading or 
locomotion are stress fibres or large microfilament bundles 
observed within these cells in either the light or electron micro- 
scope, respectively’. 

Immunofluorescence for 120K protein in cells undergoing 
various stages of spreading and migration on poly-L-lysine is 
shown in Fig. 3. All the cells have bound antiserum and exhibit 
at least one of two types of fluorescence: weak diffuse fluores- 
cence which seems to be distributed throughout the cytoplasm 
exclusive of the nucleus, and strong peripheral fluorescence 
which is concentrated in the cell cortex, ruffles and pharopods. 
In spreading cells (Fig. 3c), ruffies at both the cell margin and 
those thrown back over the cytoplast stain for the presence of 
120K protein. In migrating cells (Fig. 3d), 120K protein is 
concentrated primarily in pharopods that extend randomly from 
the cell margin. In both cases a thin rim of fluorescence is usually 
seen around most of the periphery of the cell. 

To determine whether 120K protein was present in mam- 
malian cells, human (HeLa) and rat kangaroo (Ptk-2) tissue 
culture cells were fixed, permeabilized and stained with 
antiserum against 120K protein as described above. None of 
these cells demonstrated immunofluorescence for the protein. 

The concentration of 120K actin-binding protein in structures 
associated with the cell periphery is analogous to the 
immunofluorescence localization in the cell cortex of macro- 
phage actin-binding protein’? and filamin’? in macrophages and 
cultured fibroblasts, respectively. The localization of 120K pro- 
tein in the cell cortex, ruffles and pharopods of Dictyostelium is 
quite similar to that of macrophage actin-binding protein in lung 
macrophages’? but less similar to the location of filamin in 
cultured fibroblasts, where this protein is also found in stress 
fibres. This latter difference might be due more to the absence of 
actin-containing stress fibres from Dictyostelium amoebae and 
macrophages than to dissimilarities in function between 120K 
protein and filamin. 

The properties of purified 120K protein in vitro and its 
concentration in the cell cortex in situ suggest possible functions 
for this protein in vivo. The location of 120K protein in the cell 
corresponds well with that of actin determined by 
immunofluorescence’* and electron microscopy’. This protein 


cross-links and gels filamentous actin and hence may be required 
with actin for the formation of the cortical gel long known to be 
present in amoeboid cells’. The presence of weak fluorescence 
for 120K protein throughout the cytoplasm of Dictyostelium 
amoebae suggests that small amounts of the protein in asso- 
ciation with actin may also account for the presence of the 
diffuse filamentous network seen throughout the cytoplast®. The 
concentration of 120K protein in ruffles and pharopods 
indicates that cytoplasm within these structures has an increased 
potential for the formation of a rigid actin gel but does not prove 
that the cytoplasm in this region is gelled continuously, because 
gels formed from 120K protein and actin im vitro are readily 
solated by micromolar Ca’ in the presence of 95K protein®?"”. 





Fig. 3 Light microscopy of amoebae on poly-L-lysine. Cells were 
fixed in 3.7% formaldehyde in 0.85% NaCl, 10 mM sodium phos- 
phate pH 7.2 for 10 min, permeabilized in ~20°C acetone and 
stained with rabbit antiserum against 120K protein followed by 
goat anti-rabbit IgG conjugated to rhodamine (Cappel). Controls 
were as follows: pre-immune serum in place of antiserum against 
120K protein, deletion of immune serum before staining with goat 
anti-rabbit IgG, cells fixed but not permeabilized with acetone, use 
of antiserum preabsorbed with native 120K protein. Staining was 
not detected in any of these controls. a, Phase and b, fluorescence 
of cells permitted to spread and migrate on poly-L-lysine; c, 
spreading cell, and d, migrating cell at higher magnification. a and 
b, x1,200; c and d, X2,500. 
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This protein also nucleates assembly of actin filaments, 
thereby promoting end-to-side filament attachments resulting in 
branched filaments which are frequently observed in the cortex 
of Dictyostelium in situ**®. Concentration in the cell cortex of 
actin nucleation activity associated with 120K actin-binding 
protein would have substantial significance in the generation of 
new actin filaments in this region of the cell during sol-gel 
transformations and pseudopod extension, and might result in 
the production of large numbers of free actin filament ends 
which could be used to advantage by the cell to establish 
membrane-filament attachments‘. 
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work was supported by grants from the USPHS to J. C. (GM 
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The induction in mice of humoral antibody to purified poly- 
saccharides, such as dextran B1355, dextran B512 and other 
bacterial capsular materials, is generally regarded as being 
thymus independent'™, that is, not requiring conventional car- 
rier-specific T-cell help’. Such responses are largely 
immunoglobulin M (IgM), often transient although occasionally 
cyclic, and there is little evidence of immunological memory’™"’. 
The selective formation of an IgG response to polysaccharides 
or haptenated polysaccharides (for example, dextran B512, 
dinitrophenol (DNP)-Ficoll) has also been characterized as 
thymus independent'*"*, Recent reports have indicated that the 
murine IgG response to such antigens is restricted largely to the 
IgG, subclass'*"* although lesser amounts of other IgG sub- 
classes have been reported after stimulation with thymus- 
independent antigens such as DNP-Ficoll and DNP—Levan'*"’, 
In the latter study, T cells were shown to influence certain IgG 
subclass responses to haptens on a thymus-independent car- 
rier”. Here we report that BALB/c mice produce a substantial 
IgA anti-a(1,3)dextran B1355 response in vitro that is highly 
T-cell dependent and age-dependent. This finding represents a 
significant departure from previous observations and may have 
particular relevance for mucosal immunity. It also suggests the 
need for a re-evaluation of the induction and regulation of 
anti-polysaccharide antibody responses. 

To study the induction and regulation of the Igh-1* allotype- 
linked anti-a(1,3) antibody response to the purified poly- 
saccharide dextran B1355 (43% a(1,3) and 57% a@(1,6) glucan 
linkages) we used Mishell-Dutton in vitro culture methods'*. As 
shown in Table 1, substantial IgA anti-@(1,3)dextran responses 
were seen only when spleen cells were obtained from old 
(10-17-month-old) BALB/c mice. In contrast, spleen cells from 


anti-a(1,3)dextran responses over a 3~5-day culture period. 
Similar results (not shown) were obtained in cultures using 
mesenteric lymph node (MLN) cells. The IgM and IgA anti- 
dextran B1355 antibody in spleen and MLN cultures shared 
idiotypic determinants with the two well-characterized anti- 
a(1,3) glucan myelomas, MOPC 104E (igMA,) and J558 
(IgA A,)'° as determined in specific inhibition studies with anti- 
J558 or anti-MOPC 104E antiserum. 

To determine whether the absence of the IgA anti- 
a(1,3)dextran response in spleen or MLN ceils from younger 
mice was due to cell-mediated suppression, we compared the 
responses in cultures containing young, old or age-mixed spleen 
or MLN cells. Cells from young mice did not suppress the 
anti-dextran response of cells from old mice (see Fig. 1). 

The IgA anti-a(1,3)dextran response was markedly T-cell 
dependent (see Fig. 2). Thus, anti-Thy 1.2 and complement 
treatment ablated the in vitro IgA anti-a(1,3)dextran response 
in spleen and MLN cells and such responses were totally recon- 
stituted by the addition of T cells. 

To clarify the nature of the T-cell regulation of the IgA 
response, we used dextran B1355 derivatized with tri- 
nitrophenol (TNP)~lysine (TNP-dex)*” as an in vitro antigen. 
Our experiments demonstrate that the IgA response after sti- 
mulation with TNP~dex was limited to dextran a(1,3) deter- 
minants. Both IgA and IgM anti-a(1,3)dextran responses were 
induced by this antigen (Fig. 3) whereas there was only an IgM 
response to the TNP determinant in either normal (Fig, 3a) or 
TNP-protein-primed (Fig. 34) mice. 

The results clearly demonstrate the age-dependence of the in 
vitro IgA anti-a(1,3}dextran B1355 response in BALB/c mice. 
Antigen-stimulated cultures from 2-8-month-old BALB/c 
mice did not produce significant IgA anti-a (1,3 }glucan antibody 
although such cultures were competent in terms of anti-sheep 
red cell (SRBC) (not shown) and [gM anti-w(1,3)glucan 
responses, Note that although we did not prime the old mice 
used in our study, the mice may not be antigenically naive. 
Polyglucans are ubiquitous antigens in the mammalian digestive 
tract and the increase in the IgA anti-a/1,3)glucan response in 
ageing mice may be due to T- and/er B-cell priming with 
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Fig. 1 Failure of lymphoid cells from young BALB/c mice to 
suppress IgA anti-o(1,3)dextran B1355 response in cultures 
containing lymphoid cells from old BALB/s mice. Spleen cells (a) 
or MLN cells (6) from 12-month-old (eld) or 6-8-week-old 
(young) mice were cultured alone or mixed ata 1:1 ratio, Cultures 
containing 2.5 x 10° old cells, 2.5 x 10° young cells or 2.5 x 10° old 
cells and 2.5x 10° young cells in 0.5 ml were stimulated with 
optimal concentrations of dextran B1355, Cultures were assayed 
on day 5. Data represent the mean+ts.e.m. of seven experiments 
(a) and four experiments ($). Culture conditions were as described 
in Table 1 legend. 
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Table 1 = Age-dependence and kinetics of the in vitro 
anti-a(1,3)dextran B1355 response 





Dextran 
B1355 Anti-dextran response* 
Age of mice (ng per (PFC per 10° cultured cells) 
(months) culture) IgM IgA 
Day 3 Day4Day5 Day3 Day4 Day5 

None 9 <2 <2 NT NT NT} 
4 0.1 67 106 16 <2 <2 <2 
1.0 78 11 32 <2 <2 <2 
None 7 <2 <2 NT NT NT 
12 0.1 102 303 99 195 509 391 
1.0 80 259 218 199 449 289 


The table shows a representative experiment in which spleen cells 
from 4- or 12-month-old BALB/c mice were cultured at 2.5 x 10° cells 
per 0.5ml in Falcon mutiwell tissue culture plates (no. 3008) and 
stimulated with 0.1 or 1.0 ng dextran B1355., Culture medium RPMI 
1640 containing 10% fetal calf serum (FCS, lot 614 from Gibco), 
2-mercaptoethanol (5x 1075 M), penicillin (40 U ml~') and strepto- 
mycin (40g ml” ') was enriched with 12% cocktail’. Results are means 
of duplicate cultures. 

* Specific anti-a (1,3) responses were assayed using palmitoyl dextran 
B1355 coupled to HRBC 1 IgM and IgA anti-dextran plaques were 
totally inhibited by dextran B1355 but not by dextran B512 (95% a(1,6) 
and 5% a(1,3)glucan linkages) added to the plaque-forming cell (PFC) 
assay?! IgG responses, including IgG3, were not detected using poly- 
valent and subclass-specific enhancing reagents. 

+ NT, not tested. In other experiments, low background levels of IgA 
anti-dextran PFC (that is, from 10 to 40 PFC per 10° cultured cells) were 
noted regularly in lymphoid cell suspensions derived from mice > 10 
months old but not in younger mice. 


naturally occurring environmental 
surfaces*?**, 

We point out that the age at which IgA responses were 
observed in vitro was considerably delayed compared with our 
previously reported in vivo results in which responses were seen 
between 1 and 6 months of age’. Because over 95% of the 
anti-dextran B1355 antibody in vivo and in vitro showed idio- 
typic determinants that cross-reacted with the two well-charac- 
terized myeloma proteins J558 and MOPC104E, we conclude 
that both systems produce antibodies that are similar or iden- 
tical. We have no convenient explanation for the differences 
observed in vivo and in vitro. Cell-mediated suppression does 
not seem to explain the lack of the in vitro IgA response in young 
mice (see Table 1), but a relative deficiency of specific T or B cell 
or the size (that is, molecular weight ~4 x 10”), structural or 
chemical characteristics of the molecule may explain the fact 
that immunization with dextran B1355 is less efficient in vitro 
than in vivo. In addition, differences between the in vitro and in 
vivo systems may depend on the microenvironment or adherent 
cell requirements**”* for immunocompetence. 

The T-dependence of the in vitro IgA anti-a(1,3)dextran 
response was striking and confirms our previous in vivo report’. 
Invariably, the removal of T cells from spleen or MLN popu- 
lations eliminated the IgA anti-a (1,3) response and such 
responses were restored by the addition of T cells. Moreover, 
the T-dependent IgA anti-a(1,3) response did not seem to 
require conventional carrier-specific T-cell help®. Thus, with 
TNP-dextran as an immunogen, we routinely observed IgM and 
IgA anti-a(1,3)dextran responses and IgM anti-T NP responses 
in spleen and MLN cultures from unprimed or TNP-protein- 
primed mice, whereas such cultures produced no significant IgA 
anti-TNP response. The specificity of the response for 
«(1,3)glucan determinants argues against polyclonal activation 
by dextran in this system*® or a role for IgA isotype-specific 
T-helper cells’. However, we cannot exclude the possibility 
that the IgA anti-a(1,3)glucan precursor B cell that responds to 
T-cell help has special cell-surface determinants or properties 
that are lacking on normal or TNP-primed precursor B cells. We 
prefer the interpretation that T-cell help for the IgA anti- 
a(1,3)dextran response is directed to idiotypic determinants on 


antigens at mucosal 
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Fig. 2 Representative experiments showing the T-cell depen- 
dence of the IgA anti-a(1,3)dextran B1355 response in BALB/c 
mice. Cultures containing spleen cells (a) or MLN cells (b) were 
treated with complement alone (1), or anti-Thy 1.2 and comple- 
ment (2), Additional cultures (3) were treated with anti-Thy 1.2 
and complement and reconstituted with MLN which were depleted 
of B cells before mitomycin C treatment according to a two-step 
panning procedure? (a) or with mitomycin C-treated spleen cells 
(b). Cells from triplicate cultures were pooled and assayed on day 5 
for specific IgA (solid bars) or IgM (open bars) anti-a(1,3)dextran 
B1355 responses. Culture conditions were as described in Table 1 
legend. IgM anti-SRBC responses in parallel control cultures were 
totally ablated by anti-Thy 1.2 and complement treatment and 
restored by T cells (not shown). 


anti-a (1,3)glucan antibody associated with the B cell or perhaps 
accessory cells, and not to a(1,3) determinants on dextran 
B1355. 

Considerable evidence in mice substantiates the ability of 
antibody directed at specific immunoglobulin idiotypes to 
suppress or stimulate B cells?™™??, There is less evidence, 
however, for T-cell help directed towards idiotypic 
determinants****. Previous studies reported that anti-idiotypic 
T-cell help for the B-cell response was either antigen-indepen- 
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Fig. 3 Specific anti-a(1,3)dextran and anti-TNP responses in 
spleen. or MLN cultures stimulated with TNP-dextran B1355. 
Cultures containing 2.5 x 10° spleen or MLN cells from 10-17- 
month-old unprimed BALB/c mice (a) or BALB/c mice primed 
three times at 1-4-month intervals with TNP-ovalbumin or TNP- 
keyhole limpet haemocyanin (b) were stimulated in culture with 
TNP-dextran B1355 (1 ng per culture, hatched bars or 10 ng per 
culture, open bars). Cultures were assayed 5 days later for specific 
IgM and IgA anti-o(1,3)dextran B1355 and anti-TNP responses. 
Data represent the meants.e.m. of five experiments with 
unprimed and six experiments with TNP-primed mice. Culture 
conditions were as described in Table 1 legend. Control cultures 
from TNP-protein-primed mice stimulated with TNP on the 
homologous carrier yielded > 400 IgA anti-TNP PFC per 10 
cultured cells. 





Nature Vol. 292 9 July 1981 


168 








-dent* or required two populations of T cells, one carrier- 
reactive and the other idiotype-specific’’. The striking obser- 
vation in our study was the antigen-dependence and apparent 
lack of need for carrier-specific T-cell help for the IgA anti- 
a(1,3) response in vitro. Thus, T-helper cells are important in 
the regulation of the immune response to polysaccharide 
antigens such as dextran B1355, Moreover, anti-idiotypic T- 
helper cells may play a major part in influencing the induction 
and regulation of the B-cell repertoire to polysaccharide 
antigens. 

The immune response to such antigens has been difficult to 
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Kainic acid (KA) is one of the most powerful of a group of 
‘excitotoxic’ analogues of the putative neurotransmitter glu- 
tamate (Glu) whose neurotoxicity may involve an excitatory 
mechanism mediated through glutamergic postsynaptic recep- 
tors”, The finding’ that neural membranes have specific sites 
where KA binds quite firmly and that Glu inhibits such binding 
very weakly, however, raises the possibility that KA and Glu 
receptors may be separate and distinct (see also refs 10, 11). It is 
in any case known that the neurotoxic properties of KA and Glu 
are not identical. Thus, when injected into the amygdala, both 
Glu and KA destroy local neurones but only KA induces 
sustained limbic seizures and an apparently seizure-mediated 
pattern of extra-amygdaloid brain damage™™*, Ruck et al.’*, 
having recently found that the folic acid derivative, methyl- 
tetrahydrofolate (MTHF), competes powerfully for KA binding 
sites on rat cerebellar membranes and mimics KA in depolariz- 
ing frog spinal neurones, proposed that MTHF may be an 
endogenous neuromodulator with both excitatory and neuro- 
toxic properties. We have therefore injected MTHE directly into 
the amygdala of the adult rat and found that at a rather high dose 
(300 nmol), it reproduces the specific component of KA neuro- 
toxicity that Glu fails to reproduce, namely the limbic 
seizure/brain damage syndrome. We have also found that folic 
acid itself (pteroyl-L-glutamic acid, PGA) and one of its 
reduced derivatives (N-5-formyltetrahydrofolate, FTHF) are 
substantially more powerful than MTHF in reproducing this 
syndrome. 

Fifty-five adult Harlan rats (250-300 g) were anaesthetized 
with ether and Nembutal (45 mg per kg) and injected stereo- 
taxically with KA (3 nmol), sodium MTHF (10-300 nmol), 
sodium PGA (25-150 nmol) or calcium FTHE (25-150 nmol) 
into the amygdala (Pellegrino and Cushman coordinates AP 
~ 0.4, L5, V9), Each agent was dissolved in sterile distilled water 





immediately before use with NaOH added as needed to neu- 
tralize pH and improve solubility. Injections were delivered in 
volumes of 0.5-3.0 ul over a 5-min period through a 30-gauge 
needle and Hamilton microsyringe. All animals were killed by 
perfusion fixation 4 h after injection, as by this time the neuro- 
toxic manifestations of KA are clearly evident in histological 
sections’. Brains were processed for evaluation by light and 
electron microscopy as described previously'®. 

` As in earlier experiments'*'*"°, KA injection (3 nmol) 
caused staring, mouth movements, head bobbing, eye blinking, 
wet dog shakes, sialorrhoea and limbic seizures which, in some 
animals, could be described as ‘status’ limbic seizures. All 
KA-injected animals (n = 6) had a conspicuous acute neurotoxic 
reaction at the local injection site, consisting of massive dilata- 
tion of neuronal dendrites, swelling of astroglia and either 
oedematous swelling or vacuolization and dark cell degenera- 
tion of neuronal somata. The local reaction was typically most 
severe in the region immediately surrounding the injection site 
but many amygdaloid neurones further from the injection were 
also damaged, as were neurones in the piriform, entorhinal and 
temporoparietal cortices, the hippocampus, lateral septum and 
certain thalamic nuclei. In some animals all these brain regions 
were involved but in others only a partial syndrome developed. 
An apparent ‘mirror’ focus of acute neuronal degeneration was 
evident in the contralateral amygdala of one animal. This dis- 
seminated pattern of damage in KA-treated animals, which 
several authors have attributed to a seizure mechanism 21709772 
is illustrated in refs 17, 21, 22. 

When MTHF was injected into the amygdala at 10, 30, 60, 
100 and 300 nmol, tissue and behavioural pathology was 
observed only at the highest dose. Of four animals injected with 
this dose, three were affected; each displayed periodic KA-type 
seizures over a 1-2 h period and had mild brain lesions primarily 
involving the piriform cortex (Fig. 1a, b). Amygdaloid neurones 
were less consistently damaged and the tissue zone immediately 
surrounding the amygdala injection site was sometimes totally 
free from damage. 

PGA and FTHF were both injected into the amygdala at 25, 
50, 100 and 150 nmol (four animals at each dose of each agent) 
and every dose of each compound reproduced a KA-type 
seizure/brain damage syndrome. At 25 nmol, the seizures 
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Fig.1 a,b, The adult rat piriform cortex following injection of 60 
nmol (a) or 300 nmol (6) of MTHF into the amygdala. The piriform 
cortex of a appears normal and this animal exhibited no 
behavioural pathology. The piriform cortex of b displays the 
typical acute cytopathological changes seen in animals following an 
intracerebral injection of KA (illustrated in refs 16, 18, 21); this 
animal had frequent KA-type seizures for 2 h ( x 106). c, The adult 
rat hippocampus following injection of 100 nmol PGA into the 
amygdala; the pattern of acute cytopathological changes is iden- 
tical to that described and illustrated elsewhere”! in the hippo- 
campus of KA-treated rats. Note the extreme oedematous changes 
in dendritic and glial structures which form a band of rarified tissue 
in the CA-3 pyramidal layer and the dilated distal CA-3 apical 
dendrites (arrows) and distal dentate granule dendrites 
(arrowheads) ( x 60). 


induced by either agent were relatively mild and the brain 
damage largely confined to the olfactory cortex, although cyto- 
pathological changes were also sometimes detected both at the 
local amygdaloid injection site and in several remote brain 
regions. At 100 and 150 nmol, animals typically manifested 
severe KA-type behavioural symptoms including sustained 
limbic seizures, and their brains exhibited the full pattern of 
cytopathological changes associated with KA treatment (Fig. 
1c). However, the tissue reaction at the amygdala injection site 
was not identical to that induced by KA in that damage to 
neuronal groups adjacent to the injection site was sometimes 
either mild or nonexistent. 

When KA (2-10 nmol) is injected into the rat striatum, it 
destroys many local neurones’> and, in addition, induces 
sustained seizures which are accompanied by the disseminated 
pattern of apparently seizure-mediated brain damage associated 
with KA injection into the amygdala'’**. Intra-striatal injection 
of Glu (500-1,000 nmol) or the potent linear aspartate analogue 
N-methyl aspartate (40-80 nmol) also results in acute destruc- 
tion of striatal neurones, but is not accompanied by either 
seizures or disseminated (distant) brain damage’’***. To dis- 
cover whether folates reproduce both the local and distant 
neurotoxic actions of KA, we injected PGA (50 and 100 nmol) 
into the striatum of halothane-anaesthetized rats; all animals 
‘n=6) manifested a full repertoire of KA-type symptoms, 
including frequent seizures, and all displayed the KA pattern of 
distant brain damage, but none sustained damage at the local 
striatal injection site”. We tentatively conclude, therefore, that 
PGA and FTHF are partial KA-like neurotoxins which faith- 
fully reproduce the distant (seizure-linked) pattern of KA-type 
damage while failing to reproduce the powerful local (direct) 
brain-damaging action of KA. The present finding of folate- 
induced damage to the amygdala can possibly be attributed to a 
seizure mechanism, as amygdala neurones are a vulnerable part 
of the excitatory limbic circuits within which this type of damage 
occurs. Additional studies are needed to clarify whether folates 
are totally without local neurotoxicity or merely display local 
neurotoxic manifestations more weakly than distant ones, and 


whether separate mechanisms underlie the seizure-linked 
neurotoxic properties shared by KA and folates and the direct 
neurone-necrotizing properties shared by KA and Glu linear 
analogues. 

It is believed that all the metabolic functions of folates are 
mediated by reduced tetrahydrofolate (THF) forms of PGA and 
that PGA itself is metabolically inactive. Because PGA was a 
much more active neurotoxin in our experiments than was its 
reduced derivative, MTHF, it seems unlikely that PGA neuro- 
toxic activity is dependent on its conversion in vivo to MTHF. 
To explore the possibility that PGA activity depends on con- 
version to FTHF, we injected dihydrofolate (DHF) into the 
amygdala. As this compound is an intermediary metabolite in 
the PGA -> FTHF pathway, it should convert in vivo to FTHF as 
readily as does PGA and, therefore, should be at least as active 
as PGA. However, we found DHF, like MTHF, to be quite weak 
in reproducing KA-like neurotoxicity'*. Moreover, we injected 
amethopterin, an irreversible blocker of DHF reductase, into 
the amygdala 15 min before PGA injection'*; although 
amethopterin presumably blocks conversion of PGA to any of 
its reduced forms, it did not decrease or prevent the expression 
of KA-like neurotoxicity. Thus, we suspect that the PGA mole- 
cule itself may have KA-like neurotoxic activity, and that FTHF 
independently has such activity. 

A report?" that PGA is not taken up by brain tissue slices is of 
interest here because the enzymatic conversion of PGA to 
reduced derivatives probably occurs intracellularly and cannot 
do so if PGA is not taken up by brain cells. Thus, injection of 
PGA into brain might be expected to result in its extracellular 
accumulation, allowing maximum opportunity for it to interact 
with neuromodulatory folate receptors, if any exist, on the 
external surfaces of central neurones. The efficient intracellular 
transport (and thus inactivation) of DHF and MTHF could 
explain their lower activity. This possibility, and the intriguing 
alternative that PGA and FTHF differ from other folates in 
having subtle structural features in common with KA, should be 
further investigated. 

Others have shown that folates are convulsants**”’, but it has 
not previously been demonstrated that they are also powerful 
brain damaging agents. Since folates are naturally present in the 
central nervous system and the seizure-related pattern of brain 
damage we describe here in folate-treated rats conforms closely 
to that frequently observed in autopsied brains of human 
epileptics’*, a possible role for folates in human epilepsy and 
epileptic brain damage warrants consideration. 

KA, MTHF, PGA and FTHF were obtained from Sigma. This 
work was supported in part by grants from the USPHS, the Wills 
Foundation and Research Career Scientist Award MH-38894 
(to J.W.O.). i 
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Viruses isolated from leukaemic and preleukaemic tissues of the 
AKR mouse differ in their ability to induce thymic lymphomas. 
The Gross passage A virus, which originates from the thymus of 
a leukaemic AKR mouse’, and the MCF viruses, isolated from 
preleukaemic and leukaemic AKR tissues*”, accelerate the 
onset of disease on injection into newborn AKR mice** whereas 
the endogenous ecotropic Akv virus, which is expressed in AKR 
mice from mid-gestation onward, is nonleukaemogenic™**. 
What are the structural features of the genome that account for 
the leukaemogenic activity of these viruses? The observation 
that the gp70 envelope glycoprotein of the leukaemogenic MCF 
virus contain ecotropic and xenotropic regions’ raised the 
possibility that the structure of the gp70 gene was the major 
determinant of leukaemogenic activity”, However, a cloned, in 
vitro passaged, leukaemogenic isolate of the Gross A virus very 
closely resembles that of the nonleukaemogenic Akv virus in the 
gag-pol and gp70 coding regions of the genome’®. Most of the 
differences in structure of the Gross A and Akv viruses are 
located within the 3'-terminal 1,000 nucleotides—this raises the 
possibility that sequences outside the gp70 gene which are 
proximal to the 3’ end of the genome encode determinants of 
leukaemogenic activity. Due to the complex passage history of 
the Gross A virus we sought to isolate further leukaemogenic 
AKR viruses that had not been passaged in other animals to 
determine whether or not they resembled the Gross A virus. 
Here we report the isolation and characterization of new leuk- 
aemogenic viruses from a lymphoid cell line derived from a 
spontaneous AKR tumour. These isolates resemble the Gross A 
virus in the 3’ region of the genome. Our results suggest that this 
region encodes determinants of leukaemogenic potency and 
that major changes in the envelope glycoprotein are not neces- 
sary for the leakaemogenic activity of these viruses. 

The source of virus was the SL3 cell line, established from a 
spontaneous tumour of an AKR mouse’, that produces a low 
titre of an ecotropic, N-tropic, XC” virus*®. To obtain clonal 
isolates of this virus, the cell-free supernatant of the SL3 cell line 
was used to infect a culture of NIH 3T3 cells. Viruses were 
cloned from the supernatant of the infected culture by two 
rounds of end point dilution. For each round of cloning, less than 
one in five wells contained virus at the end point. Two viruses, 
SL3-1 and SL3-2, were obtained in one such experiment; the 
SL3-3 virus was obtained in a separate but similar experiment. 

The biological properties of the cloned and uncloned SL3 
were determined (Table 1}. All viruses obtained from the SL3 
cell line are ecotropic and N-tropic. The SL3-1 and SL3-3 


viruses are positive in the XC fusion test, whereas the 513-2 
virus is not. The ratio of infectious virus to reverse transcriptase 
activity is much higher for virus grown in NIH 373 cells than for 
virus produced by the SL3 cell line. 

The cloned SL3 isolates retain potent leukaemogenic activity 
(see Table 1): injection of these viruses into newborn AKR mice 
results in 100% incidence of thymic lymphoma with an average 
latent period of ~80 days. Mock-inoculated controls do not 
develop disease before 220 days. The pathology of the 
accelerated disease is indistinguishabie from the spontaneous 
AKR or Gross passage A virus-induced thymic lymphoma. The 
cloned SL3-2 and SL3-3 isolates also induce rapid leukaemia in 
C3H,/Bi mice (100% incidence, mean latent period of 100 
days). Normally, these animals have a negligible incidence of 
thymic leukaemia. Our preliminary results indicate that the 
SL3-3 isolate also induces rapid thymic leukaemia in NSF-N 
mice—these animals show a pathology typical of Gross passage 
A-induced disease. 

The structure of the SL3 viral RNAs was analysed using high 
resolution methods for analysis of RNase T,-resistant oli- 
gonucleotides''’*. Fingerprints of 70S RNAs of virus produced 
by the uncloned SL3 virus grown on NIH 373 cells and the 
cloned isolates are shown in Fig. 1, together with schematic 
interpretations. The fingerprint of the virus produced by the SL3 
cell line itself is indistinguishable from that of the uncloned $L3 
virus grown on NIH 3T3 cells. The schematic interpretations are 
based on co-electrophoresis of labelled oligonucleotides with 
those of the Akv virus, and on complete or partial sequence 
analysis of each numbered oligonucleotide. The fingerprints of 
the cloned virus indicate that they are biochemically pure and 
the molar yield of the unique oligonucleotides is close to unity in 
each isolate. The fingerprints of the cloned viruses do not change 
on subsequent cloning or passage of these isolates. The order of 
the unique oligonucleotides along the genome was determined 
(see Table 2). The sequence of the oligonucleotides of the SL3 
viruses that are not present in the fingerprint of the Akv virus 
were also determined (see Table 3). 

The map of Table 2 shows that oligonucleotides 208B and 
36B are located near the 3’ terminus of the SL3 viruses. It is 
striking that identical oligonucleotides are also found in the 
same relative positions in the leukaemogenic Gross A/NIH 
virus’°. The sequence of oligonucleotides 208B and 36B differ 
from sequences in the Akv virus by one or two base changes; 
except for these two oligonucleotides and a few in the gag~pol 
region of the genome, the SL3-1 and SL3-3 viruses are identical 
to the Akv virus within the limits of resolution of the finger- 
printing method, yet the SL3 viruses are potent leukaemogenic 
agents. Evidently, slight changes in the genome structure can 
affect the leukaemogenic activity of AKR viruses. 

The SL3-2 virus differs from those of SL3-1 and SL3-3 cell 
lines in the region that encodes the gp70 protein. Most of this 
region is substituted with a heterclogous sequence. One 
explanation for the isolation of two different viruses from the 
same cell line is that the SL3 cell produces a mixture of two 
viruses that have a large part of the genome that is identical but 
differ in the gp70 gene. The observation that, in the uncloned 
viruses, the oligonucleotides derived from the gp70 region of the 
genome are present in half the molar yield of the other oli- 
gonucleotides in the genome supports this notion (data not 
shown). 

We have also studied viruses preduced by eight other 
lymphoid tumour ceil lines of AKR origin. Four of these 
produce mixtures of virus identical to those produced by the SL3 
cell line and which also have the changes in the gag—pol and env 
regions noted here. Comparison of these viruses will be the 
subject of a separate communication. 

Some of the gp70 oligonucleotides of the SL3-2 virus are 
identical to sequences found in fingerprints of a xenotropic virus 
chemically induced from AKR fibroblasts’? (see Table 3). As is 
the case for MCF viruses isolated from AKR tissues, substitu- 
tion of xenotropic virus-related sequences within gp70 cor- 
relates with the XC” phenotype of the $L3-2 virus. Unlike the 
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Fig. 1 RNase T, fingerprint 
analysis of SL3 viruses. Viral 
70S and 35S RNAs were pre- 
pared from cell-free super- 
natants as described else- 
where`™tt?, The schematic 
interpretations are based on (1) 
analysis of mixtures of labelled 
oligonucleotides of each viral 
RNA with those of the Akv 
virus and; (2) complete or 
| partial sequence analysis of 
each numbered oligonucleotide 
in the fingerprints of each virus. 
a, b, 708 RNA of the uncloned 
SL3 virus propagated on NIH 
3T3 cells. The fingerprints of 
the virus produced by a subline 
of the SL3 cell line, and virus 
produced by two other NIH 
3T3 cultures infected with the 
uncloned SL3 virus were indis- 
tinguishable from this finger- 
print, shown in a. Open circles 
represent oligonucleotides 
common to the Akv and SL3 
viruses. The Akv virus used for 
this comparison was derived 
from the same mouse colony 
that gave rise to the SL3 cell line 
from (from Esther Hays, Uni- 
versity of California, Los 
Angeles). Solid circles 
represent oligonucleotides 
present in the fingerprint of the 
SL3 virus that are not present in 
the fingerprint of the Akv virus, 
Cross-hatched circles represent 
oligonucleotides characteristic 
of the Akv genome that are 
absent altogether from the 
fingerprint of the SL3 virus. The 
numbering of the Akv 
oligonucleotides is as described 
previously’?, The numbering of 
oligonucleotides 208B and 36B 
is the same as that assigned to 
the Gross A oligonucleotides 
which have identical 
sequence'®. c,d, 70S RNA of 
the SL3-1 isolate. Open circles 
represent oligonucleotides 
shared with the Akv virus; solid 
numbered circles represent 
oligonucleotides that are not 
found in the fingerprint of the 
Akv virus. e, f, 358 RNA of the 
SL3-2 isolate; symbols are the 
same as for d. g, h, 70S RNA of 
the SL3-3 isolate; symbols are 
the same as for d. Although not 
indicated in the schematic 
drawings, the same Akv- 
specific oligonucleotides that 
are missing from the finger- 
prints of uncloned SL3 virus are 
also missing from the finger- 
prints of the cloned derivatives. 
The molar yields of each of the 
unique oligonucleotides of each 
fingerprint were determined in 
two independent experiments 
by counting gel fragments cor- 
responding to the position of 
the oligonucleotides. The molar 
yield of each of the unique oli- 
gonucleotides was the same, 
within experimental error, in 
the fingerprints of the cloned 
viruses. For the uncloned SL3 
virus, the molar yield of the 
oligonucleotides in the gp70 
region of genome (see Table 2) 
was haif that of the other oli- 
gonucleotides. 
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AKR-MCF viruses, the gp70 substitution in SL3-2 apparently altered in the SL3 viruses? All the SL3 isolates differ slightly 
does not result in an extended host range. More important, the from the Akv virus in the gag~po/ region of the genome. It is 
gp70 substitution in SL3-2 is not essential for the leukaemo- possible to argue that these differences.correlate with oncogenic 
genic potential of the virus, as the SL3-1 and SL3-3 viruses potential. However, the Gross A/NIH virus also contains 
which lack the substitution are also potent leukaemogenic changes in this region of the genome, but these sequences are 
agents. not the same as those present in the SL3 viruses. Therefore, we 

What functions relevant to leukaemogenic activity may be consider it more likely that the variant 3' region of the genome 





Table 1 Biological properties of the SL3 viruses 








Leukaemogenicity 
U/ml" acceleration Induction 
c.p.m. per end point S+L- XC days post- in 
Virus NIH3T3 BALB/c CCL64 8155 FLF, Cell (RT) titre PFU/mt?) PFU mi"! inoculation C3H,/ Bi 
Akv + - - - ~ 2.3x107! 1x 107 2x 105 ixio* No acceleration No induction 
Gross A/NIH + ~ = - -~ 25x107 2x10 2.5x10° 3x10 102-146 133-220 (ref. 4) 
(ref, 10) 
SL3 + ~ ~ ~ - 2.5x 1073 1 0 0 80-100 NT 
(ref. 6) 
SL3/NIH + - ~ ~ - 33x10% 2x10ê 3x10 60 69-104 NT 
SL3-1 + ~ - ~ - 14x107 1x 10° 3x10? 7x10 123-130 NT 
SL3-2 + ~ ~ - ~- 26x10 1x 10* 2.25 x 105 0 65-105 84-114 
$L3-3 + - - ~ - 2.5x 107! 1x 10° 3.5x 10% 6x 10* 61-82 T3ALT 
AKR-6 ~ ~ + + + 25x107! 1,106 NT NT NT NT 
MCFE.247 + ~ + _ ~ 3.5x107) NT NT NT 90-155 NT 


(refs 3, 21) 


The biological properties of the viruses were determined using standard methods. The viruses used were Akv and Gross A/NIH described elsewhere'°"?; AKER 
MCF-247; a xenotropic virus, AKR-6, derived from tissues of an AKR mouse propagated on dog 8155 cells, and the S13 viruses described in the text. The same 
Preparation of each virus was used for all tests. The ability of the viruses to grow on mouse NIH/3T3 and BALB/c cells, mink CCL64 cells, dog 8155 cells, and cat FLF, cells 
was determined by assay of reverse transcriptase activity in cell-free supernatants. The reverse transcriptase activity produced per cell was determined by dividing the c.p.m. 
incorporated by the virus in 1 ml of culture fluid in a standard reverse transcriptase assay by the number of cells per mi (in the case of suspension cultures) or the number of 
cells per plate per ml of supernatant (for adherent cells). The end point titre (in Infectious Units, IU) was determined in NIH3T3 cells. The § + L~ and XC fusion assays are 
. those described elsewhere?***, PFU, plaque-forming units. The leukaemogenic activity of each virus was determined by inoculation of 0.1 ml of cell-free supernatant 
intraperitoneally into 2-4-day-old AKR and C3H,/Bi mice. Mockinjected littermates served as controls in all cases. Experimentally induced acceleration of disease in 
AKR mice was clearly a separate event from that of spontaneous disease in control littermates. All eight animals injected with the uncloned SL3 virus grown on NIH3T3 
ceils (SL3/NIH) developed leukaemia in 69-104 days with an average onset of 87 days, whereas seven control littermates did not develop disease before 220 days, All five 
animals injected with the SL3-1 virus developed disease at 120-14b.days, average 124 days post-inoculation, whereas three uninoculated littermates did not develop 
disease before 220 days. All five animals injected with the SL3-2 virus developed thymic lymphomas between 82 and 141 days (average 92 days), whereas eight. control 
littermates remained disease-free for >230 days. All eight animals injected with the SL3-3 virus developed disease between 61 and 82 days whereas six control littermates 
remained disease-free at 230 days post-inoculation. Induction of disease in the low spontaneous incidence strain C3H,/Bi demonstrated.an equivalent potency in these 
mice for two of the viral isolates. All eight animals injected with SL3-2 developed thymoma between 84 and 114 days (average 99 days),.and nine animals injected with 
SL3-3 developed disease between 73 and 117 days (mean 100 days post-inoculation). Thymic lymphoma was diagnosed by autopsy of sick animals except in a few rare cases 
in which animals died and were then autopsied. NT, not tested. 


Table 2 Oligonucleotide maps of the SL3 viruses 
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EEI ENET (9p TO) mmm p I5E E E 
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Akv / NIH 

Gross A/ NIH 212 ie 9 sia 

SL3-3 58 238 29 ga s% 

SL3~-1 58: 238 aa s 

SL3-2 58 238 IA BBM 172056 ABAL IO 24 9 4AB AT 558 

Akv / NIH 

Gross A / NIH 201 a4 206 202 2u ae 

SL3-3 3 Ky 

SL3-1 101 m k 

SL3-2 3 ISB [POLITE is) 185 187 Sy 396x394 IONIT 378 ze 














The order of the large T, oligonucleotides of the genome of the SL3-2 virus was determined as described elsewhere”, The map order of the Akv and Gross A/NIH 
viruses are those described elsewhere’°. The map order of the oligonucleotides of the SL3-1 and SL3-3 viruses are inferred by comparison with the maps of the Akv, Gross 
A/NIH and SL3-2 viruses. The upper half represents oligonucleotides, present in Akv, which are missing from these viruses, the lower half represents the positions of 
oligonucleotides which are not present in Akv. For the Aky genome, there are a total of 34 oligonucleotides within the gag-pol region, 16 within gp70, 9 within pi SE, and 6 
within U,. The assignment of oligonucleotides 88 and 46 to the env region of Akv, Gross A, SL3-1, and SL3-3 is further supported by alignment of these sequences with the 
protein sequence of the env gp70 proteins of the Moloney and Rauscher murine leukaemia viruses?*. This alignment is indicated below 


N-terminus gp70 
1 10 
Ala-Ala-Pro-Gly-Ser-Ser-Pro-His-Glu-Val-Tyr-Asn-Ile-Thr-Trp 


GC CCC CAC CAG GUU UUU AAC CUC ACC UG 
x x 


l- 88 -1- 46 -1 


plSE-R and U, is further supported by DNA sequences of the Moloney leukaemia®S and Akv viruses (W. Herr, personal communication and J. Lenz, R. Crowther, A. 
Straceski and W. Haseltine, unpublished data). In addition to those shown, the Gross A/NIH virus possesses oligonucleotides numbered 205, 207, 213 and 215, which, by 
fingerprint analysis, map within the extreme 3’-terminal regions. Their precise locations relative to other oligonucleotides within p1SE and U, are unknown. 
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Tabie 3 Oligonucleotide sequences of AKR-related viruses 











36B A A A A A U A Cc Cc A G 

t G A A A A U A Cc Ç A G : 
208B U A W U C U Ç A A U c A C A 

55B U A U u C U Cc A A U C G 
197 C U C U €C A A Cc c U Ç A c cC 
aA cC C $ U c A A C Cc U C A c c 
378 OU A Cc CG U A U U € Cc A A t C 
9 U A c Ç U A C U c c A A C C 
11 U a U È U Cc C Cc A A A C U C 
‘aie ©) Cc U € u Cc Ç € A A A Q U Cc 

168 A (a A A A A C C A A G 

170 A C Cc U A A U U U Cc C i u U 
176 U U E U U A A A A Cc c C D U 
181 A U c U A Cc Cc A C U Cc A Cc C 
5 G C U € Cc Cc A A Cc A C A A G 
187 U U Cc Cc € A A A A Cc Cc C A U 
331 U U A € C c C C C A Cc C U G 
3799 C Cc U c U A A U € A U A c € 
394 C Cc E € A Cc Cc U U C Cc Cc A A 
395 A A A A A A Cc E A A A U A U 
296 A A A C A Cc U c Cc C A A A G 
398 A A A U A U A U U A A U c G 


ÙU G 

A G 

A G 

A U A c U U c U G 

A U A Cc U U Cc U G 

U c C Ç C C U Cc U U c A A C G 
U Ç c Cc C C U Cc U C C A A c G 
A A G 

A A A G 

A G 

C A G 

U Cc U A A A G 

Cc A A C E U G 

A A A A G 


ane pete ne nttteettetttiten tn nilnenNteaenmennTCttCttmtaitttittieetnenpmtettttitattnttmmettatet 

The complete sequence of the non-Akv oligonucleotides present in the fingerprints of the SL3 viruses was determined as described elsewhere’®~'?, Several of these 
sequences are related by one or two base changes to oligonucleotides present in the fingerprints of the Akv and Gross A/NIH RNAs. Such sequence variations are indicated 
for oligonucleotides 36B, 208B, 197, 104 and 378 of the SL3 viruses which are related to oligonucleotides 7, 55B, 197, 1 and 9 of the Akv virus, respectively. The sequences 
of oligonucleotides 208B and 36B of the SL3 viruses are identical to oligonucleotides of the same number in the Gross A/NIH virus. The sequence of the SL3-specific 
oligonucleotides for which no Akv analogues were found are also listed in the lower half of the table. The sequence of two of the oligonucleotides derived from the gp70 
gene of the SL3-2 virus, numbers 170 and 176, are identical to oligonucleotide sequences present in the fingerprint of xenotropic virus induced from AKR fibroblasts 


(unpublished observations). 


affects the leukaemogenic activity of the viruses, as identical 
changes in this region of the genome are observed in the 
genomes of the leukaemogenic Gross A and SL3 viruses. 
Furthermore, the same variant 3’ region, characterized by oli- 
gonucleotides 208B and 36B, is also present in the RNA of virus 
produced by four other independently isolated lymphoma cell 
lines which were derived from spontaneous tumours of AKR 
mice that produce leukaemogenic viruses (refs 5, 6, 14, and 
unpublished observations). 

Changes in the 3’ region could affect several viral functions. 
Sequence analysis of recombinant DNA fragments of the 
Moloney murine leukaemia virus (Mo-MuLV) provirus reveals 
acontinuous coding sequence that runs from the amino terminus 
of the gp70 protein to the origin of plus strand synthesis at the 5’ 
end of the U’ region’®. The open reading frame extends past the 
end of the p15E gene. An open reading frame in this region of 
the Akv genome is also indicated by the preliminary sequence of 
this region (W. Herr, personal communication, and J. Lenz, 
R. Crowther, A. Straceski and W. Haseltine, unpublished 
observations). Comparison of the sequence of oligonucleotide 
208B with that of the Akv sequence implies that the protein 
coded for by the SL3 virus would differ from that corresponding 
to the Akv protein by a change from an Arg~Leu sequence to 
His~Met sequence near the carboxyl region of the p15E region 
as indicated below. 


Gross A/NIH and SL3 sequence 


Cys He Leau Asn His Met 
5 GT ATT CTC AAT CAC ATG 

Cys lle Leu Asn Arg Leu 
5 GT ATT CTC AAT GAC CTG 


Akv sequence 


Much of the protein sequence coded for by the p15E region of 
the genome would not be affected, because the other oli- 
gonucleotides derived from this region are identical in the Akv, 
SL3 and Gross A/NIH viruses. A possible explanation for the 
leukaemogenic activity of these viruses is that the 3'-terminal 
region of the virus encodes a protein that is active in the 
transformation process and that this protein has different struc- 
tures in the leukaemogenic and nonleukaemogenic viruses. 

Oligonucleotide 36B may also serve as a marker for leuk- 
aemogenic activity. This oligonucleotide is located in the U, 
portion of the genome and is related to an oligonucleotide in the 
Akv virus by a single base change. The U; region of the virus 





codes for functions that are important for the replication cycle, 
including initiation of the plus strand of DNA synthesis, initia- 
tion of RNA transcription, processing of RNA transcription and 
possibly integration™®“™®, Changes in the structure of the region 
of the genome that controls this process could alter the phy- 
siological effects of virus infection on cell growth and regulation. 
Recent studies of the recombinants between the avian retro- 
viruses RAV-0 and RAV-2 also suggest that leukaemogenic 
activity might be associated with structural determinants at the 
extreme 3’ terminus of the viral genome’?”°. 
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America. W. H. is a recipient of an American Cancer Society 
Faculty Research Award. This work was supported by NCI 
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The excision of pyrimidine dimers from DNA is one of the major 
mechanisms of repair involving an initial endonucleolytic step 
followed by excision, resynthesis and ligation’. The enzymatic 
mechanism for endonucleolytic cleavage of UV light-damaged 
DNA by the Micrococcus luteus? and Escherichia coli 
bacteriophage T4 (ref. 3) dimer-specific endonucleases involves 
two steps: cleavage of the N-glycosylic bond of the 5'-pyrimidine 
moiety of the pyrimidine dimer, followed by cleavage of the 
phosphodiester bond 3' to the apyrimidinic site produced by the 
first step. Although E. coli requires functional uvrA, uvrB and 
uvrC genes to repair UV light-damaged DNA“, and enzymatic 
cleavage of damaged DNA requires the concerted action of at 
least three proteins**, the mechanism of catalysis by which the 
uvor-endonucleolytic system cleaves UV light-damaged DNA is 
unclear. We have constructed hybrid multicopy plasmids 
containing the uvr genes of E. coli? to study the expression of 
amplified uvr genes. We have physically mapped uvrC on 
plasmid pGHY4211 (previously referred to as pG'Y4211 (ref. 
9)) by interruption with the yô sequence of F* as described by 
Guyer”, and determined the minimum size for the uvrC gene to 
be 1.45 kilobase pairs. SDS-gel electrophoresis of radioiso- 
topically labelled plasmid proteins indicates that the uorC * gene 
product is a polypeptide of molecular weight (MW) 68,000. We 
estimate that wild-type E. coli may have as few as 10 copies of 
uvrC polypeptide per cell. 

We have previously described a set of plasmids, consisting of 
pBR322 and a 3.4-kilobase pair Psil fragment of E. coli K12 
DNA, which complements the uvrC34 mutation in either 
orientation relative to pBR322 (pGHY4211, pGHY3233)’. To 
study the role of uvrC in the uvr repair system of E. coli we have 
physically mapped the uvrC gene, and identified the uorC 
protein by SDS-gel electrophoresis of plasmid proteins labelled 
by the maxi-cell'’ method. 

Inactivation mapping of cloned genes has proved useful in 
determining the physical size, direction of transcription and 
identification of gene products'*"'*. The yé6-insertion sequence 
of F* was used to identify the uvrA and uvrB gene products in a 
similar manner’®’’, This insertion sequence integrates into 
DNA by a recA-independent mechanism”, and DNA sequenc- 
ing indicates that termination signals occur in five of the six 
possible reading frames near the ends of the yô sequence (M. 
Guyer, personal communication). Thus, insertion of the yd 
sequence into a structural gene terminates translation in almost 
all cases. The F” recA56 streptomycin-sensitive (Str°) strain 
(MG1063) used here to isolate yô insertions in plasmid 
pGHY4211 was provided by M. Guyer’®, and was trans- 
formed’? with pGHY4211. Transconjugants of pGHY4211 
containing yé insertions were isolated by mating tetracycline- 
resistant (Tet) MG1063 carrying pGHY4211 with an F` 
recAS6 uvrC34 rpsL strain (SR57, Kendric Smith). To select 
recipient cells carrying pGHY4211 with yé insertions, cultures 
were plated on Luria agar containing 10 pg mi™' tetracycline 
and 50 pg ml” streptomycin, and colonies were tested for Tet’ 
and Str’ (ref. 10). About 200 Tet’ Str’ colonies were tested for 
UV light sensitivity as described elsewhere”. Several colonies 
carrying plasmids unable to complement the uvrC34 mutation 
of SR57 (recA 56 uvrC34) were selected for further study, and 
small amounts of plasmid DNA isolated by a rapid isolation 
procedure’®. The recAS6 uvrC34 double mutant (SR57) was 
transformed with the plasmid DNAs isolated above, screened 
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for Tet’, Str’ and UV light sensitivity, then stored at ~20 °C in 
glycerol cultures for later use in protein labelling experiments. 

The site of integration was determined for 10 yé insertions in 
pGHY4211 which inactivate the uerC” function of this plasmid, 
by measuring the size of restriction fragments after digestion 
with EcoRI or BamHI. pGHY4211 contains only one EcoRI 
and one BamHI site in the pBR322 portion”? of this 7.76- 
kilobase pair plasmid’. Therefore, the EcoRI site located at 0.9 
kilobase pair from the y end and the BamHI site at 0.4 kilobase 
pair from the ô end of the insertion sequence’ allow an 
unequivocal location of the site of yé insertion and its relative 
orientation, by determining the size of the EcoRI and BamHI 
restriction fragments on agarose gels. Mapping data yielded the 
locations of y insertions (shown in Fig. 1), indicating that the 
minimum size for the uvrC gene transcription unit is 1,45 
kilobase pairs. This is enough genetic information to encode an 
average polypeptide of MW 56,000. E 

SDS-polyacrylamide gel electrophoresis! of *S-Met- 
labelled proteins encoded by yé-inactivated pGHY4211 plas- 
mids, reveals that a 68,000-MW polypeptide is missing in each 
case (Fig. 26). This '68,000-MW polypeptide is present among 
the plasmid-encoded products of pGHY4211 and pGHY3233 
(Fig. 2a, b) which contain the uorC* 3.4-kilobase pair Psi 
fragment in both orientations relative to pBR322. As the uorC 
gene transcription unit in pGHY4211 maps between 0.85 and 
2.3 kilobase pairs (Fig. 1), and a 68,000-MW polypeptide is 
missing from the plasmid-encoded products of each yë- 
inactivated plasmid, these data indicate that the 68,000-MW 
polypeptide is encoded by uvrC. However, these data do not 
preclude the possible disappearance of a low-molecular weight 
polypeptide, fortuitously similar to a low-molecular weight 
polypeptide among yé plasmid-encoded background bands in 
Fig. 2. Although identification of the uurC gene product must 
also be established by conventional protein purification 
methods, the 68,000 molecular weight observed here is in the 
same range suggested for uvrC from complementation activity 
in E. coli extracts’. 

Additional evidence that the 68,000-MW polypeptide is 
encoded by the uvrC gene was obtained by in vitro mutagenesis 
of pGHY3233. Mutations in the worC™ gene of pGY3233 were 
isolated by irradiation of plasmid DNA with various doses of 
UV light and transformation’® of irradiated plasmid DNA into 
rec uvrC34 AB1884 (ref. 4), About 800 Ter transformants 
were tested for Tet’ and UV light sensitivity as previously 
described’. From these, two colonies were found which carried 
Tet’ plasmids that were unable to complement the uorC34 
mutation. After isolation of a small amcunt of plasmid DNA, 
SR57 recA56 uvrC34 was transformed with pGHY7077 and 
pGHY7064 and cultures tested for Tet’ and UV light sensitivity 
and placed in storage as described above. pGHY7077 and 





Fig. 1 yé insertion map of the uwr gene ia plasmid pOH YAZILI 
including the minimum physical size of the uerC pene transcription 
unit, and the most probable direction of transcription. The site of. 
76 integration in pGHY4211 was determined by restriction map- 
ping as described in the text. The most distant sites of integration 
which inactivate the uerC* function of pOHY4211 are at 0.85 
kilobase pair (9607) and 2.3 kilobase pair (9670), indicating a 
minimum size of 1.45 kilobase pair for wer. 
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pGHY7064 plasmid DNAs were digested with PstI and HindIII 
and compared with pGHY3233 by agarose gel electrophoresis 
(data not shown). Both pGHY7077 and pGHY7064 contain the 
3.4-kilobase pair PstI fragment in the same orientation as their 
uvrC* counterpart, pGHY3233 (ref. 9). Radioisotopic labelling 
of plasmid-encoded proteins from uvrC” pGHY7077 and 
pGHY7064 derived by in vitro UV light mutagenesis lack a 
68,000-MW polypeptide (Fig. 2b). This confirms the conclusion 
drawn from the yé-inactivation experiment that the 68,000- 
MW polypeptide is encoded by the uvrC gene. 

The most probable orientation of uvrC transcription was 
deduced from the polypeptide products and map position of 
y6-9613—this maps at 1.275 kilobase pairs (Fig. 1), and 
produces a unique polypeptide of MW 35,000 (Fig. 2b, lane 3). 
The appearance of this polypeptide among the *°S-Met-labelled 
products of a plasmid that is unable to produce the 68,000-MW 
polypeptide and inactivated for uvrC complementation, 
suggests that the 35,000-MW polypeptide is a partial product of 
uvrC. Because the i-kilobase pair distance between 9613 and 
9670 is adequate to encode an average polypeptide of MW ~ 
38,300, and the 420 base pairs from 9613 to 9607 could only 
encode ~ 16,200 MW, the position of 9613 and the 35,000-MW 
polypeptide are most consistent with a starting point for the 
uvrC gene close to 9670, with transcription proceeding towards 
9607 (Fig. 1). In addition, we found that y6-9692 produces a 
similar truncated polypeptide (data not shown) to that produced 
by y6-9613, supporting the orientation of transcription deduced 
from the distribution of yé inserts which inactivate the uerC 
gene and the 35,000-MW truncated product from y8-9613. 

To estimate the approximate number of uvrC polypeptide 
chains synthesized in wild-type E. coli, we compared the densi- 
tometric intensity of the uurC and ssb bands from the labelled 
protein products of a uvrC” ssb* uvrA* composite plasmid 
(pGHY4610)’. After labelling maxi-cell extracts of pGHY4610 
(uvrA* ssb* uvrC*)’ with *C-amino acid mixtures consisting of 
20 amino acids present in similar specific activity, the labelled 
products were visualized by SDS-polyacrylamide gel electro- 
phoresis and fluorography as described above. Autoradio- 
graphic films were exposed for various lengths of time and 
densitometric scans made. A comparison of the ssh” band, 
present in 1,200 polypeptide chains per E. coli cel”, with the 
uvrC” band, indicates that uorC may be present in as few as 10 
copies per cell (Fig. 3). 

The uvrC” protein of E. celi is identified as a 68,000-MW 
protein on SDS-polyacrylamide gels, This protein is required for 





Fig. 2 The *°S-Met-labelled protein 
products of various plasmids were visu- 
alized by fluorography of maxi-cell extracts 
resolved on 10-20% polyacrylamide 
gradient2% SDSgelsbyelectrophoresis, as 
described in the text. The first lane in a 
contains C-labelled protein standards 
obtained from Bethesda Research 
Laboratories. Lane 2 contains *°S-Met- 
proteins from uorC” pGHY3233 (ref. 9); 
lane 3, **S-Met-labelled proteins from 
pGHY4211. b, Fluorography of a similar 
polyacrylamide gel used to resolve the 
**§-Met-labelled proteins encoded by the 
plasmid indicated for each lane. The 
electrophoretic mobility of protein “C- 
labelled standards is indicated in the 
margin. Lane 1, y5-9607 lane 2, 78-9866, 
3, y8-9613; 4, y6-9614; 5, 75-9625; 6, 
86-9670; 7, pGHY4211 (uerC*): 8, 
pGHY7064  (uerC™ — mutation); 9, 
pGHY7077 (uvrC” mutation); 10, y8- 
9691, 11, 76-9696, The appearance of a 
number of bands in lane 6 (-y8-9670) could 
have resulted from an increase in back- 
ground due to a low level of contamination 
for this extract. 


ATP-dependent incision of DNA containing pyrimidine 
dimers’ and psoralen cross-links’, as well as incision due to the 
presence of several other types of DNA damage in E. coli. 
Seeberg”? reported that uvrB*/C*-complementation activity 
can be detected from Sephadex gel columns corresponding to 
~70,000 MW—this agrees well with our observation that worl 
encodes a 68,000-MW protein on SDS gels. Previous attempts 





Fig. 3 Densitometric comparison of ‘*C-labelled uurC and ssb 
protein bands after SDS-polyacrylamide gel electrophoresis of 
extracts from uerC” ssb* uvrA* pGHY4610 (ref. 9), The tracing 
shown in a includes the entire gel; the film was exposed for 8 days. 
The uorC protein band is indicated by 1, and ssb by 2. As the ssb 
band is overexposed on this film (a), a second film was exposed to 
this gel for 1.6 days; the result is shown in b. The uvrC peak (1) in a 
was compared with the ssb peak (2) in b for this estimate. This 
comparison was based on the area of each peak, the relative size of 
uurC and ssb polypeptides, and the relative time of exposure for 
each film. As ssb is present in 1,200 copies per cell** and its 
molecular weight is 18,500 (ref. 22), these data provide an estimate 
of ~10 uvrC polypeptide chains per log-phase Æ. coli cell, assum- 
ing that there is a similar ratio of expression in vivo and in 
maxi-cells for xerC and ssb. 
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to determine the mechanism of dimer-specific endonucleases in 
E. coli have been hampered by the twofold problem of 
identification of the elements of a 3-gene system (that is, uvrA, 
uvrB and uvrC) and the presence of very low amounts of UV 
dimer-specific activity. Our identification of the uvrC protein as 
a product from a multicopy plasmid provides a means to purify 
uvrC protein in sufficient quantities to allow its characterization 
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Bacteriophage À requires two viral gene products for lysogenic 
development-repressor (cl) and integrase (int). Although the 
genes for these two proteins are located in distinct operons, 
separated by 9,000 base pairs (bp) of the phage genome, their 
expression is coordinated by the positive regulation of tran- 
scription mediated by another phage-encoded protein, cll (see 
ref. 1 for review). We have already identified the promoter 
signal for the establishment of repressor synthesis (Pg) and 
demonstrated that cll protein is required for the initiation of 
transcription at this site’. Here we determine the precise in vivo 
start site for int mRNA and demonstrate that transcription from 
this site is also cll-dependent. This start site defines the int 
promoter P,. Atypically, transcription from P, initiates with 
UTP. Comparison of the nucleotide sequences of the P, and Pe 
promoters reveals a striking homology in identical positions 
between 26 and 39 bp upstream of their respective start sites. 


Our objective was to describe the mechanism of transcription 
in the xis~int region of phage A and to study the effect thereon of 
cll expression (see ref. 2). A 417-bp A DNA fragment, extend- 
ing from 280 bp upstream of the xis coding sequence to include 
150 bp of the xis gene as far as the structural int gene", was 
purified and inserted into the plasmid »BR322 (Fig. 1). The 
DNA of the recombinant plasmid (pUS3) was used to purify 
RNA made from this region during phage infection by a single- 
step hybridization procedure (see Fig. 2 legend and ref. 2). RNA 
was labelled by exposing cells to *’P-orthophosphate between 
10 and 11.5 min after infection—an interval chosen to minimize 
degradation of the mRNA. This specific RNA (Fig, 2) was 
characterized by T1 ribonuclease digestion and separation of the 
resulting oligonucleotides by a two-dimensional fingerprinting 
technique’. The T1 fingerprints were prepared from RNA iso- 
lated from cells infected with either Ac II” (Fig. 2a) or Ac II (Fig. 
2b). The major (numbered) oligonucleotides were further 
digested with pancreatic ribonuclease and the products 
separated by one-dimensional electrophoresis on DEAE paper 
at pH 3.5 (ref. 6). The results of these analyses allowed us to 
determine the composition of each T1 oligonucleotide and to 
position it unambiguously within the known DNA sequence?™* 
of the 417-bp fragment (Fig. 3). 

RNA from AcIT” infection yielded equimolar amounts of 
oligonucleotides spanning the entire fragment (Fig. 3, oli- 
gonucleotides 1-9 and 11-17), indicating uniform transcription 
throughout the region; transcription probably originates at the 
upstream promoter P, (Fig. 1). In contrast, for RNA from Ac I” 
infection, the intensity of oligonucleotides 11-17 was increased 
some eightfold, whereas the intensity of oligonucleotides 1-9 
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Fig.1 Partial genetic map of phage COLON ON ION ON cel eel a P 
A. Indicated are the two cII-depen- ro.” Pm oo 2 
dent promoters Pg (responsible for att int cA cl ero y cl o 
the establishment of repressor 5 
synthesis) and P, (responsible for the OoP 
production of integrase). Other A poen ROR Ni alin 
promoters (Pi, Pr, Po, Pu)? are Hincll Tact 


also shown, as is the direction of `~ 
transcription from these sites (wavy 
arrows). The 417-bp DNA restric- 
tion fragment shown below the map 
was inserted into the plasmid 
pBR322 by blunt-end ligation. The 
resultant plasmid (pUS3) was used in 
the hybridization experiments as 
described in the text. 
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Fig. 2 Two-dimensional fingerprints of ribonuclease TI oligo- 
nucleotides derived from RNA transcribed in vivo from the xis~int 
region of phage A. Fingerprints were prepared from RNA isolated 
after infection of Escherichia coli K12 SASOO (his, rpsL) with 
àcliacIlzsc I6: (a) or Acla (6)''. Total RNA was extracted as 
described by Court et al.” and hybridized to plasmid pUS3 DNA 
bound to filters. Hybridizations were carried out at 67 °C for 6 has 
described elsewhere’, RNA purified by this single-step hybridiza- 
tion procedure was digested with ribonuclease T1 and the products 
separated by standard fingerprinting techniques. Horizontal 
dimension, electrophoresis on Cellogel strips at pH 3.5. Vertical 
dimension, homochromatography on thin-layer plates of DEAE- 
cellulose using Homomix C. The numbered oligonucleotides in 
each fingerprint were further analysed by digestion with pancreatic 
ribonuclease®, The results of these analyses are summarized in Fig, 
3. In addition, oligonucleotide no. 10 was treated with nuclease P, 





and the resulting mononucleoside-5' phosphates fractionated by two-dimensional chromatography’. The results (not shown) indicate that this 
oligonucleotide contains the triphosphate, identified as pppU. Oligonucleotides 1 to 5 are not shown in Fig. 3; these correlate with the DNA 
sequence 5’ to that shown in Fig. 3 (that is, beyond residue 1,434). Their sequences are: 1, AU,AU,AUCUG; 2, AUUA3UG; 3, CACUUCCG; 
4, CCAUUCAACAG; 5, AACAUCAACG. Oligonucleotide no. 18 has the sequence ACUUA;3UCG and derives from the region immediately 
3’ to the DNA fragment used for hybridization. The presence of this oligonucleotide probably results from the mild ribonuclease trimming 
conditions used to preserve the 5' end of the cll-dependent transcript during the isolation of the RNA~DNA hybrids. 


Fig. 3 Nucleotide se- 


quence of the P; pro- 1400 1360 
moter region**, Only the i . : . . T es . a 

coding strand of the DNA S GTAACCAATATTCGAAT I GAAGAAC TGAAAGAACACCAAGCCGCCTGATGGCGGTTITTTCTIGCGTGTAATTGCGGAGA 
is shown. The orientation aera | (oe 

of the sequence is inverted 6 7 8 


relative to the position 
of A genes indicated in 
Fig. 1. The numbering 


xis: : F-Met TyrLeu 


1300 


CTTTGCGATGTACTITGACACT TCAGGAG TGGAACGCACGCCAGCGACGTCCAAGAAGCCT TGAAACAGTICGTCGATGGG 


of the nucleotide positions 9 l | l j 

starts in the centre of pppU | 10 11 12 

the A attachment site’. 

Numbered brackets 1250 1200 
designate the cor- . . . . ` . . . 
responding oligonucleo- TTCGGGAATGCAGGATATTCCCACCTCCGGTTAAGGATGGAAGAGAGTATCTGTTCCACGAATCAGCGGTAAAGGTT 
tides in the RNA finger- EN A EE kofana Med 

prints of Fig. 2. The 5’ end 13 14 15 16 17 

of the RNA is indicated by Hincll 
pppU, and the ~—10 


region of the promoter is boxed. Note that the transcriptional start point of the int mRNA lies within the xis coding region. This is consistent with 
the finding that the expression of xis is not controlled by cH (ref. 13). The arrows define a region of dyad symmetry, which is followed by the 
sequence T,C. Such a structure is common to sites signalling termination of transcription'*. However, the relative molar yields of oligonucleo- 
tides 7, 8 and 9 indicate that the transcription does not terminate at this site during our analyses. 


Fig. 4 Comparison of the nucleo- 
tide sequence of the P; and Pe 
promoters, Only the coding strands 
of the DNA are shown. The 


25 bp 
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sequences are aligned with respect to Pi 5 trejrrecgTlg 
the cI-dependent transcriptional 


Start sites used in vivo. The nucleo- 













AAITTGCIGGAGACTYTGCGATGTACTTGACACTTCAGGA 3 


-10 a4 
‘ 
| 


GTITTGCIACGAACCATATGTAAGTATTTCCTTAGATAAC 3 





tides in the ~10 region of both pi s re git race rir 
promoters and in the ~35 region of E i i i | pppA(G) ~~ 
the P, promoter, which show some AT č Gk d aa ; 
homology with the conserved za 3 as = a z z 
sequences found in other promoters 28 38 £8 $ 5 8 3 
for E. coli RNA polymerase’*. are me 8 $ F es = 
underlined. The boxed regions 
cyr cyl 


indicate 11 of 14 bp which are iden- 
tical in both promoters. The various 


cyr and cyl mutations” which eliminate Pg promoter function are indicated, as in the can1 mutation’ which alters the second codon of the cH 
structural gene but has no effect on Pe promoter function. Also shown is the infC mutation’? which occurs in the ~10 region of the P; promoter 


and results in cll-independent, constitutive expression of gene int. 


was similar to that from AcII” infection. In addition, a new 
oligonucleotide (no. 10, Figs 2, 3) was identified as the 
pentamer pppUUCAG. These results indicate that in the 
presence of cll, a new transcript starts at a site located 183 bp 
before the translation initiation codon of int and 13 bp down- 
stream of the AUG initiation codon of xis (at position 1,334 in 
Fig. 3 as numbered from the centre of the core of the att site). 
This cll-dependent RNA accounts for over 80% of the int gene 
transcripts made during the pulse-labelling interval. 





Identification of the 5’ end of this RNA defines the cIl-activated 
P, promoter. 

Note that the P, transcript initiates with UTP. This is the first 
in vivo demonstration of the use of UTP by RNA polymerase to 
initiate transcription. Recently, it has been shown’ that purified 
cll protein causes RNA polymerase to initiate transcription in 
vitro at the same UTP start. This demonstrates that the positive 
activation observed at P, in vitro accurately represents the in 
vive situation. 
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Hoess et al.* and Abraham et al.° have determined the base 
change associated with the mutation intC (Fig. 4) that allows 
cll-independent, constitutive expression of int. More recent 
work® indicates that the intC mutation also allows RNA poly- 
merase to initiate transcription in vitro from the same UTP start 


“as demonstrated here. Our finding confirms the earliest sugges- 


tion that intC is a promoter-up mutation affecting the —10 
region of the P; signal***. 

We have compared the nucleotide sequences of P and P, by 
aligning them with respect to their in vivo start sites. Homology 
in 11 of 14 bp is observed at identical positions in the — 35 region 
of both promoters. This finding further supports the proposal”*” 
that this region of the promoter is involved in the positive 
activation mechanism, perhaps as a site of interaction with 
protein cH. 

We thank J. Abraham and H. Echols for communicating 
results. before publication, R. Steinberg for photographic work 
and P, Donoghue for typing the manuscript. 
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Bacteriophage Mu, a highly efficient transposon during its lytic 


` eycle in Escherichia coli, is always associated with the host 


DNA’. In mature Mu particles, both ends of Mu are hetero- 
geneous in length and sequence owing to the presence of host 
DNA**, The right end contains host sequences which vary 
between 500 and 3,200 base pairs (bp), while the left end 
heterogeneity was proposed’ to correspond to ~ 50-100 bp. To 
understand the mechanism by which a small amount of host 
DNA at the left end is packaged along with Mu DNA, we have 
now determined the precise lengths of these host sequences. The 
minimum size of the host sequences attached to the left end of 
the mature bacteriophage Mu DNA is 56 bp; host sequences 
longer than 144 bp are rare. The host sequences do not show a 
continuum from 56 to 144 bp but are rather packaged in discrete 


+ blocks. The first such block is 56-61 bp, the second is 67-72 bp 
» and so on. Thus, each block represents fragments covering a 
z §~6-bp range, with a space of 5 bp between each block. It seems 


that Mu DNA is being measured in units of helical turns for 
packaging. 
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Fig. 1 The experimental design. A single line represents double- 

stranded Mu DNA. Wavy lines represent host DNA (not drawn to 

scale). Solid circles represent PO, groups at the 'S’ ends of the 
DNA strands. 


The ends of Mu DNA were labelled with “P using [y- 
P]ATP and polynucleotide kinase. Mu DNA was then diges- 
ted with HindIII, which makes two cuts in the DNA, giving rise 
to three fragments. The 1,000-bp fragment containing the left 
end of Mu was isolated and cut with Hinf, which makes four cuts 
in the fragment, one of which is 7 bp from the left end of Mu. The 
digest was then run on a sequencing gel to size the molecules. 
The experimental design is shown in Fig. 1. 

Figure 2 shows the results of the experiment. The smallest 
fragment obtained is 63 bp. As Hint cuts 7 bp away from the Mu 
end, the minimum size of the host sequences at the left end must 
be 56 bp. As the largest fragments are in the range of 150 bp, the 
maximum size of the host sequences is ~ 144 bp. However, 
smaller fragments are much more frequent, and only a small 
minority of the fragments are larger than 100 bp, while frag- 
ments larger than 150 bp are extremely rare. The most striking 
feature of the size of the host sequences is that they are not 
present as a continuum from 56 to 144 bp, but rather appear in 
discrete blocks. Moreover, there is a regular pattern in which 
these blocks appear: the first block is from 63 to 68 bp: a gap of 
5 bp is then seen, after which there is another block from 74 to 
79. There are 10 such blocks, each one separated from the next 
by a 5-bp space, and each containing fragments covering a 6-bp 
range. This means that DNA cutting begins with a regular 
spacing of 5 bp but cutting can cover any of the next 5-6 bp. 
Analysis of the end nucleotides, by labelling of the end and 
analysis of the 5’ nucleotide, showed that all four bases are 
present in equal amounts at both the left and right ends. 

Two general modes of packaging of DNA into viruses have 
been recognized’. One is site-specific packaging with some size 
constraints, such as the recognition of the ter sites of A for 
packaging, and the other is the headful packaging, in which the 
size of DNA seems to have the predominant role. Packaging by a 
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headful mechanism was first proposed by Streisinger et ai,'° for 
phage T4, and has been shown to be a common mode of DNA 
packaging*'"'*, However, the molecular mechanism of headful 
packaging is unclear. In context with Mu packaging, A.I.B. ef 
al.’ discussed two alternative ways in which a small amount of 
host DNA can be packaged at the left end. In one mechanism, a 
specific site at the left end is recognized by a DNA cutting 
protein, the DNA is then cut to the left of the site randomly, and 
the cleaved DNA condensed into the heads being assembled. In 





Fig.2 Determination of the lengths of the left-end host sequences 
by electrophoresis in sequencing gels. Bacteriophage Mu particles 
were purified by a caesium chloride density gradient centri- 
fugation. The DNA was extracted with phenol. To label the ends, 
the 5’ phosphates were first removed by treating the DNA with 
alkaline phosphatase". The ends were labelled using [y-" P]ATP 
(> 2,000 Ci mmol”) and polynucleotide kinase. The DNA was 
then cut with Hindlll and the digest run on a 6% 1:40 acrylamide 
gel. The 1,000-bp left-end fragment was isolated’ and cut with 
Hint. The digest (left end) was run on 8% polyacrylamide gels 
containing 7 M urea, together with DNA samples that were being 
sequenced; a and b are autoradiograms of 8% sequencing gels run 
for different times. The xylene cyanol dye marker was three- 
quarters of the way down (a) or off (6) the gel. Portions of 
double-stranded DNA, labelled with P at one 5’ end, were 
partially cleaved at guanines (G), guanines and adenines (G+ A), 
eytosines and thymines (C+ T), cytosines (C), and cytosines and 
adenines (C+ A), respectively, using the method of Maxam and 
Gilbert'*. The numbers indicate the size of the fragments as seen 
on the sequencing gels. 


the second mechanism, a packaging protein recognizes a specific 
sequence at the left end, the DNA is then folded and perhaps 
pushed into the heads being assembled, after which the DNA is 
cut at the left and right end. 

It has been observed that the phage tail is attached at the right 
end of Mu'*'*; presumably, the right end is the last to be 
packaged, and the first to be ejected, suggesting that the left and 
right ends are being cut in different time and space. However, 
the minimum size of the host DNA at the left end is ~ 56 bp. It is 
difficult to reconcile this observation with the first mechanism in 
which the first event is cutting of the left end by an enzyme 
behaving like a type I restriction enzyme. The enzyme would 
have to recognize a site on the left end but start cutting only after 
56 bp. As a working hypothesis, we favour the idea that the 
DNA is rolled or packaged first, in such a way that the first 56 
host base pairs at the left end are not available for cutting. This 
could either mean that the left end is condensed first, and cut, 
after which the rest of the DNA is packaged in, or that the whole 
genome is packaged, and then the left and right end cuts are 
made. 

How can we explain the regular spacing of the cuts? Note that 
the distance from the beginning of one block of 6 bp to the 
beginning of the second block is ~ 11 bp, which is about one 
turn of the double helix. It seems that the DNA is being 
measured for packaging, in units of helical turns. This 
measurement could be brought about by proteins that bind at 
each turn of the helix. The proteins perhaps cover one half of the 
turn so that only the other half is available for cleavage. 

This work was supported by grants from the NIH (GM23566) 
and NSF (PCM7826710). 
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Errata 


In the article ‘IgG antibodies to phosphorylcholine exhibit more 
diversity than their IgM counterparts’ by P. J. Gearhart et al., 
Nature 291, 29-34 (1981), Figures 1 and 2 were transposed. 

In the letter ‘Somatic and behavioural postnatal effects of fetal - 
injections of nerve growth factor antibodies in the rat’ by L. 
Aloe etal., Nature 291,413 (1981), the received date was given 
as 7 November 1980. The paper was originally submitted on 7 
November 1979; the date of receipt of the revised manuscript 
was 17 November 1980. 

The cover caption for issue no. 5813 (28 May-4 June) of 
Nature was incorrect. The correct version from the authors is 
‘Homozygous (pigmented and unpigmented) progeny from 
heat-shocked eggs of heterozygous mothers’. 
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Sensory cues invalidate remote 
viewing experiments 


TART, Puthoff and Targ’ have recently 
responded to our critical analysis”* of 
their evidence in favour of extrasensory 
remote viewing ability by reporting a re- 
judging of the original transcripts with all 
sensory cues removed. This yielded a high 
correlation between Price’s descriptions 
and the target information. Furthermore, 
Tart etal. claim that the Marks~-Kammann 
cueing explanation of remote viewing 
does not apply in principle to any of the 
replication experiments carried out after 
the series with Price. 

The validity of the re-judging exercise 
for the Price series can be disputed on two 
counts. First, it should be noted that the 
editing of transcripts was carried out by 
one of the investigators (Tart). As Tart 
was himself aware of the correct target- 
transcript pairings, this could have led to 
biasing. Second, it is not permissible to 
include material for re-judging which has 
already been published or which may be 
available in some other form. A so-called 
‘blind’ judge may have some memory of 
previously seen target-transcript match- 
ings or have access to the published 
material. Only five of the series of nine 
targets and transcripts for which there is 
‘no normal or available method of match- 
ing except perceived similarity, could 
validly be used in re-judging. The 
remaining four transcripts should have 
been excluded, as in the unsuccessful re- 
judging exercise reported by us’. 

A much more serious problem with the 
response of Tart et al.' to our report 
is their claim that sensory cues were 
not present in later experiments. 
Unfortunately, I have been unable to 
obtain a complete set of transcripts from 
SRI investigators despite frequent 
requests. However, in June 1977, Dr 
Arthur Hastings, who was a consultant to 
the SRI investigations responsible for 
judging experimental transcripts, allowed 
me to see six transcripts from the series 
with the subject H. Hammid, and I was far 
from satisfied with them as they contained 
sensory cues. A listing of targets in Has- 
tings’ possession correlating 0.83 (P< 
0.01) with the order of target usage, 

_together with transcript cues, would have 
provided an artefactual basis for correct 
target-transcript matchings. 

Although Tart et al.’ conclude that SRI 
replication studies confirm the remote 
viewing hypothesis, serious methodolo- 
gical flaws throughout the experiments 
prohibit any such conclusion. The Targ- 
Puthoff researches conform to a long 
history in parapsychology of methodolo- 
gical flaws and mistaken conclusions. 
Unless proper controls and methods are 
used by impartial observers, the search for 


scientific proof of paranormal and spiri- 
tual beliefs remains a futile enterprise. 


DAVID MARKS 
Department of Psychology, 
University of Otago, 
Dunedin, New Zealand 
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Micrograzers may 
affect macroalgal density 


THE EFFECT of density on plant growth 
and mortality has been recently discussed 
by Schiel and Choat'. Studying two 
species of large brown seaweed, Ecklonia 
radiata and Sargassum sinclairii, they 
found that high density had a positive 
effect, in contrast to data for terrestrial 
plants. They concluded that density affects 
marine and terrestrial plants differently, 
and suggested that these differences were 
due to protection from wave shock and the 
difference in plant-arthropod associations 
between terrestrial and marine environ- 
ments. Uninjured brown algal thalli 
contained up to 1,700 copepods, 
amphipods and isopods. 

Terrestrial plant density has a limiting 
effect on nutrient and water supplies to the 
individual plant that would not be expec- 
ted for algal density, but we believe that 
the data for Sargassum and Ecklonia 
communities’ are exceptional and subject 
to reinterpretation. Specifically, con- 
clusions on the general effect of density on 
marine plants should await data from 
algae typical of less exposed communities. 

Our work on amphipod grazing in the 
field and in the Smithsonian Institution’s 
coral reef microcosm demonstrates that 
coarser algae (for example, Hypnea) are 
protected from amphipod grazing by their 
size, but most filamentous species are 
heavily grazed’. By eliminating epiphytes 
on coarser algae, amphipods increase 
growth rates of macroalgae such as 
Hypnea by as much as 300%. In subtidal 
areas, amphipod densities are kept low by 
fish predation’, but in situations where 
this is reduced by factors such as turbu- 
lence, micrograzer herbivory may be 
particularly important. Such high energy 
areas are characteristic habitats for brown 
algal macrophytes. Up to a point, densely 
growing Ecklonia and Sargassum plants 
would shelter more amphipods from pre- 
dation, This would contribute to a positive 
effect of high density on these seaweeds, 
while being equivalent to a locust attack in 
its effect on many other algal species. 

Schiel & Choat’ suggest that the study 
of marine plant—arthropod relationships 
could have important implications for 
mariculture. In fact, our work on 





amphipod grazing implies that main- 
tenance of some amphipod species in 
mariculture facilities could increase ylelds 
significantly. 

SUSAN H. BRAWLEY 
WALTER H. ADEY 


Marine Systems Laboratory, W~310, 
Department of Paleobiology, 


Smithsonian Instiaution, 
Washington DC 20560, USA 
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SCHIEL AND CHOAT REPLY—Odur 
recent paper’ reported two of our findings 
for large marine algae: (1) individual 
plants in dense, monospecific stands tend 
to be larger compared with plants of the 
same age in sparser stands, and (2) the 
number of crustacea in algal fronds may 
be quite high with no apparent adverse 
effect on algal plants. We contrasted this 
to terrestrial plant systems, “where the 
opposite seems to apply in both cases. 
These observations were put forward as 
hypotheses worthy of further testing. 

An experimental demonstration of a 
link between fish predators, frond-dwel- 
ling crustacea and the occurrence of 
epiphytes on large brown algal plants has 
proved largely intractable in field situa- 
tions. Data on the comparisons of 
arthropod loads between densities and 
exposures of plants, the fish effect on 
arthropod loads, and the effects of 
arthropods on host plants are either lack- 
ing altogether or equivocal, particularly 
over large areas generally. Brawley and 
Adey* have provided evidence in their 
coral reef microcosm that such a link 
exists, and that high numbers of crustacea 
may be of benefit to larger algae by reduc- 
ing epiphytism. Their results do not 
negate our hypotheses. Our argument 
admits the likelihood of a beneficial effect 
on plants, or no effect at all, due to crus- 
tacean loads. However, before a general 
case is made more data are required 
concerning: (1) the general effects of 
density on growth, survival and size of 
marine plants; (2) the effects of crustacéa 
on marine plants, and (3) the effects of fish 
predators on crustacea. Brawley and 
Adey have provided some information. 
We welcome further testing-of the hypo- 
theses we have put forward. 


DAVID R. SCHTEL 
J. H. CHOAT 
Department of Zoology and 
Leigh Marine Research Laboratory, 
University of Auckland, Leigh, 
New Zealand 
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The glass bead game 


THE gap between theoretical‘and applied 
ecology seems to be widening. Indeed it is 
difficult to escape the worrying conclusion 
that some theoreticians are playing a 
version of Hermann Hesse’s Das Glas- 
perlen Spiel’ or that they have little feeling 
for or understanding of biological prob- 
lems. A particularly good example is the 
recent article by Gurney et al.? which 
attempts to provide a theoretical model to 
explain the oscillatory behaviour of 
laboratory populations of blowflies. 

After reaching the esoteric conclusion 
that the blowfly cycles are “self-sustaining 
limit cycles” rather than “driven quasi- 
cycles”, the authors proceed to use their 
model to explain the ‘double-humped’ 
nature of the cycles in terms of minimum 
population size (Nmn) in relation to the 
size at which the population achieves 
maximum reproductive success (No). The 
mathematics are correct, but in their zeal, 
the authors fail to notice Nicholson’s own 
explanation of the ‘double-hump’ 
phenomenon (see Fig. 3 legend in ref. 3). 
He says “the lack of a clear inverse rela- 
tion between the various low adult densi- 
ties and the number of eggs produced is 
due to the fact that adults are mostly senile 
as the adult minima are approached, near 
the minima many are newly emerged and 
incapable of laying eggs, and subsequently 
highly fertile young individuals 
dominate”. In other words, the fact that 
breeding occurred in ‘quasi-discrete’ 
generations is probably almost entirely a 
consequence of age-specific variation in 
the reproductive performance of the adult 
blowflies. As Gurney et al. ignore this 
variation their model must be seen as 
artefactual and spurious—a product of the 
‘game’. 

Of less importance, but still worrying, is 
the promotion of ‘‘a satisfying qualitative 
fit” in the conclusions to “good quan- 
titative agreement” in the abstract, and 
the failure to refer to similar published 
work*’. In contrast, Readshaw and Cuff® 
have published a biologically realistic 
model of Nicholson’s results which 
includes readily identifiable parameters. 
An age-specific version of the model 
would undoubtedly simulate the ‘double- 
hump’ but the data are not yet available. 

J. L. READSHAW 
CSIRO, Division of Entomology, 
PO Box 1700, 
Canberra City, ACT 2601, 
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GURNEY ET AL. REPLY—Readshaw 
raises three scientific objections to the 
model described in our recent article’. We 
shall deal with these in turn. 


The question of the nature of the 
mechanism responsible for the. observed 
cycles is very far from ‘esoteric’. Any 
moderately repetitive fine structure 
exhibited by a limit-cycle type of fluctua- 
tion carries readily extractable dynamic 
information, whereas the fine structure of 
a driven quasi-cycle is mainly ‘noise’ 
which only serves to obscure our view of 
the underlying population dynamic. Thus 
our judgement that detailed investigation 
of the fine structure of the cycles observed 
by Nicholson is a worthwhile exercise 
hinges on our unambiguous demon- 
stration that they are limit cycles. 

It is clear from our work that if average 
future recruitment bears any kind of 
humped relationship to current adult 
population then cycles which have minima 
well below the population size at which 
maximum overall reproductive success is 


Ha 


NAAN Aj 


240 280 320 360 400 
| 
| J 
0 lass 5 
200 240 280 320 360 400 
Ne 


ARCATA 


(. 
200 





wiS> 
8 


N 
te 


Adult population (x 10°) 





64 


er 








Time (days) 


Fig. 1 Numerical solutions of Readshaw 
and Cuff’s model equation’*: n(t+1)= 
0.8n(t)+ R(n(t—7)). a, Adult food-lim- 
ited case: R=10n when n<171, R= 
1,795-0.503n when 171<<3,569; 
R=0 when n>3,569. r=15 days. b, 
Larval food-limited case: R =10n(1- 
exp {0.154-109.9/n}) when n <714; R = 
0 when n >714. r=13 days. c, Adult 
food-limited case with modified para- 
meters: R=2.49n when n<600; R= 
1,795~-0.503n when 600 < n < 3569; R = 
0 when n > 3,569. r= 15 days. 


achieved, must be accompanied by a ‘dis- 
crete generation’ pattern of breeding 
activity. A clear implication of Nichol- 
son’s*” batch culture results displayed in 
Readshaw and Cuff’s paper* is that just 
such a relationship exists for Lucilia 
cuprina, and there is thus no shred of 
evidence for their ex cathedra statement 
that the double-humped egg-laying rate 
curves observed by Nicholson are entirely 
the product of the age structure-depen- 
dent fecundity changes noted in Fig. 3 
legend of ref. 3. However, such effects do 
provide a very plausible explanation of the 
observation that in four out of seven cycles 


shown the second peak of the double 
hump is-considerably higher than the first. 

The final objection of Readshaw is the 
claim that the fine structure predicted by 
our model must be ‘spurious and artefac- 
tual’ because their ‘biologically reason- 
able’ model predicts a limit cycle with no 
fine structure. This claim has no sound 
basis. Their model is effectively identical 
to ours except in the details of the 
functional form chosen for the recruit- 
ment rate function. In both experimental 
regimes considered the form chosen has a 
single hump with a maximum at a popu- 
lation size (No) comfortably in excess of 
the observed minimum population and 
thus there seems every reason to suppose 
that careful numerical analysis will reveal 
that their model predicts population 
cycles with a fine structure very similar to 
that shown in Fig. 6 of our paper’. Figure 
la, b shows that this is indeed the case. 
Furthermore, in the adult food-limited 
case (Fig. 1a) note that there is no direct 
experimental evidence for the value of No 
implied by the parameters chosen by 
Readshaw and Cuff (171) and indeed that 
this value is considerably below the value 
of 600 that may be deduced from Nichol- 
son’s data (see Fig. 3 of ref. 3). If we 
abandon the attempt to force Readshaw 
and Cuff’s piecewise linear approximation 
to the recruitment function to fit the 
behaviour of the population as N > 0 and 
instead place the maximum of the curve 
somewhere near the correct value (Fig. 
lc), then the structure predicted by their 
model becomes very strong indeed. 

We conclude that the very simple 
mechanism proposed in our original arti- 
cle captures much of the spirit of the 
population dynamics underlying Nichol- 
son’s blowfly cycles and is thus a 
contribution to narrowing (rather than 
widening) the gap between theoretical and 
applied ecology. W. S. C, GURNEY 

S. B. BLYTHE 
R. M. NISBET 
Department of Applied Physics, 
University of Strathclyde, 
George Street, Glasgow G4 ONG, UK 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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BOOK REVIEWS 


Unravelling the threads of cosmic history 






James N. Fry, Craig Hogan and David N. Schramm 


CLASSICAL physical cosmology, as 
exemplified by texts such as Weinberg’s 
Gravitation and Cosmology (Wiley, 1972), 
deals with an idealized ‘‘smooth’’ Universe 
taken as a whole, its overall dynamics and 
mean composition. General relativity 
describes the universal expansion in an 
average sense, assuming that the material 
content is very nearly uniform. All 
standard calculations, such as the synthesis 
of primordial helium, rely on this back- 
ground. Astronomers, on the other hand, 
have always studied discrete concen- 
trations of matter, the galaxies for 
example, but until recently many regarded 
cosmology as a ‘‘study of the search for 
two numbers’’ — the expansion rate and 
the deceleration parameter of the 
smoothed substratum. 

However, the detailed study of the 
distribution of galaxies, their clustering 
and their peculiar (non-Hubble) motions, 
forms a fascinating subject in its own right, 
which offers a great variety of problems, 
dynamical, statistical and observational, 
for both the astronomer and the physicist. 
Here there exists the possibility of 
unravelling some of the threads of cosmic 
history. Jim Peebles has written the first 
textbook to deal almost exclusively with 
what might more appropriately be des- 
cribed as the ‘‘in-between-scale structure 
of the Universe” — bigger than galaxies, 
but much smaller than the observable 
Universe. 

On the very largest scales, above about 
10 Mpc (30 million light years), the 
Universe is indeed nearly uniform, as is 
indicated by such diverse measures as the 
isotropic distribution of galaxies, faint 
radio sources, the X-ray background 
radiation, and especially the microwave 
background radiation, which of all these 
comes from farthest away and reflects the 
oldest parts of the Universe we can reach — 
its last interaction with matter probably 
occurred when the Universe was about 
1,000 times smaller than it is now. On 
smaller scales, less than 10 Mpc, the dis- 
tribution of galaxies displays a rich 
structure, illustrated in the frontispiece of 
Peebles’s book and also in a beautiful 
poster (‘One Million Galaxies” published 
by Peebles and Stewart Brand of CoEvolu- 
tion Quarterly). The structure can be 
quantified by statistical measures such as 
the galaxy correlation functions, and it is 
consistent with the model that galaxies are 
distributed in a sort of self-similar nested 





The Large-Scale Structure of the Universe. 
By P. J. E. Peebles. Pp.416. ISBN hbk 
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hierarchy — galaxies are bound in groups 
which orbit each other in clusters and so 
on, up to scales of 3-10 Mpc where the 
largest aggregations blend smoothly into 
the uniform background. 

From its gravitational effects on 
luminous galaxies, we now know that most 
of the mass of the Universe is dark. We 
cannot tell from these dynamical studies 
what the mass is made of, although there 
are some constraints from big bang nucleo- 
synthesis on the total baryonic component. 
Depending in part on how the total 
cosmological mass density compares with 
these constraints on baryon density, the 
dark matter might be anything from 
swarms of invisible particles, such as 
neutrinos, to clusters of very dim, low mass 
stars, to black holes as large as a million 
solar masses each, Nevertheless, if the 
distribution of mass is similar to the visible 
galaxy distribution then natural 
mechanisms exist for creating a hier- 
archical structure. (One must be careful 
here, since there is some evidence that the 
dark matter may have a different spatial 
distribution from the light-emitting 
matter.) In one picture, as the Universe 
expands and cools, galaxies (with their 
dark counterparts) condense out of the 
primordial matter. Neighbouring galaxies 
gravitationally pull each other out of the 
expansion and start orbiting each other, 
forming groups; neighbouring groups 
approach each other, and so on. Opposed 
to this is an alternative view — that the first 
scales to condense are very large, about 
10 Mpe, and that flattened gas clouds of 
this size (‘‘pancakes’’) fragment into 
smaller ones, which break up into still 
smaller ones, and so on, finally reaching 
galaxy sizes. Both frameworks seem viable 
and are intuitively satisfying. It remains a 
fascinating enigma exactly how a nearly 
uniform expanding Universe produces the 
structure we see. This area of cosmology is 
at an interesting stage of development 
because, although the expanding Universe 
option is widely used, various detailed 
models (to explain the same observations) 
differ in almost all essential aspects. 
Fortunately, the differing predictions are 
on the verge of being tested, primarily by 





observations of anisotropy in the 
microwave background, our best direct 
probe of the epoch just prior to galaxy 
formation. 

Peebles’s book supplements the 
standard textbook version of cosmology 
with the results of these structural studies. 
If you are active in research dealing with 
cosmological structure, you must have a 
copy, for it is the most complete source for 
finding out what has been done. However, 
for those with only casual interest, the 
book is much less effective. The approach 
is that of a pioneer in the field, recollecting 
calculations and lines of thought from over 
the years, and it is thus extremely valuable 
as a reference; but this does not make for 
ideal pedagogy. Except for the historical 
introduction, there are few pointers in the 
400 pages toward which material is likely to 
remain important; current fashion and 
fundamentals are treated with almost equal 
weight. If you know specifically what you 
want to know, you can find it in this book 
— unlike Peebles’s previous book, 
Physical Cosmology (Princeton University 
Press, 1973), it does have an index; every 
standard calculation is here (there are four 
frameworks for deriving the linear growth 
equations) and there is an extraordinarily 
complete list of references. But if you are 
an outsider and want to get a picture of 
what is going on, what is likely to remain 
relevant and what may be tossed out in the 
next ten years, you will probably be lost. 

Peebles does not attempt to conceal his 
biases, and exercises the author’s right to 
present a convincing case — with a fair 
assessment of the uncertainties. He 
emphasizes the idea of a ‘‘well-regulated”’, 
quiescent initial state replacing the 
formerly popular ideas of primordial 
chaos, turbulence, magnetic fields; the 
hierarchical clustering picture emerges as 
the one simple physical process which can 
make solid predictions about the galaxy 
distribution; the Universe contains a lot of 
unseen matter, possibly enough to make 
the daring statement {2 = |. 

Despite the possibile shortcomings, there 
is no question that the field has needed this 
book. It will undoubtedly become a 
standard graduate extragalactic astronomy 
textbook. Here is a collection of useful 
calculations which were not previously 
available in any one place (although some 
of the book overlaps with S$, M. Fall’s 
excellent review on correlation functions 
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though there is no complete universal 
model, there is a great deal of standard lore 
— correlation functions, newtonian sta- 
ustical dynamics, relativistic perturbation 
theory, scaling laws and so on. Peebles 
avoids the fundamental uncertainties by 
focusing on manageable physical problems 





which can be solved to yield precise answers 
to specific questions. That is perhaps the 
best that anyone could do given our present 
state of ignorance. E 





The authors are at the Astronomy and 
Astrophysics Center of the University of 
Chicago. 


Rabbie Burns and the art of genetics 


Tony Searle 





Genetics and Probability in Animal 
Breeding Experiments. By Earl L. Green. 
Pp.271. ISBN 0-333-27243-9/0-19-520159-0. 
(Macmillan Press, London/Oxford Uni- 
versity Press, New York: 1981.) £20, 
$36.95. 


Ir ts well known that even ‘‘the best laid 
schemes 0’ mice an’ men gang aft a-gley’’, 
so the need for this book is obvious. It is 
meant to minimize the ‘‘a-gley factor” 
where the two species undertake joint 
genetic enterprises, and it should fulfil its 
purpose if read as conscientiously as the 
lectures engendering it were doubtless 
listened to. They were given by Earl Green 
when Director of the Jackson Laboratory, 
to each year’s new crop of staff members 
and postdoctoral fellows. No one who is 
familiar with the high standards of genetic 
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research and animal breeding at that labor- 
atory can doubt their effectiveness. 

Amidst all the marvels of somatic cell 
hybridization, probes, DNA sequencing 
and the like, the more humdrum proce- 
dures of constructing and maintaining 
inbred strains for particular purposes, 
introducing mutant genes into them, 
studying newly arisen mutants and finding 
where they belong in the genome must go 
on. In the past, the necessary expertise has 
had to be acquired piecemeal and often 
belatedly; now it is all gathered together in 
one volume. I could have done with such a 
vade-mecum 30 years ago, but it (and I) 
would have been slimmer then. Thus, there 
is now full coverage of how to produce and 
use recombinant inbred strains, which have 
proved so valuable in recent years, and of 
modern methods of linkage analysis. In 
fact, the chapters ‘‘Linkage, Recombin- 
ation and Mapping” and ‘‘Mating 
Systems’’, with associated appendices (for 
example on maximum likelihood methods) 
take up nearly half the book. 

J.B.S. Haldane used to punctuate his 
genetics lectures with ‘‘Let me give you an 
example” and Earl Green uses the same 
idea liberally in this book. Matings of mice 
with pale ears and dilute coats illustrate 
probabilities, tests of significance, 
symbolism, gametic output and so on, 
other matings illustrate linkage and still 
others demonstrate the use of Finney’s 
scores for linkage and analysis. These help 
a lot in what would otherwise be a harder 
slog. All the examples are based on mice 
but of course the book as a whole should be 
a boon to all mammals in search of a 
genome. The mouse is far ahead of the rest 
at present, but with modern mutagenic 
methods the gap could be narrowed quite 
rapidly. 

Among the ten appendices are the 
complete rules of nomenclature for mouse 
genes and inbred strains, as well as the 
author’s system of record-keeping and a 
recommended mouse-room layout. My 
only regret is that there is so little on how to 
deal with translocations and other 
chromosome anomalies. There are a lot of 
them about nowadays and, with some 
types of cross, they can play havoc wit 


‘get 


Mendelian genetics. E 





A.G. Searle is in the Genetics Section at the 
Medical Research Council ’s Radiobiology Unit, 
Harwell. 
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Spectroscopic sound 
M. J. Adams 


Photoacoustics and Photoacoustic Spec- 
troscopy. Chemical Analysis, Vol. 57. By 
Allan Rosencwaig. Pp.324. ISBN 0-471- 
04495-4. (Wiley: 1981.) £19, $43.75. 











THE photoacoustic effect (prior to 1977 
more commonly termed the optoacoustic 
effect) provides the basis for a calorimetric 
method of measuring the absorption of 
electromagnetic radiation by a sample 
under study. The phenomenon may be 
applied to many spectroscopic and non- 
spectroscopic studies involving the 
interaction of radiation with matter. Dr 
Allan Rosencwaig, internationally 
recognized as a pioneer in the modern 
development of photoacoustic techniques, 
has attempted to bring together in this 
book a comprehensive review of the theory 
and current applications of methods 
employing the effect. 

In the first two chapters the author 
presents a brief summary of the 
phenomenon and describes its study up to 
the last decade. Until quite recently the 
majority of applications of photoacoustic 
spectroscopy (PAS) have been limited to 
the study and analysis of gaseous systems, 
and six chapters (approximately a quarter 
of the book) are given over to this work. 
The theory and more common experi- 
mental arrangements for gaseous PAS are 
discussed and a chapter is devoted to a 
review and evaluation of suitable radiation 
sources for PAS. Applications of PAS to 
the study of gases, including multi- 
component analysis, de-excitation studies, 
high resolution spectroscopy, photolysis 
and non-linear effects, are examined. 

Much of this first part of the book is 
already available in many excellent reviews 
and serves here only as a background and 
introduction to the remainder of the text 
which covers the application of photo- 
acoustic studies to the examination of 
condensed-phase media. It is in the 
contents of these 15 chapters that the 
author’s own contributions are pre- 
dominant and which provide the book with 
its special interest. A chapter is devoted to 
the general theory of the photoacoustic 
effect employing gas-microphone systems 
and piezoelectric transducers, and 
another, of five pages, provides a 
simplified theoretical account for those 
who might find the more rigorous 
treatments, derived in previous sections, 
demanding. Experimental systems and 
apparatus for the examination of solid and 
liquid samples are reviewed and a chapter is 
reserved for the more novel spectroscopic 
studies, including dichroism and Fourier 
transform techniques. The areas of 
condensed-phase sample PAS reviewed 
comprise chemical studies, surface studies 
and applications in biology and medicine. 
De-excitation phenomena in solid and 
liquid media, including fluorescence 
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studies and quantum efficiency measure- 
ments, are discussed in detail. There is also 
a useful account of thermal processes in 
samples and sample depth profiling, and 
thickness measurements using the photo- 
acoustic effect are considered. The final 
two chapters of the book are concerned 
with more specialized instrumental topics: 
photoacoustic spectroscopy at low 
temperatures and photoacoustic 
microscopy. 

During the past decade studies involving 
the photoacoustic effect have increased 
dramatically and the range of instrumental 
methods and applications is now 
widespread. In producing this book, the 
first of its kind to deal exclusively with 
photoacoustics, Dr Rosencwaig has 
succeeded in including a discussion of all 
the major topics currently being 
investigated employing the techniques. 
With its wide-ranging coverage, the text 
will be of interest not only to those actively 
engaged in photoacoustic research but also 
to spectroscopists seeking a detailed 
introduction to the technique and its 
possible use in their own field. E 





M.J. Adams is in the Department of Spectro- 
chemistry at the Macaulay Institute for Soil 
Research, and is a past SRC Research Fellow in 
photoacoustic spectroscopy. 


Earliest technology 
J.A.J. Gowlett 


Premiers Outils Taillés D’A frique. By Héléne 
Roche. Pp.263. ISBN 2-901161-146, (Société 
d’Ethnographie, Paris: 1981.) 80F. Available 
from C. Klincksieck, 11 rue de Lille, Paris 7. 





“FEEL good” wrote Johanson in his diary 
just before discovering the early hominid 
remains of ‘‘Lucy’’. It was good too that 
Hélène Roche, a French co-worker in the 
same Afar region of Ethiopia, succeeded in 
finding the earliest stone tools yet known 
(c. 24 million years old), which now gain 
mention in a book of wider scope. Her 
book, though, is not so much the popular 
introduction which the title might imply, 
but rather a painstaking exercise in the 
study of early stone technology. English 
texts on early man abound, but a book in 
French is rarer, and deserves to find an 
audience. Central questions are 
approached thoughtfully: ‘‘What is the 
significance of the acquisition of tools in 
the process of hominization?’’ is an issue 
too often swept aside by currently favoured 
theories which stress social factors, such as 
food sharing, in human evolution. Here, in 
contrast, the flaked stone tools, which 
preserve sequences of individual decisions 
from the distant past, are seen as an 
important aspect in early man’s progress, 
encouraging technical awareness, aptitude 
and skill. 

The heart of the book is a statistically 


presented examination of the 
manufacturing routines employed in 
fashioning ‘‘worked pebbles’’. It seems a 
pity that some key sites, including those at 
Afar, are treated only in the useful intro- 
ductory chapters, and that the main study 
hangs on just two samples from Olduvai 
and two from insecurely dated sites in 
Morocco — but then, nobody has access to 
material from all the early sites. 

There are some debatable points of 
terminology or fact (Australopithecus 
africanus has not been found at Baringo), 
but Roche is surely right to criticize pre- 
historians for continuing to use terms like 
“chopper” even though we now intend no 
functional implication. 


Roche concludes that simple tools were 
fashioned by using only certain preferred 
flaking sequences, amongst a range of 
possible routines, thus showing a corm- 
sistent human desire to ‘‘get out” a worked 
edge from the raw material. But could they 
have been made differently? Some workers 
will argue that a worked pebble can only 
end up in certain forms. Nevertheless, 
Roche makes perceptive points about early 
human conceptual abilities, and her book 
offers much food for thought. E 





J. A. J. Gowlett is Senior Archaeologist of the 
Radiocarbon Accelerator Unit, Research 
Laboratory for Archeeology and the History of 
Art, Oxford, 


Notes on the birth of experimental psychology 


O.L. Zangwill 


An Education in Psychology: James 
McKeen Cattell’s Journal and Letters from 
Germany and England, 1880-1888, Edited 
by M.M. Sokal. Pp.372. ISBNO-262-19185-7, 
(MIT Press: 1981.) $30, £18.60. 


WILHELM Wundt (1832--1920), an 
unsuccessful physiologist who held the 
Chair of Philosophy at the University of 
Leipzig for many years, is remembered as 
the founder of the first laboratory 
explicitly dedicated to the pursuit of 
experimental psychology. It opened in 
1879 and soon began to attract graduate 
students from all over the world — and in 
particular from the United States — drawn 
it would seem less by the profundities of 
Wundt’s thought than by the promise of 
his laboratory. Accordingly, it was to 
Leipzig that a 20-year-old American 
graduate, James McKeen Cattell, the son 
of a Presbyterian Minister who was also 
Principal of the College from which his son 
had graduated, directed his footsteps. 
Cattell studied under Wundt for two 
years. He then returned to America and for 
a year held a teaching post at Johns 
Hopkins University, which however he 
relinquished in order to return to Leipzig 
and to become, largely at his own initiative, 
Wundt’s assistant. Their work at this time 
was largely concerned with the measure- 
ment of reaction times, then a very popular 
preoccupation of psychologists and which 
has in recent decades regained much 
interest as a result of contemporary 
concepts of human information process- 
ing. Cattell’s work was published in both 
German and British journals (including 
Mind and Brain). He obtained his 
doctorate at Leipzig in 1886 and spent the 
greater part of the next two years at St 
John’s College, Cambridge, which has a 
long-standing reputation as an institution 
sympathetic to experimental psychology. 
Cambridge had at that time no Depart- 
ment of Experimental Psychology and a 
proposal set in train by James Ward in 1877 








that a psychophysics laboratory be 
instituted was vetoed as disrespectful to the 
dignity of mind. While unable to proceed 
further with his experiments on reaction 
time and associative processes, Cattell’s 
journal and letters report exciting 
discussions with philosophers such as 
Ward and Henry Sidgwick, neurologists 
such as Ferrier and Hughlings Jackson 
and, most significant of all, the polymath 
Sir Francis Galton. Indeed in his year or 
two at Cambridge Cattell acquired from 
Galton a major interest in the measurement 
of individual differences in mental capacity 
which owed nothing to his years with 
Wundt and which did much to shape his 
work at Columbia in the earlier decades of 
this century. 

This selection from Cattell’s journal and 
letters, mostly to his parents, together with 
some of their replies, provides an inter- 
esting picture of the impact of Europe on a 
sensitive and intelligent young American 
psychologist in the penultimate decade of 
the last century. While some of his 
judgements, particularly on matters 
aesthetic, are naive in the extreme, others 
reflect an intellectual dedication and 
whole-hearted devotion to science which 
might well have led to much more im 
portant original research had the young 
author decided to act-on his original plan to 
remain permanently in Cambridge. (As it 
was, Cattell’s later career was largely that 
of an organizer of research and an 
academic administrator, and he cannot be 
rated as in the top flight of American 
psychologists of his period.) The material 
has been assembled and edited with 
scholarship and care, though it is perhaps a 
pity that many passages labelled as 
“gossip” have had tobe excluded. If one’s 
interest lies in the man rather than in his 
work, which appears to be the case here, his 
gossip may provide much more interesting 
clues to his character than the details of his 
work, his travels and his social encounters 
with the distinguished. 
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None the less, some interesting items of 
social history escape the editor’s scissors. 
For example, it is evident that self- 
experiments with a whole variety of drugs, 
including caffein, ether, hashish, 
laudanum and morphine, were regarded as 
perfectly in order even in the family of a 
Presbyterian College President. Such 
“experiments’’ appear to have been 
regarded as healthy explorations of the 








range of consciousness and as carrying no 
social or medical stigma whatsoever. It 
would be interesting to trace the reasons 
why such widely disseminated personal 
idiosyncracies apparently failed to produce 
anything remotely approaching the student 
drug culture of today. El 





O. L. Zangwill is Professor of Experimental 
Psychology at the University of Cambridge. 


Transformations in magma physics 


M.J. O’Hara 


Physics of Magmatic Processes. Edited by 
R.B. Hargraves. Pp.585. ISBN hbk 0-691- 
08259-6; ISBN pbk 0-691-08261-8. (Prince- 
ton University Press: 1980.) Hbk $40, £24; 
pbk $15, £9.30. 


THIS companion volume to Evolution of 
the Igneous Rocks, Fiftieth Anniversary 
Perspectives (Princeton, 1979) emerges 
from a conference commemorating the 
fiftieth anniversary of Bowen's great publi- 
cation. Written by an impressive list of 
experts, it contains 11 chapters on a range 
of aspects of the physics, thermochemistry 
and trace element chemistry of magmas. 

In the opening contribution, P.C. Hess 
discusses the structure of silicate liquids 
and indicates the importance of its 
influence on liquid immiscibility and dis- 
tribution coefficients for trace elements. 
His account, though useful, would have 
been more valuable with the inclusion of 
the instructive saga of the variations of 
nickel distribution between olivine and 
liquid, and if the implications of changes in 
liquid structure with pressure (and with 
time in an experiment) for measured dis- 
tribution coefficients had been surveyed in 
more detail, 

D.F. Weill, R. Hon and A. Navrotsky 
next illustrate the progress made, despite 
considerable difficulties, in the prediction 
of crystal-liquid phase equilibria from 
thermodynamic data. In this context, it is 
worthy of note that experimental deter- 
mination has a more important future than 
some would have predicted five years ago. 
Progress in determination of she important 
physical parameters of magmas is covered 
by I. Kushiro. He emphasizes the impor- 
tance of the transition from four-fold to 
six-fold coordination of aluminium in con- 
trolling increase of density, decrease of 
viscosity and change of liquid structure in 
the 10-20 kb range. (The mind leaps to the 
possible effects of the same transition in the 
coordination of silicon, which should pro- 
duce yet more dramatic changes of such 
properties at pressures encountered within 
the lower part of the upper mantle — itisa 
pity that Kushiro does not speculate on 
this.) He does, however, discuss the overall 
implications of the changes of viscosity and 
density for rates of magma movement, 
changes in volatile solubility and the 
efficiency of magma extraction, crystal- 








liquid fractionation and diffusive 
processes. 

S.R. Hart and C.J. Allegre review the 
field of trace element and isotope 
geochemistry, before going on to 
provide an excellent summary of the 
“traditional” (or pre-1980) theory of the 
petrogenesis of mafic and granitic rocks. 
The more complicated but entirely 
plausible trace element models (touched on 
briefly in this chapter), combined with new 
understanding of the physics of magma 
mixing, have transformed thinking on the 
subject; fractionating magma chambers 
fed by uniform parent liquids can erupt 
lava suites which must (traditionally) be 
interpreted as partial melting products of 
heterogeneous mantle sources. The 
rehabilitation of assimilation and con- 
tamination is at hand, and increasing 
evidence for diffusive differentiation of 
trace elements (and isotopes?) in magma 
chambers may shortly overwhelm all other 
considerations. These are stirring times! 

In his critical review of problems in heat 
flow determination and interpretation, 
E.R. Oxburgh concentrates on a survey of 
partial melting in upward convecting 
systems. Somewhere in this book it would 
have been appropriate to refer to the vexed 
question of density constraints on mantle 
plumes and to the inverse possibility that 
partial melting at the base of the mantle 
precedes and drives the convective 
motions. An unconsidered possibility is 
that partial melts may become denser than 
olivine (but not denser than a bulk residue 
containing silica-rich garnet rather than 
pyroxene) near the base of the upper 
mantle, hence allowing upward motion of 
low percentage partial melts, downward 
movement of high percentage melts and 
complex redistribution of heat-producing 
elements. 

Whereas the first five chapters are 
models of clarity, H.R. Shaw’s con- 
tribution is distinctly tough going. In 
almost mystic prose he explores possible 
relationships between stress fields, rates 
and volumes of magma flow, and 
seismicity. Nevertheless, I shall be reading 
and re-reading this section in order to 
understand its implications for the (rather 
neglected) situations where major magma 
chambers intervene between source and 
vent, and changes in magma composition 
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and density may become key factors in 
controlling magma transport. In the 
following contribution, F.J. Spera covers 
some of the same ground as Shaw but 
extends the discussion to many other 
aspects of the segregation, ascent and 
eruption of magmas. Major evolution of 
liquid composition probably occurs 
between source and point of eruption in 
most volcanic systems, and will complicate 
further the relationships discussed here. 

In a thoughtful and stimulating 
contribution, T.N. Irvine documents the 
recent revolution in ideas concerning 
chemical and physical processes in slowly 
cooled magma chambers. This will be 
essential reading for anyone interested in 
consolidation of magmas. Irvine covers 
diagenesis of crystal accumulations but 
unfortunately only touches on fluid 
dynamics; it is in this latter field that some 
of the most spectacular progress has been 
made since the book went to press. 

A.W. Hoffman deals with one- and 
two-way diffusion in magmas, making 
particular reference to determinative 
methods rather than specific applications. 
One of the most important questions which 
is discussed in detail by Hoffman concerns 
the possible influence of diffusion through 
the boundaries between individually well- 
mixed convecting layers in a cooling 
magma chamber. While crystal~liquid 
equilibria apply a constraint on the lowest 
layer — at least if the chamber is solidifying 
by bottom-crystallization — it does not 
follow that the higher layers of the magma 
from which lava flows are likely to be 
derived will be in major- or trace-element 
equilibrium with the ‘‘cumulate’’ 
assemblage, or even in isotopic equilibrium 
with it. 

E. Dowty deals with the basic theory of 
crystal nucleation and growth. He reviews 
a range of factors which may affect the 
morphology and chemistry of growing (or 
dissolving) crystals, and thus the develop- 
ment of grain size distributions and 
textures of igneous rocks, stressing once 
again the value of experimental work. G. 
Lofgren continues the story of the experi- 
mental study of crystal growth and texture 
development, especially with regard to 
lunar and terrestrial basic magmas. This 
final contribution provides a timely review 
of recent activities in the field. 

Like its companion volume, this book 
appears at the moment when igneous 
petrology is making its most rapid 
advances since Bowen’s day. Consequently 
it, too, suffers from omissions which will 
prevent it from standing as a milestone on 
the long road towards our understanding 
of magmatic processes; rather, it should be 
appreciated as a speedometer. Nevertheless, 
I found the book stimulating reading and 
recommend it to all serious students of 
igneous petrology. c] 





M.J. O'Hara is Professor and Head of the 
Geology Department, University College of 
Wales, Aberystwyth. 
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University College London, July 1978. Pp.495. ISBN 0-12-593150-6. (Academic: 
1980.) £48, $110.50. 

ZACKS, S. Parametric Statistical Inference. Basic Theory and Modern 
Approaches. International Series in Nonlinear Mathematics: Theory, Methods and 
Applications, Vol.4. Pp.387. (Pergamon: 1981.) £20, $48. 


Physics 


BORN, M. and WOLF, E. Principle of Optics. Electromagnetic Theory of 
Propagation, Interference and Diffraction of Light. 6th Edn, Pp.808. Hbk ISBN 
0-08-026482-4; flexi ISBN 0-08-026481-6. (Pergamon: 1980.) Hbk np; flexi £12. 

FERRARI, E. and VIOLINI, G, (eds). Low and Intermediate Energy Kaon- 
Nucleon Physics. Proceedings of the Workshop, Institute of Physics of the 
University of Rome, March 1980. Pp.428. ISBN 90-277-1183-6 (Reidel: 1981.) 
Dfl.100. 

GRIFFITHS, D. J. Introduction to Electrodynamics. Pp.479. ISBN 
0-13-481374-4. (Prentice/Hall International: 1981.) £15.55. 

MAHAN, G. D. Many-Particle Physics. Physics of Solids and Liquids. Pp.1003. 
ISBN 0-306-40411-7. (Plenum: 1981.) $85. 

MULLER, K. A. and THOMAS, H. (eds). Structural Phase Transitions 1. Topics 
in Current Physics, Vol.23. Pp.190, ISBN 3-540-10329-5. (Springer-Verlag: 1981.) 
DM 50, $29.50. 

PERSONICK, S. D. Optical Fiber Transmission Systems. Applications of 
Communications Theory Series. Pp.179. ISBN 0-306-40580-6. (Plenum: 1981.) Np. 

RAMOND, P. Field Theory. A Modern Primer. Frontiers in Physics, No.51. 
Pp.397. Hbk ISBN 0-8053-7892-8; pbk ISBN 0-8053-7893-6. 
(Benjamin/Cummings, Menlo Park, California: 1981.) Hbk $26.50; pbk $14.50. 

RAPP, D. Solar Energy. Pp.516. ISBN 0-13-822213-4. (Prentice/Hall: 1981.) 
$32. 

SAXENA, S. C. and JOSHI, R. K. Thermal Accommodation and Adsorption 
Coefficients of Gases, McGraw-Hill/CINDAS Data Series on Material Properties, 
VoLI-1. Pp.412. ISBN 0-07-06503 1-4. (McGraw-Hill: 1981.) Np. 

SOBELMAN, I. L, VAINSHTEIN, L. A. and YUKOV, E. A. Excitation of 
Atoms and Broadening of Spectral Lines. Pp.328. ISBN 3-540-09890-9. (Springer: 
1981.) DM 75, $44.30. 


Chemistry 


BRADY, J. E. and HOLUM, J. R. Study Guide. Fundamentals of Chemistry. 
Pp.396. Flexi ISBN 0-471-05817-3. (Wiley: 1981.) Np. 

DENBIGH, K. The Principles of Chemical Equilibrium. With Applications in 
Chemistry and Chemical Engineering. 4th Edn. Pp.494. Hbk ISBN 0-521-23682-7; 
pbk ISBN 0-521-28150-4. (Cambridge University Press: 1981.) Hbk £22; pbk £8.95. 

ENGLMAN, R. et al. Bonding Problems. Structure and Bonding, Vol.43. 
Pp.220. ISBN 3-540-10407-0. (Springer-Verlag: 1981.) DM 98, $57.90. 

INMAN, D. and LOVERING, D. G. (eds). lonic Liquids. Pp.450. 0-305-40412-5. 
(Plenum: 1981.) $49.50. 

ISAACS, N, 3. Liquid Phase High Pressure Chemistry, Pp.414. ISBN 
0-471-27849-1. (Wiley: 1981.) Np. 

KATRITZKY, A, R. and BOULTON, A. J. (eds). Advances. in Heterocyelic 
Chemistry, Vol.27. Pp.331. ISBN 6-12-020627-7. (Academic: 1981.) $49.50. 

LOWDIN, P-O. Advances in Quantum Chemistry, Vol.}2. Pp.325. ISBN 
0-12-034812-8. (Academic: 1980. ) $48. 

McGUIRE, S. Y. Study Guide for Chemistry. An Introduction ta General, 
Organic and Biological Chemistry. Pp.307. Pbk ISBN 0-7167-1314-4. (W. H. 
Freeman: 1981.) $7.95. 

MEITES, L. An Introduction to Chemical Equilibrium and Kinetics. Pergamon 
Series in Analytical chemistry, Vol.1. Pp.549. Hbk {SBN 0-08-023802-5; flexi ISBN 
0-08-023803-3. (Pergamon: 1981.) Hbk £31, $75; flexi £8.95, $19.95. 











RECEIVED 


MIDDLEDITCH, B. 5. MISSLER, S. R. and HINES, H. B. Mase Spectrometry - 
of Priority Pollutants. Pp.308. ISBN 0-306-40505-9. (Plenum: 1981.) Np. ; 
PAMPLIN, B.R. (ed.) Progress in Crystal Growth and Characterization, Val2, 
Pp.414. ISBN 0-08-026040-3. (Pergamon: 1981.) £4% $112.50. 


PATAKI, L. and ZAPP, E. Basic Analytical Chemistry. Pergamon Series i> < 


Analytical Chemistry, Vol.2. Pp.475. ISBN 0-08-023850.5. (Pergamon: 1980.) 
£15.50, $35. 

QUIN, L. D. The Heterocyclic Chemistry of Phosphorus: Systems Based onthe 
Phosphorus-Carbon Bond. Pp.434. ISBN 0-471-06461-0, (Wiley: 1981.) £27.05, 
$59.50. 

RICHTERICH, R. and COLOMBO, J, P. Clinical Chemistry. Theory, Practice, 
and Interpretation. Pp.766. ISBN 0-471-278092. (Wiley: 1981.) £31.50, $94.50. 

SMITH, R. and JAMES, G. VY. The Sampling of Bulk Materials. Pp.191. ISBN 
0-85186-810-X. (The Royal Society of Chemistry, London: 1981.) £16.50. 

STEINFELD, J. I. (ed.). Laser-Induced Chemical Processes. Pp.273. ISBN 
0-306-40587-3. (Plenum: 1981.) Np. 

WIDOM, J. M. and EDELSTEIN, S5. J. Chemistry. An Introduction to General, 
Organic, and Biological Chemistry. Pp.740. ISBN 0-7967-1224-5. (W. H, Freeman: 
1981.) $22.95, 

ZAHRADNIK, R, and POLAK, R. Elements of Quantum Chemistry. Pp.462. 
ISBN 0-306-31093-7, (Plenum: 1980.) $29.50. 


Technology 


CLARK, A. F. and REED, R. P. (ed). Advances in Cryogenic Engineering 
Materials Vol.26. Proceedings of the 3rd International Conference, the 1979 
Cryogenic Engineering Conference, held at the University of Madison, Wisconsin, 
August 1979. Pp.703. ISBN 0-306-40531-8. (Plenum: 1980.) $59. 

DE SA, A. Principles of Electronic Instrwmentation. Pp.280. ISBN 
0-7131-2799-6. (Edward Arnold, London: 1981.) $9.40. 

POLLOCK, J. R. A. (ed.) Brewing Science, Vol.2. Pp.628. ISBN-12-56100%-4, 
(Academic: 1981.) £41, $98.50. 


Earth Sciences 


DAVIES, P. A. and RUNCORN, S. K. (eds). Mechanisms of Continental Drift 
and Plate Tectonics. Preceedings of a NATO Advanced Study Instutute held at the 
University of Newcastle upon Tyne, March-April, (979. PP.362. Pp.362. ISBN 
0-12-206160-8. (Academic: 1981.) £30 $72. 

ELDER, J. Geothermal Systems, Pp.508. ISBN 0-12-236440-3. (Academic: 
1981.) £20.60, $49.50. 

GRIFFITHS, D. H. and KING, R. F. Applied Geophysics for Geologists and: 
Engineers: The Elements of Geophysical Prospecting. (A 2nd Edn. of Applied. 
Geophysics for Engineers and Geologists.) Pp.230. Hok ISBN 0-08-022071-1; flexi 
ISBN 0-08-02272-X. (Pergamon: 1981.) Hbk £11, $25; flexi £5.30, $82. : 

PANAYIOTOU, A. (ed.). Ophiolites. Proceedings International Ophiolite 
Symposium, Cyprus 1979. Pp.781. (Republic of Cyprus Ministry of Agriculture and 
National Resources Geological Survey Department: 1980.) £15. 

TUCKER, M. E. Sedimentary Petrology. An Introduction. Geoscienve Texts, 
Vol.3. Pp.252. Flexi ISBN 0-632-00072-0. (Blackwell Scientific: 1981.) £8.30. 


Biological Sciences 


ADLERCREUTZ, H. ef al. (eds). Endocrinological Cancer Ovarian Function 
and Disease. Research on Steroids, Vol. IX. Pp. 400. ISBN 90-219-04d4-6. (Excerpta, 
Medica, Amsterdam: 1981.) $78, Df.160. 

ANGELINI, C., DANIELI, G. A. and FONTANARI, D. (eds). Muscular 
Dystrophy Research: Advances and New Trends. Proceedings of an International 
Symposium, Venice, Haly, April 1980. Pp.332. ISEN 90-219-0453-5. (Excerpta 
Medica, Amsterdam; 1980.) $68.25, DTI 140. 

APPLEWHITE, P. B. Molecular Gods. How Molecules Determine our 
Behaviour. Pp.262. ISBN 0-13-599530-2. (Prentice-Hall: 1981.) 510.95. 

BACH, F. H. and GOOD, R. A. (eds). Clinical Immunobiology, Vol.4, Pp. 198. 
ISBN 0-12-070004-2. (Academic: 1980.) $19.30. 

BHASKARAN, G., FRIEDMAN, S. and RODRIGUEZ, J. G. (eds). Current’ 
Topics in Insect Endocrinology and Nutrition. Proceedings of ihe Symposium 
honouring Gottfried $. Fraenkel, the Entomological Society of America, November 
1979, Denver, Colorado. Pp.362. ISBN 6-306-40621-7. (Plenunt: 1981.) $29.50. 

BOLAND, D. J. etal. Eucalyptus Seed. Pp. 191, ISBN 0-643-02586-4, (Division of 
Forest Research, CSIRO, Canberra, Australia: 1980.)318. 

GILLESPIE, J. H.and TIMONEY, J. F. Hagan and Bruner’s Infectious diseases 
of Domestic Animals. With Reference to Etiology, Pathogenicity, Immunity, 
Epidemiology, Diagnosis, and Biologic Therapy. 7th Edn. Pp.85i. ISHN 
0-8014-1333-8. (Cornell University Press: 1981.) $39.50. 

GLOVER, D. M. Genetic Engineering Cloning DNA. Pp.78. Flexi ISBN 
0-412-16170-2. (Chapman & Hall: 1980) £2.45. 

GOLDSPINK, D. F. (ed.) Development and Specialization of Skeletal Muscle. 
Pp.155, Hbk ISBN 0-521-23317-8; pbk ISBN 0-521-29907-1. (Cambridge University 
Press: 1981.) Hbk £18, pbk £8.95. 

GOODERS, J. The Bird Seeker’s Guide. Pp.208, Pok ISBN 0-233-97297-0; pbk 
ISBN 0-233-97380-X.. (André Deutsch: 1981.) Hbk £6.95; Np. 

HARRIS, E. and HARRIS, J. The Guinness Book of Trees. Britain’s Natura! 
ie Pp. 160. ISBN 0-85112-303-1. (Guinness Superlatives, Enfield, Middlesex: 
1981.) £4.50. 
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Awards 
The 1981 recipients of the Harvey Prize of 
the Technion — Israel Institute of 


Technology are Prof. Sir James Lighthill 
(Provost of University College, London, 
UK) receives the Harvey Prize in Science 
and Technology; Prof. Hans W. Kosterlitz 
(Director of the Unit on Addictive Drugs, 
University of Aberdeen, UK) receives the 
Harvey Prize in Human Health. 


The winners of the 1981 General Motors 
Cancer Research Foundation Awards are 
Dr Wallace Prescott Rowe (Chief of the 
Laboratory of Viral Diseases at the 
National Institute of Allergy and 
Infectious Diseases in Bethesda, 
Maryland) for his contributions to 
virology; Dr E. Donnall Thomas (Director 
of Medical Oncology at the Fred 
Hutchinson Cancer Reseach Center in 
Seattle, Washington) for developing bone 
marrow transplantation as a successful 
treatment for acute leukemia and aplastic 
anemia; Dr Cesar Milstein (Medical 
Research Council Laboratory of 
Molecular Biology in Cambridge, UK) for 
developing hybridoma technology; Dr 
Takashi Sugimura, (Director of Tokyo’s 
National Cancer Center Research 
Institute) for identifying possible cancer 
causing substances in our food. 


The Low Temperature Group of the 
Institute of Physics has awarded the Simon 
Memorial Prize to Prof. A. J. Leggett 
(University of Sussex), for work on the 
theory of superfluid *He. 


The Trustees of the Lady Tata Memorial 
Trust have made international awards for 
research in leukaemia to: Dr B. Azzarone 
(Italy), Dr A.D. Crockard (UK), Dr S. 
Venuta (Italy) — renewed awards. Dr H.D. 
Abrams (USA), H.J. Allen (UK) — new 
awards. 


The International Meteorological 
Organization (IMO) Prize, for outstanding 
work in meteorology or operational 
hydrology and international cooperation 
has been awarded to Prof. Bert Bolin 
(Director of the International 
Meteorological Institute, Stockholm). 


The Beit Memorial Fellowships for medical 
research 1981 have been awarded to David 
Leonard Bentley (MRC Laboratory for 
Molecular Biology, Cambridge, UK); 
Stephen Eric Kearsey (MRC Laboratory 
for Molecular Biology, Cambridge, UK); 
David lan Vaney (The Physiological 
Laboratory, Cambridge University, UK); 
John Vincent Priestley (Dept of 
Pharmacology, Oxford University, UK); 
Peter John Richardson (Dept of Clinical 
Biochemistry, University cf Cambridge 
Medical School, New Addenbrooke’s 
Hospital, UK). 


Meetings 

21-22 August, Excitation—Contraction 
Coupling in Skeletal, Cardiac and Smooth 
Muscle, Banff (Dr George B. Frank, Dept 
of Pharmacology, The University of 
Alberta, Edmonton, Alberta, Canada T6G 
H77). 

25-27 August, Life Sciences in the Service 
of Alaska, Fairbanks (Conferences and 
Institutes, The University of Alaska, 
Fairbanks, Alaska 99701, USA). 


2-4 September, Modern Aspects of Phase 
Equilibria, Teesside (Mrs M. Findley, Dept 
of Chemical Engineering, Teesside Poly- 
technic, Borough Rd, Middlesborough, 
Cleveland, UK). 


1-7 September, Fundamentals of Micro- 
processors, London (Course Registrar, 
Bleasdale Computer Systems Ltd, Francis 
St, London 5W1, UK). 


6-12 September, 32nd International 
Astronautical Congress, Rome (Prof. 
Luigi G. Napolitano, International 
Astronautical Federation, 250 Rue Saint- 
Jacques, 75005 Paris, France). 


7 September, Water Quality, London (R. 
Gardam, Thames Water Authority, New 
River Head, Rosebury Avenue, London 
EC1, UK). 

7-8 September, Chemical Aspects of 
Changes in Food on Storage, Norwich (Dr 
R. Fenwick, Society of Chemical Industry, 
Food Group, 14 Belgrave Square, London 
SW1, UK). 

7-10 September, EMAG °81, Cambridge 
(The Institute of Physics, 47 Belgrave 
Square, London SW1, UK). 

7-11 September, Chemistry of 
Carbocations, Bangor (Dr J.F. Gibson, 
The Royal Society of Chemistry, 
Burlington House, London W1, UK). 
7-11 September, An Introduction to 
Hydrometallurgy, Hatfield (D.B. Firth, 
Institution of Chemical Engineers, 12 
Gayfere St, London SWI, UK). 


10-11 September, National Conference on 
Fitness and Aging, Washington DC (U.A. 
Wheaton, President’s Council, 400-6th 
Street S.W. Room 3030, Washington DC 
20201, USA). 

16-18 September, Chemical Engineering 
Education, London (C.J. Bullock, Chemical 
Engineering Dept, Teesside Polytechnic, 
Middlesbrough, Cleveland, UK). 

17-18 September, Regulation of Energy 
Balance, Edinburgh (Dr J.A. Milne, Hill 
Farming Research Organisation, Penicuil, 
Midlothian, UK). 

19-21 September, Teilhard and 
Metamorphosis, Arizona, (Arcosanti 
Events, 6433 Doubletree Rd, Scottsdale, 
Arizona 85253, USA). 

22 September, Autonomic Nerves of the 
Gut, London (Dr M. Daly, Glaxo Group 
Research Ltd, Ware, Herts, UK). 


22-24 September, Royal Society of 
Chemistry Autumn Meeting, Leeds (Dr 
J.F. Gibson, The Royal Society of 
Chemistry, Burlington House, London 
W1, UK). 

23 September, Information Meeting for 
Nature Protection Societies from the Euro- 
pean Community, Brussels (Ms J. White, 
EEB,31 rue Vautier, B-1040 Bruxelles, 
Belgium). 

23-25 September, Wave and Tidal Power, 
Cambridge (Conference Organiser, Wave 
and Tidal Energy, BHRA Fluid 
Engineering, Cranfield, Bedford, UK). 


24-25 September, Platinum Group and 
Gold Mineralization, Uitramafic Rocks, 
and Zeolites, Manchester (Dr C.M.B. 
Henderson, Dept of Geology, The 
University, Manchester, UK). 

24-25 September, The World Conservation 
Strategy and the European Communities, 
Brussels (Ms J. White, EEB, 31 rue 
Vautier, B-1040 Bruxelles, Belgium). 
25-28 September, Eocene and Oligocene of 
the Isle of Wight, Sandown (Dr A.N. 
Insole, Museum of Isle of Wight Geology, 
Sandown Library, High St, Sandown, Isle 
of Wight, UK). 

28 September — 2 October, Annual 
Meeting European Society of Nuclear 
Methods in Agriculture, Aberdeen (Mr 
A.H. Knight, Macaulay Institute for Soil 
Research, Craigiebuckler, Aberdeen, UK). 


28 September — 2 October, Dynamics of 
Turbid Coastal Environments, Nova 
Scotia (D.C. Gordon, Marine Ecology 
Laboratory, Bedford Institute of 
Oceanography, PO Box 1006, Dartmouth, 
Nova Scotia, Canada B2Y 4A2). 


28 September-17 October, New 
Approaches to Plant Genetics and 
Breeding, Peking (Dr O.L. Gamborg, 
International Plant Research Institute, 887 
Industrial Rd, San Carlos, California 
94070, USA). i 

29 September, Gas Cyclones, London (Mrs 
E.H. Edwards, Institution of Chemical 
Engineers, 12 Gayfere St, London SWI, 
UK). 

30 September — 2 October, Deburring ’81, 
New Orleans (J. Slaughter, Technical 
Activities Dept, Society of Manufacturing 
Engineers, | SME Drive, PO Box 930, 
Dearborn, Michigan 48128, USA). 


2-3 October, 21st Anniversary Meeting of 
Radiologists, Dublin (Miss A. Daly, 
Faculty of Radiologists, Royal College of 
Surgeons in Ireland, 123 St Stephens 
Green, Dublin 2, Ireland). 


5-7 October, Wind Energy Conference and 
Workshop, Washington (Conferences 
Group, SERI, 1617 Cole Boulevard, 
Golden, Colorado 80401, USA). 

5-8 October, Pollution Control, Brighton 
(NSCA, 136 North St, Brighton, Sussex, 
UK). 





The Mammals of North America 


2nd Edition, Vol. 1, Vol. 2, and Set 


by E. Raymond Hall, Museum of Natural History, University of Kansas 





0471 054437 688 pages 
0471 054445 624 pages 
0471 055956 1386 pages 


Quality Control in Analytical Chemistry 


by G. Kateman and F.W. Pijpers, both of Department of 
Analytical Chemistry, Catholic University of Nijmegen, The 


Netherlands 
May 1981 276 pages 
0471 46020 6 $53.50/£25.00 


Progress in Macrocyclic Chemistry, Vol. 2 


edited by R.M. izatt and |.J.Christensen, both of Brigham 
Young University 


April 1981 336 pages 
047105178 0 $66.80/£31.85 
Photoselective Chemistry, 

Parts 1 and 2 

edited by J. Jortner, Tel-Aviv University, 

R. Levine, Hebrew University of Jerusalem 

April 1981 704 pages 
0471 06275 8 (Part 1) $106.80/£50.90 
0471 06274 X (Part 2} $93.50/£44.55 


Progress in Inorganic Chemistry, Vol. 28 
edited by $J. Lippard, Columbia University 

April 1981 
0471 08310 0 


472 pages 
$60.00/£28.60 








Patty’s Industrial Hygiene and Toxicology, 
Val. 2A: Toxicology, 3rd Revised Edition 

edited by G.D. Clayton and F.E. Clayton, both of Clayton 
Environmental Consultants, inc. (retired) 
April 1981 

0471-16042 3 





1430 pages 
$133.00/£63.35 


A complete update of this monumental reference, with summaries of the latest taxonomical studies of North American native 
mammals of the post-Columbian period makes this two-volume encyclopedia an incomparable guide to the more than 3,600 
named mammals inhabiting the region from Greenland to Panama. It contains 546 original maps, 634 drawings of skulls, 187 
drawings of typical mammals, detailed measurements, and brief comparisons of closely related species. 


NEW YORK: CHICHESTER 
BRISBANE : TORONTO 






















April 1981 (Vol. 1) $59.85/£28.50 
April 1981 (Vol. 3 $59.85/£28.50 
June 1981 {Set} $106.40/ £5075 


Living Nutrition, 3rd Ed. 
by F.J. Stare, Harvard University, 
and M. McWilliams, California State University, Los Angeles 


February 1981 588 pages 
0471 04940 9 $27 457 E14 45 


Membrane Structure and Function, Vol. 4 
edited by EE, Bittar, University of Wisconsin, Madison 

April 1981 256 pages 
0471 08774 2 $50.00/ £23.85 


Elementary Mathematical Ecology 
by J. Vandermeer, University of Michigan 
May 1981 

0477 08131 0 


288 pages. 
$43.50 £20.75 


Handbook of Clinical Neuropsychology 
edited by SB. Filskov, University of South Florida, 

and T.J. Boll, University of Virginia Medical Center 

March 1981 
0471 04802 X 


826 pages 
$43.75/£23.05 






Hospital Infection Control: 
Principles and Practice 

by Mary Castle, formerly instructor of Medicine, University of 
Colorado 
November 1980 
0471 05395 3 










268 pages 
$25.70/1173.30 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 
AND CHEMISTRY 
GRADUATE RESEARCH 
ASSISTANT 


Applications are invited for a 
graduate research assistant to work 
with Dr K R Bruckdorfer on the 
distribution of cholesterol in and 
between cell membranes. The post, 
which is supported by the SERC, is 
on Scale 1B. 


. Further particulars may be 
obtained from the School Secretary, 
Royal Free Hospital School of 
‘Medicine, 8 Hunter Street, London 
WCIN IBP (telephone 01-837 5385 
ext. 54), to whom applications with 
curriculum vitae and the names of 
two referees should be sent by 24 July 
1981. Please quote ref. SRC/B. 

(90244 








CLEVELAND 
CHIROPRACTIC COLLEGE 


FACULTY POSITION 
IN ANATOMY 


Full time faculty position is available 
in the Department of Anatomy 
beginning in October, 1981. 
Principal responsibilities include 
lectures and laboratories in Gross 
Anatomy, Histology, and 
Embryology. 


Applicants must hold the PhD or 
masters degree in the specific 
discipline and have a strong commit- 
tment to teaching. 


Send curriculum vitae and names 
of three references by August 1, 1981 
to: Director of Basic Science, 
Cleveland Chiropractic College, 6401 
Rockhill Road, Kansas City, 
Missouri 64131 (NW739)A 












INSTITUTE OF CANCER 
Research: A post-doctoral post is 
available for a period of three years in 
the Division of Cell and Molecular 
Biology, Chester Beatty Research 
Institute, Fulham Road, SW3, 
(Head, Dr R A Weiss). The project 
involves the study of the genetics of 
neoplastic transformation using 
cellular and molecular genetic 
techniques. Experience in somatic 
cell genetics, cell biology or mole- 
cular genetics would be advantageous 
although not essential. Starting 
salary in range £6,070 to £6,880 pa 
plus London Allowance of £967 pa. 
Further information may be obtained 
from Dr C J Marshall, Tel: 01-352 
8133, ext 262. Applications in 
duplicate with the names of two 
referees to the Secretary, Institute of 
Cancer Research, 34 Sumner Place, 
London SW7 3NU, quoting ref 
300/G/5. (8997)A 








WASHINGTON STATE 
UNIVERSITY 


FACULTY FOR INSTITUTE 
OF BIOLOGICAL 
CHEMISTRY 


An outstanding scientist is being 
sought to fill a permanent faculty 
position in the Institute. This person 
will be expected to conduct a vigorous 
research program in biological 
chemistry relevant to agriculture and 
participate in graduate teaching, 
Salary and rank are open to negotia- 
tion. Review begins September 1, 
1981. 


Send nominations and appli- 
cations, including a curriculum vitae, 
a short description of research goals 
and a list of three or more references 
to P E Kolattukudy, Director, 
Institute of Biological Chemistry, 
Washington State University, 
Pullman, Washington 99164. 


Washington State University is an 
equal opportunity/affirmative 





E action employer. (NW735)A 
Tring Museum, Hertfordshire 
ithologist 
Ornithologis oer 
RESEARCH COUNCIL 
The Tring Meseum contains the Candidates, normally aged under 32, MOLECULAR GENETICIST 


should have a 1st or 2nd class honours 
degree in Zoology or Biology and at least 4 
years postgraduate experience in 
ornithology. 


ornithological collections of the British 
Museum (Natural History), made up of 
skins, skeletons, eggs, nests and liquid- 
preserved specimens. Each of these classes 
of material serves different research needs 
and presents different curatorial problems. 


required in the Biochemistry 
Department to join a newly- 
established team that will apply 
recombinant DNA techniques to the 
programme of research into in- 
fectious diseases of farm animals. 
Appointment will be at Higher 
Scientific Officer (Salary Scale 
£6,075 to £7,999 per annum) or 
Senior Scentific Officer (Salary 
£7,644 to £9,619 per annum) level. 
(Currently under review). 


Qualifications required are a ist or 
Upper 2nd class honours degree in 
Biochemistry, Microbiology or 
related subject, together with (at 
HSO level) at least 2 years’ and (at 


Appointment as Senior Scientific Officer 
£7,640 — £9,615 (salaries under review) with 
starting salary according to qualifications 
and experience. 


This is a new appointment, created to 
ensure long term continuity in the output of 
high quality research. The successful 
candidate will carry out research in 
the broad field of avian systematics 
and evolution, and will plan and 
develop long term innovatory 
programmes, combining 
conventional techniques with 


For futher details and application 

form (to be returned by 31 July 

1981) write to Civil Service 

"a`? Commission, Alencon 

Link, Basingstoke, 
Hants RG21 1JB, or 
telephone Basingstoke 
















new ones such as (0256) 68551 SSO level) at least 4 years’ post- 
computer studies and (answering service graduate research experience in a 
biochemical analysis. operates outside relevant area of molecular biology or 


genetics. 


Non-conitributory pension scheme. 
Pleasant working conditions in rural 
environment. Hostel accommoda- 
tion available for single person. 


Application forms from the 
Secretary, Institute for Research on 
Animal Diseases, Compton, New- 
bury, Berks RG16 ONN quoting ref: 
467. Closing date: 24/7/81. 

(9018)A 


There will be 
opportunities for field 
work, both in the UK 
and overseas. 


office hours). 
Please quote ref: 
SB/68/DK. 
{9017)A 


British Museum 29 (Natural History) 
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POLYTECHNIC OF 
CENTRAL LONDON 
School of Engineering 
and Science 
Division of Life Sciences 
LECTURER IN 
MARINE BIOLOGY 
(3 year contract post from 
1 September, 1981) 
Applications are invited from 
suitably qualified candidates for the 
post of Lecturer Il in Marine 
Biology. The successful candidate 
will be expected to teach both basic 
and applied aspects of marine 
biology in undergraduate and 
postgraduate courses. A good 
background in biological sciences is 
desirable as some general 
undergraduate teaching in biology 

is also required. 

Candidates should possess a good 
Honours degreee and preferably a 
higher degree. An active interest in 
research and proven research 
ability would be a recomendation. 

Salary: on scale £7,221 — £11,190 
p.a. inclusive of London 
Allowance. 

Application forms and further 
details can be obtained from The 
Establishment Officer, The Poly- 
technic of Central London, 309 
Regent St, London WIR 8AL. 
(Tel: 01-580 2020 ext. 212). Closing 
date: 29 July 1981. (9006) A 





THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from 
uitably qualified persons for 
ippointment to the following 
yositions: 
RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 
DEPARTMENT OF NEUROBIOLOGY 


RESEARCH FELLOW/ 
SENIOR RESEARCH 
FELLOW 


Applicants should have experience in 
Neurobiology, with preference to- 
vards vision or analysis of arthropod 
‘entral nervous system. Closing date: 
12 August 1981. 


Term of appointment for Research 
*ellow Senior Research Fellow up to 
hree years with the possibility of 
‘xtension to five years. 


Salary an appointment will be in 
iccordance with qualifications and 
xperience within the ranges: 
Research Fellow $A19,821 — 
jA25,871 p.a.; Senior Research 
*ellow $A27,684 — $A33,021 p.a. 
Turrent exchange rate: $Al = 
JK£0.54NP. 


Reasonable travel expenses are 
yaid and assistance with housing is 
tiven for an appointee from outside 
canberra. Superannuation benefits 
ire available from applicants eligible 
œ contribute. The University 
‘eserves the right not to make an ap- 
sointment or to make an appoint- 
nent by invitation at any time. 


Prospective applicants should 
»btain the further particulars from 
he Registrar, PO Box 4, Canberra 
ACT 2600, Australia, or from the 
Association of Commonwealth Uni- 
rersities (Appts), 36 Gordon Square, 
„ondon WCIH OPF before 
ubmitting. (9039) A 











rere 


where appropriate. 


Please send a detailed curriculum vitae quoting ref WRL/ 132 to 


HEAD OF 


PARASITOLOGY 
DEPARTMENT 


A senior appointment 
for a leading Biochemist 


The Welicome Research Laboratories at Beckenham in Kent is the main centre for the 
Research activities of the Wellcome Foundation Limited — the British basec:parent company 
of an international organisation concerned with pharmaceutical and biological products. 

The Parasitology Department numbers some 40 people including 10 Scientists and is 
concerned with basic research, biological screening and drug develapmentin fields relevant 
to hurnan and veterinary medicine. The department is part of the experimental biology 
division which is also concerned with research into molecular biology and immunology. 

Our need is for a Scientist with substantial experience of the biochemistry of parasites — 
preferably in relation to their chemotherapy. He or she must possess a record of personal 
research achievement and demonstrate the ability to direct research in this field. 

For this important post, we offer a substantial salary which will fully reflect the 
responsibility of the role plus a valuable range of fringe benefits including § weeks holiday, 
pension and sick pay schemes and assistance with relocation to the London or Kent area, 


The Pesonnel Manager, The Wellcome Research Laboratories, 
Langley Court, Beckenham, Kent BR338S. 





POSTDOCTORAL 
POSITION 


available. Research on hepatic 
microsomal electron transport and 
fatty acid elongation and 
desaturation. 


Contact: Dr Dominick L Cinti, 
University of Connecticut Health 
Center, Department of 
Pharmacology, Farmington CT 


An Affirmative Action/Equal 
Opportunity Employer. (NW734)A 


UNIVERSITY 
OF DURHAM 


DEPARTMENT OF 
i CHEMISTRY 
Picosecond pulsed raman 
studies of adsorbates 
Applications are invited, 
chemists or physicists, 
postdoctoral 
SENIOR RESEARCH 
ASSISTANT 
for three years from as soon as 
possible, to study the applications of 
picosecond pulsed lasers in obtaining 
Raman spectra of strongly 
fluorescing adsorbed species or 
adsorbents. This is a new technique 
and a new picosecond laser system 
will be available. Some experience is 
lasers is desirable. 


Initial salary in the range £6,070 to 
£6,880 on Range IA plus 
superannuation. 


from 
for a 


Applications (3 copies) naming 
three referees should be sent by 31 
July, 1981 to the Registrar and 
Secretary, Science Laboratories, 
South Road, Durham DHI 3LE, 
from whom further particulars are 
available. Q055)A 





POSITION of ‘‘Full Professor of 
Physical Chemistry” is open at the 
Technical University of Graz 
(succession Prof. Dr. Karl Torkar). 
Applicants (German speaking) 
should submit their résumé by 
October 31, 1981 to Dean, Technisch- 
Naturwissenschaftliche Fakultat, 
Technische Universitat, Graz, 
Petersgasse 16, A-8010 Graz 
(Austria). (W376)A 


BROCK UNIVERSITY 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 


GENETICIST 


Tenure stream position in the 
Department of Biological Sciences, 
Brock University, at the Assistant 
Professor level is available from 
January 1, 1982 or earlier. The 
appointee will be expected to teach 
molecular, transmission and 
population genetics at the under- 
graduate level, to develop an 
independently funded strong 
research program, to supervise 
graduate students and to interact 
with the faculty over several levels of 
biological organization. Although 
specific research speciality is open, 
research areas of particular interest 
include microbial genetics, 
eucaryotic genetics (including 
mammalian molecular genetics) and 
population genetics. Canadian appli- 
cants will be considered first. 


Submit complete curriculum vitae 
by October 31, 1981, with astatement 
of research and teaching experience, 
reprints of published papers, names 
of three referees to Dr M S Manocha, 
Chairman, Department of Biological 
Science, Brock University, St 
Catharines, Ontario, Canada L2S 
3Al. (NW733)A 


| 
| 
| 
| 

























(9049) 





Wellcome 


POSTDOCTORAL POSITION — 
Enzyme mechanisms and models, 
design of transition state analog 
inhibitors. Candidate should have 
experience in two of the following: 
enzyme purification, immunology 
and organic synthesis. R V 
Wolfenden, Dept of Biochemistry, 
University of North Carolina, 
Chapel Hill, NC 27514. UNC is an 
equal opportunity/affirmative 
action employer. (NW742)A. 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

DEPARTMENT OF MICROBIOLOGY, 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Required for an SERC-funded pro- 
ject tenable for three years which 
involves an investigation of the 
reactions of bacterial cytochrome 
oxidases with oxygen and other 
ligands using low temperature duals 
wavelength and flash photolysis tch- 
niques. Applicants should be recently 
qualified PhD graduates. Previous 
research experience in bicenergetics, 
microbial biochemistry and/or 
enzymology would be advantageous, 
but not essential. 


Starting salary: £7,073, inclusive 
of London Weighting. Starting Date: 
1 October 1981, or as soon as possible 
thereafter. 


Further details can be obtained 
from Dr R K Poole, Department of 
Microbiology. Applicants should 
send a curriculum vitae and names of 
two referees to Mrs J Staight, Queen 
Elizabet College, Campden Hill Rd, 
Kensington, London W8 JAH. 

GOA 

























THE UNIVERSITY 
OF ADELAIDE 


WAITE AGRICULTURAL 
RESEARCH INSTITUTE 
invites applications for a 
LECTURER 
(LIMITED TERM) 
(S8481) 


in the Department of Agronomy for 
up to two years from 1 January 1982 
to undertake research and to lecture 
in aspects of crop physiology/ 
agronomy. Preference will be given 
to applicants with a field orientation 
and who would interact with present 
staff undertaking research in crop 
physiology, crop nutrition, pasture 
utilization and plant breeding. Appli- 
cants with interests in grain legumes, 
continuous cropping, minimum til- 
lage or use of agricultural chemicals 
are encouraged to apply. 


Further enquiries about the duties 
attached to the position may be 
directed to Professor C J Driscoll, 
Department of Agronomy, Private 
Bag, Glen Osmond, South Australia 
5064. 


Salary: Lecturer $A19,182 x 7 — 
$A26,037 with optional superannu- 
ation provision. 


The Conditions attached to the 
appointment may be obtained from 
the Registrar. 


Applications, in duplicate, giving 
full personal particulars, details of 
academic qualifications, {including 
citizenship) and names and addresses 
of two or three referees, should reach 
the Registrar of the University, GPO 
Box 498, Adelaide, South Australia, 
5001 not later than 15 August 1981. 

(9036)A 





Surrey 


As one of the U.K.’s largest and best-known perfumery and cosmetics 
companies, Lentheric Mornay's extensive range of popular products has a 
considerable weight of research, testing and analysis behind it. 


Our well-equipped microbiological laboratory makes a considerable — and 
continuous — contribution to these investigations, and we are currently looking 
for a qualified man or woman with appropriate industrial experience to assume 
responsibility for all routine aspects of sampling and analaysis associated with 
microbiology. In addition the Microbiologist will undertake ad hoc assignments 
in close liaison with our Research and Development, Marketing and Production 
departments, especially challenge testing for all new products. 


Facilities at our centralised premises are first class, and you will enjoy a 
competitive salary together with a full range of benefits including pension 
scheme and the use of our subsidised canteen and staff shop. 


To find out more contact Paul O'Bryan, Personnel Department, 
Lentheric Morny Limited, Vale Road, Camberley, Surrey. 
Tel: Camberley 62181. 


LENTHERIC MORNY: 


UNIVERSITY OF 
BRISTOL 
DEPARTMENT OF BIOCHEMISTRY 
SRC supported 
POST-DOCTORAL 
RESEARCH ASSISTANT 


to work on characterisation of the 
light requiring enzyme NADPH:Pro- 
tochlorophyllide oxidoreductase. Ex- 
perience in protein purification and 
sequencing or DNA isolation and 
characterisation desirable but not 
essential. Post to commence Ist 
September, 1981. 


Details from Dr W T Griffiths, 
Department of Biochemistry, Uni- 
versity of Bristol BS8 IDT. (9020A. 


THE UNIVERSITY 
OF MANCHESTER 
FOETAL EPITHELIAL 
PHYSIOLOGY 
Applications are invited for the post of 


TEMPORARY LECTURER 


held jointly between the Departments 
of Physiology and Child Health. Re- 
search will be on ion transfer across 
the placenta mainly in sheep or pigs. 
Teaching duties will be in the 
Department of Physiology. This is a 
new venture and the initial 
appointment will be for a term of 
three years. The possibility exists for 
the appointment to be made sub- 
stantive if the joint appointment is a 
success. Initial salary range pa: 
£6,070 — £7,290. 


Particulars and application forms 
(returnable by September Ist) from 
the Registrar, The University, 
Manchester M13 9PL. Quote ref. 
127/81/N. (9004) A 


Apply Your 
Microbiological Expertise 
in Cosmetics 





9025)A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF HISTOLOGY & 
CELL BIOLOGY 
TECHNICIAN (GRADE 3) 


to assist with a research project. 
Work concerns cell biology, 
primarily preparing material for 
electron microscopy. Minimum 
qualifications ONC, but might suit 
graduates in an appropriate 
discipline. 

The post is available for 
approximately 18 months. Salary ina 
range £4,672 — £5,473 per annum. 


Application forms available from 
the Registrar, The University, PO 
Box 147, Liverpool L69 3BX. Quote 
Ref. RV/842/N. (9023)A 


UNIVERSITY 
OF LONDON 
Institute of Obstetrics 
and Gynaecology 


A vacancy exists fora 
RESEARCH ASSISTANT 
with Biochemical training or 
experience, for a project on placental 
transfer and metabolism of amino 
acids in relation to normal and 

abnormal foetal! growth. 


The starting salary on the 1B scale 
will be £5,285 plus £969 London 
Allowance. 


Applications, with CV and the 
names of 2 referees to: Dr DL 
Bloxam, Institute of Obstetrics and 
Gynaecology, Queen Charlotte's 
Maternity Hospital, Goldhawk 
Road, London W60XG. (9007)A 
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THE UNIVERSITY OF 
SHEFFIELD 
DEPARTMENT OF 
MICROBIOLOGY 
LECTURESHIP 
Applications are invited from men 
and women for a Lectureship in 
Microbiology, financed initially by 
the SRC under their Special 
Replacement Scheme. Conditions 
of service, including probation and 
tenure, .as for other University 

lectureships. 


Initial salary up to £7,290 a year on 
scale rising to £12,860 a year. 
Expected age of candidate would 
be up to 27 years but older 
candidates not precluded. 


Starting date will be as early as can 
be arranged. The successful 
candidate will be expected to fulfil 
all the normal duties of a lecturer 
and to have an enthusiastic 
commitment to research. 


Preference to candidates with 
experience in molecular biology or 
microbial genetics. 


Further details available from 
the Registrar and Secretary, the 
University, Sheffield S10 2TN, 
to whom applications 
(including) curriculum vitae, 
publication list, teaching 
experience, research interests 
and three referees) should be 
sent by 31 July 1981. Quote ref: 
R604/G. (9044)A 





UNIVERSITY 
OF NOTTINGHAM 


FACULTY OF 
AGRICULTURAL SCIENCE 


RESEARCH ASSISTANT IN 
APPLIED PHYSICS 


Applications are invited for i 
Research Assistant to work in the 
Food Science laboratories or 
techniques for measuring thi 
viscosity of food and biopolyme: 
systems at high temperatures. Thi: 
will be a challenging project in whict 
there is considerable industria 
interest. 


The post, which is funded by tht 
SRC will be available for a three yea: 
period. There will be an opportunits 
to register for a higher degree. 


Applicants should possess or hop: 
to obtain a degree in Physics o: 
Chemical Engineering. 


The salary will be in the rangt 
£5,285 to £6,070. Application: 
including a curriculum vitae and tht 
names and addresses of two referee: 
should be sent to Dr J R Mitchell 
Food Science Section, Dept o 
Applied Biochemistry and Nutrition 
School of Agriculture, Suttor 
Bonington, Nr Loughborough. 

(9048)A 


| P 
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f- these advertisements 








Director, Research& Development 


Consider this unique opportunity to apply—and develop—your expertise with an exciting 
and growing company in biomedical research, development and production. 








You'll provide creative and organizational direction to biochemistry, biology and bio- 
engineering groups conducting a wide variety of research and development activities in 
support of the creation of collagen-based medical products. You and your organization 
will explore the fields of cell biology, extracellular matrix biochemistry and mitogen 
physiology with the ultimate business goal of developing products used in repairing, 
replacing or regenerating human body tissue. 


To accomplish these ambitious goals you'll provide direction to the development of 
unique biomaterials, analytical test methods and instruments which will lead to a wide 
range of product candidates. You will be expected to maintain a continuing relationship 
with the scientific community through the generation and presentation of technical 
papers, and to direct an active program designed to produce invention reports. 


The ideal candidate is expected to be a well published scientist with the ability to inspire 
and maintain scientific excellence. An important requirement is a PhD in biochemistry 
or biology or an MD with a research orientation. Approximately ten years of related 
experience including research managerial assignments is required. Experience with 
protein biochemistry, cell biology or immunology is highly desirable. 





We offer an exciting and creative environment and our salary and benefits are highly 
competitive. We are confident you will also find our equity participation program attrac- 
tive. 

7 ; k ` ; 5 Tol 1 aion 
For consideration please submit a comprehensive resume to Dr. Bruce Pharriss, Vice colagen eg a 
President, Scientific Affairs, Attn: Department D, Collagen Corporation, 2455 Faber 





Place, Palo Alto, CA 94304. An affirmative action employer. 





THE 
UNIVERSITY 
OF LEEDS 


DEPARTMENT OF PLANT 
SCIENCES 


Applications are invited for a post of 


POSTDOCTORAL 
RESEARCH 
FELLOW 


1 the Department of Plant Sciences 
or work on the isolation and 
haracterization of fertilization 
eceptors from marine algal gametes. 
ixperience in immunological tech- 
igues will be a particular advantage. 
‘he appointment will be made for a 
ixed period of up to one year and six 
10nths, 


Applicants should have, or shortly 
xpect to receive, a PhD, preferably 
x the area of cell surface bio- 
hemistry (plants or animals). 


Salary. within the range £6,070 — 
7,290 on the IA scale for Research 
nd Analogous Staff. 


Informal enquiries may be made to 
X L V Evans or Dr J A Callow 
'eephone 0532 31751 ext. 6576 or 

). 


Application forms and further 
sarticulars may be obtained from the 
tegistrar, The University, Leeds L52 
JT, quoting reference number $3/ 
7/D. Closing date for applications 
O July 1981. (WIHA 





University of Edinburgh 
RESEARCH TECHNICIAN 
required to work in the Department 
of Molecular Biology, Kings 


Buildings, on a project concerning 
the molecular genetics of insertion 
sequences in bacterial plasmids. An 
HNC or equivalent qualification in 
an appropriate subject is required. 


Salary on scale £5,695 — £6,650. 
Appointment to take effect from 
September 1981 for a period of up 
to three years. Ref: NT794. 
Application forms may be obtained 
from the Personnel Office, Univer- 
sity of Edinburgh, 63 South Bridge, 
Edinburgh EH1 1LS. Tel: 031-556 
2930. (9030)A 








ROYAL FREE HOSPITAL 
POST DOCTORAL FELLOW 
Salary on scale: 
£6,472 — £10,562 p.a. inc. 
Applications required from 
biochemists to work on DNA 
synthesis associated with 

leukaemia research. 
The appointment is for a post- 
doctoral fellow for one year in the 
first instance, which may be 
extended to three years. 
Applicants should apply in writing 
to Professor A. V. Hoffbrand, 
Department of Haematology, 
Royal Free Hospital, Pond Street, 
Hampstead, London NW3. 
(9005) 








ARMAGH OBSERVATORY 
Armagh, Northern Ireland 


Applications are invited for the post of 
RESEARCH ASTRONOMER 
tenable from ist January, 1982. 


Salary will be at an appropriate 
point on the University Lecturers’ 
scale £6,070 to £12,860 pa according 
to qualifications and experience. 


Applications stating qualifica- 
tions, publications, research 
proposals, and names of three 
referees should be received not later 
than October 31, 1981 by the 
Secretary, Armagh Observatory, 
Armagh BT61 9DG, N Ireland, from 
whom further particulars may be 
obtained. (8994) A 





JUNIOR MEDICAL 
LABORATORY SCIENTIFIC 
OFFICER 


required to start in September in 
busy, small histological research 
laboratory. Ideal post for school 
leaver wishing to embark on career in 
medical laboratory technology. In 
addition to histology, varied duties 
include photography, illustrations, 
filing and general laboratory 
running. Day release granted for 
relevant studies. Minimum 
requirements: English, Maths and 2 
relevant sciences at GCE ‘O’ levels. 


Application forms from Secretary, 
Cardiothoracic Institute, Fulham 
Road, London SW3 6HP. (Tel: 
01-352 8121 Ext. 4164). 

(SO09)A. 








INWRGA 





POSTDOCTORAL INDIVIDUAL 
with cel! biological and biophysical 
interests for work on cellular factors 
controlling translational mobility of 
molecules on surfaces and/or within 
the cytoplasm of living cells. The 
work will involve the following . 
techniques: fluorescence, recovery. 
after photobleaching (FRAP or 

FPR), fluorescence microscopy and 

image analysis, and biochemicaland 
cell biological methods. Contact; Dr 
Ken Jacebson, Laboratories for Cell. 
Biology, Department of Anatomy, 
University of North Carolina, - 
Chapel Hill, NC 27514. Tel 919-966. ~ 
5703. An Equal Opportunity’ 
Affirmative Action Employer, : 
(NWI4D4 


SCHOOL OF MEDICINE 
(University of London) 
A TECHNICIAN 


is required to work in the Academic 
Department of Surgery in the Royal 
Free Hespital at Hampstead. The 
successful candidate will assist with 
teaching duties and research work 
and experience of biochemistry or 
tissue culture would be essential. 
Qualifications: HNC or Degree. 


Salary. on scale £5,204 --- £7,124 
inclusive (under review). 34 days 
leave including public and customary 
days. 37 hour week. 


Application forms (and further 
particulers) are available from the 
School Secretary, RFHSM, 8 Hunter 
Street, London WCIN IBP or 
telephone 01-837 5385 ext. 10. 
Closing cate: 24 July 1981. Reference 
T/S. GOIDA 
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Attention: Biomedical Researchers 


FUNDING HELP 
OFFERED 


We represent major pharmaceutical companies 

willing, under certain circumstances, to pro- 

vide three kinds of funding for promising bio- 
medical innovations: 

1) Development funding. Provided in return 
for an option to purchase or right of first 
refusal. 

2) Marketing funding. Provided under a suit- 
able licensing / royalty agreement. 

3) Venture capital. Provided under highly selec- 
tive, special conditions. 


PRI serves as a clearing house for these compa- 
nies, evaluating innovations on their behalf and 
recommending those we consider worthy of 
action. The companies pay our fees; there are no 
fees charged to innovation sources. 


For full details, please write Marion C. Gold, 
Product Resources International, Inc., 800 
Third Avenue, New York, New York 10022. 
Make no disclosures (except for issued patents) 
until you have read the material. 

(NW730)A 








City Hospital 


SENIOR CYTOGENETICIST 10. 
BASIC GRADE CYTOGENETICIST 


Full-time. 


The above appointments are in the South-Trent Sub-Regional Cytogenetics Service 
currently housed in the Maternity Unit at the City Hospital, Nottingham, but will 
shortly be moving to more extensive accommodation on the same site. 


The successful applicants will be expected to share in all standard laboratory 
procedures including culturing, harvesting, slide making, staining and appropriate 
analysis of preparations from blood, amnistic fluid, bone marrow and other tissues. 
The diagnostic workload is heavy but it is hoped that, with these two new 
appointments all members of staff will heve some time for personal work. One post 
is available immediately and one from tst October, 1981. 


For the Senior Grade post, preference will be given to those candidates with a wide 
range of experience in diagnostic chromosome analysis. 


For the Basic Grade post, a graduate with a reasonable degree in one of the 
Biological Sciences is required Preference will be given to candidates whose degree 
course or postgraduate work includes a large Genetics component and/or tissue 
culture experience, 

Further information about these posts can be obtained by ringing Or Pat Cooke 
on Nottingham (0602) 608111 Extension 2785 or by visiting the Department. 
Application forms are available from Personnel Services, Valebrook House, 
Sherwood Hospital, Hucknall Road, Nettingham. Tel: (0602) 625459 anytime. 


Closing date: 30th July, 1981. (9040)A 


NORTH NOTTINGHAM HEALTH DISTRICT(T) 
































UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF 
VETERINARY ANATOMY 
Re-advertisement 
Applications are 
invited for the post of 
RESEARCH ASSOCIATE 
in the Department of Veterinary 
Anatomy to work onan ARC funded 
project on postnatal muscle develop- 
ment in the pig. The project is for 
aree years starting on Ist September, 

1. 


Applicants should have a good 
degree in Veterinary Medicine, 
Zoology, Agriculture or a related 
subject. The successful applicant will 
have the opportunity to register for a 
higher degree. 


Applications, before 24th July 
1981, together with a curriculum 
vitae and the names of two referees, 
should be sent to Dr N C Stickland, 
Department of Anatomy, Royal 
(Dick) School of Veterinary Studies, 
Edinburgh EH9 1QH, from whom 
further particulars may be obtained. 
Please quote Reference 5022. 

(9041) A 
















POSTDOCTORAL POSITIONS 
AVAILABLE 
Research on hepatic microsomal 
electron transport, active oxygen in 
microsomal reactions, and hepatic 
cytochrome P-450 mechanism of 

action. 

Contact: Dr. John B. Schenkman, 
University of Connecticut Health 
Center, Pharmacology Department, 
Farmington, Conn, 06032. An 
Affirmative Action/Equal Opport- 
unity Employer. NW729)A 











KING’S COLLEGE 
London 


DEPARTMENT OF 
BIOPHYSICS 


POSTDOCTORAL 
RESEARCH ASSISTANTS 


1) Biochemist with experience in 
nucleic acid and protein chemistry or 
enzymology to study the mechanism 
of chromatin transcription in vitro. 
Post tenable for 2 years from 
1 September 1981. Salary in the range 
£6,070 to £8,515 plus £967 London 
allowance. USS. 


2} Cell Biologist or Biochemist 
with experience in tissue culture and 
recombinant DNA techniques to 
study the structure and expression of 
cloned genes in eukaryotic cells. Post 
tenable for 2 years from 1 September 
1981. Salary in the range £6,070 to 
£9,335 plus £967 London allowance, 
USS. 


Please reply as soon as possible, 
with a curriculum vitae and the names 
and addresses of two referees, to Dr 
H J Gould, Department of 
Biophysics, King's College, 26-29 
Drury Lane, London WC2B 5RL. 

(05DA 


THE UNIVERSITY 
OF AUCKLAND 
New Zealand 


COMPUTER SCIENCE — 
ASSOCIATE 
PROFESSORSHIP 
Closing Date: 4th September 1981 


Applicants must be suitably qualifie 
with a higher degree in Compute 
Science or a closely allied subject an 
have had considerable research an 
teaching experience. Application 
from those qualified to teac 
Computer Architecture, Operatin 
Systems or Data Base Managemen 
Systems will be particularly welcome 


Present salary scales: Senio 
Lecturers NZ$24,110 — $27,589 pe 
annum. Conditions of Appointmer 
and Method of Application are avai! 
able from the Assistant Registra 
(Academic Appointments), Univer 
sity of Auckland, or from the Associ 
ation of Commonwealth Universitie 
(Appts.), 36 Gordon Square, Londo 
WCIH OPF. Applications, in accor 
dance with ‘Method of Applicatior 
should be forwarded as soon a 
possible, but not later than th 
closing dates stated. (9037)A 








MLSO specialising in Microbiology 
required in the Aerobiology Unit 
Cardiothoracic Institute, Brompto! 
Hospital, Frimley, Surrey. Wor! 
involves investigation of occupa 
tional hazards associated with micro 
organisms and includes preparatioi 
of antigens and other immunologica 
procedures. Applicants should hob 
HNC MLSA or equivalent. Ex 
perience in isolation and iden 
tification methods for fungi an 
knowledge of microbial biochemice 
techniques desirable. Starting salar 
£4,677. Application forms availabl 
from the Secretary, Cardiothoraci 
Institute, Fulham Road, Londo: 
SW36HP. (9019A 





QUEEN ELIZABETH 
COLLEGE 
Kensington 


(University of London) 


MICROBIAL 
BIOELECTROCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSISTANTS 


Applications are invited for two SR! 
supported post-doctoral Researc 
Assistantships to work in a bic 
technology group on the develoy 
ment of microbial fuel cells an 
reactors. One post is for an electri 
chemist and the other for a microbi 
physiologist. Salary £6,070 p 
(minimum) plus £967 London Allow 
ance. The posts are available from 
October 1981, or as soon as possib! 
and are tenable for 3 years. 


Enquiries to Dr H P Bennett« 
Department of Chemistry. Applic: 
tions with curriculum vitae an 
names of two referees should be ser 
to Mrs J Staight, Assistant Secretar 
Queen Elizabeth College, Campde 
| Hill Road, Kensington, London W 
JAH. Closing date for application 
31 August 1981. (WIA 
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SOUTH AFRICAN 
INSTITUTE FOR 
MEDICAL RESEARCH 


BIOSTATISTICIAN 


pplications are invited from MSc 
raduates for the above post. 


The incumbent will be involved in 
atistical aspects of research projects 
ad surveys covering a wide field in- 
uding, inter alia, epidemiology, 
incer, nutrition and immunology. 


Computer facilities are available 
1d the opportunity exists for obtain- 
ig a higher degree. 


We offer: a competitive salary plus 

rvice bonus equivalent to 93% of 
ae month’s salary, subsidised med- 
al aid, Pension fund and 30 days 
ave per annum. 


Address applications, including 
wriculum vitae, to: Head, Person- 
al Services, SAIMR, PO Box 1038, 
yhannesburg 2000, Republic of 
suth Africa. (W374) A 





WO POSTDOCTORAL positions 
‘e available immediately in an active 
NS-pharmacology laboratory. On- 
xing research projects include: 
| Mechanisms of modulation of 
ansmitter release; 2) Pre- and post- 
‘naptic mechanisms of action of 
retylcholine, neuroactive peptides 
yd other putative transmitters; 
| Spinal mechanisms in pain and 
algesia; 4) Synaptic mechanisms in 
suronal plasticity. The first position 
suitable for a well-trained and 
ithusiastic neurophysiologst/ 
2uropharmacologist capable of 
irrying out intracellular studies on 
ammalian central neurones. The 
‘cond position is for an imaginative 
surochemist who is interested in 
a*++ and transmitter release, 
ialysis of presynaptic membrane 
ructure, Ca++ binding proteins, 
cc. Salary is negotiable. Send 
rriculum vitae and names of three 
ferees to: Dr B R Sastry, Depart- 
ent of Pharmacology, Faculty of 
ledicine, The University of British 
olumbia, 2176 Health Sciences 
lall, Vancouver, BC, V6T 1W5, 
anada. (NW737)A 





JINIVERSITY OF ABERDEEN | 


DEPARTMENT OF ENGINEERING 
RESEARCH ASSISTANT 


pplications are invited from 
raduates in chemical or mechanical 
igineering, chemistry or physics for 

two-year post as a Research 
ssistant to work in a group engaged 
1 materials behaviour. The 
dccessful applicant will be 
oncerned with the erosive/ 
wrosive effects of hot, (about 90°C) 
quid flowing through nozzles made 
E various types of steels and nickel, 


The work is sponsored by the 
K Atomic Energy Authority, 
‘ounreay. Consideration will be 
ven to new or recent graduates. 
tarting salary on Scale IB — £5,285 
~ £7,700. 


Further particulars from The 
secretary, University of Aberdeen, 
id Aberdeen with whom applica- 
ons 2 copies) should be lodged by 
LJuly 1981. Ref. No. JAM/1. 
{(9013)A 








VICTORIA UNIVERSITY 
OF WELLINGTON 
New Zealand 


LECTURESHIP IN PHYSICS 
(2 Posts) 


Applicants for these positions should 
have proven excellence in research 
and must be able to contribute effec- 
tively to the Department's under- 
graduate teaching programme, which 
covers all the main branches of 
physics. 


The appointees will be required to 
participate in the Department’s 
research activities. These are con- 
centrated in three fields: Condensed 
Matter Physics (experimental and 
theoretical studies of interfaces and 
of optical and transport properties of 
metal alloys and amorphous 
materials), Geophysics (geomag- 
netism, plate tectonics, seismology, 
vulcanology, marine geophysics, 
physical oceanography) and Nuclear 
Physics (low-energy nuclear 
techniques applied to material, 
medical. and environmental studies). 


For the first post the Department is 
seeking to appoint a person who, in 
addition to satisfying the above 
criteria, has experience in the use of 
microprocessors and computers in 
experimental physics, and could 
contribute to the development of a 
course in the physics and applications 
of micro-processors. Additional pre- 
ference would be given to an 
applicant who could help establish 
links between existing research 
groups. 


For the second post preference will 
be given to those with research 
interests in Geophysics who would 
help establish links with other 
research groups. An appointee in 
Geophysics may also become a 
member of the University’s Institute 
of Geophysics. 


The salary range for lecturers is 
NZ$19,140 to $23,520 per annum. 


Conditions of appointment may be 
obtained from the Appointments 
Officer of the University or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications close on 75 October 
981. (9045)A 





SWISS INSTITUTE 
FOR EXPERIMENTAL 
CANCER RESEARCH 


Applications are invited for an 
associate scientist appointment to 
participate in an established research 
project in experimental hemato- 
logy/oncology, with particular 
emphasis on regulation of cell 
differentiation and drug action on 
cells in culture. Some years of post- 
doctoral experience in the field, as 
evidenced by published work, are 
desired. 


This staff position is non-tenured 
with a 3 to $-years contract. Starting 
date: January Ist, 1982 + 2 months. 


Applications with curriculum vitae 
and names of two references to be 
sent to: Chief of personnel, Swiss 
Institute for Experimental, Cancer 
Research, Ref: O/N. 1066 
Epalinges/Lausanne, Switzerland. 


Closing date: September 10, 1981. 
(W372)A 


















































Biochemi 


Smith Kline & French Research Limited is the U.K. based research 
group of the international SmithKline Corporation. We are currently 
undertaking a phased expansion of our research activities as part 
of the move to a new 39-acre site at The Frythe near the village of 
Welwyn. This new facility, which is nearing completion, represents 
a major investment and will be totally dedicated to pharmaceutical 
research and development. 


We have two vacancies for biochemists to join a group working on 
interesting and varied projects investigating the role of histamine 
on the brain. 


The first position is suitable for a person of graduate or equivalent 
status, and will involve measurement of enzyme anc 
neurotransmitter levels. Applications are encouraged from newly 
qualified graduates and from persons with previous experience in 
this area. 


The second position is suitable for a recently qualified Ph. D. or 
equivalent. The successful applicant will have a strong interest 
and previous experience in the study of enzymes, not necessarily 
in the brain. The position is concerned mainly with investigation of 
aspects of neurotransmitter synthesis, catabolism and turnover. 


We offer competitive salaries on incremental scales: commencing 
salaries will be for newly qualified graduates £5800 per annum and 
for Ph. D's £7500 per annum, We operate flexible working hours, 
and benefits include free life assurance amounting to three times 
annual salary, an excellent contributory pension scheme, 
discretionary annual bonus and membership of BUPA. A 
generous relocation grant is available if appropriate. 





Please telephone for an application form, quoting the Ref. No. 
NAT/166 to: 
Marie Alpar, Recruitment Administrator, 


SMITH KLINE &FRENCH RESEARCH LIMITED 


Mundells, Welwyn Garden City, Hertfordshire AL? 1EY. 
Tel: Welwyn Garden 25111 Ext 4651. 
(9054) A, 


SICXGF + 
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UNIVERSITY OF ZIMBABWE 


Applications are invited for the following posts: 
LECTURER/SENIOR LECTURER IN CIVIL ENGINEERING 
(Geotechnology) 
LECTURER/SENIOR LECTURER IN GEOLOGY 
(Geochemistry and Isotope Geology) 
LECTURER/SENIOR LECTURER IN GEOLOGY 
(Metamorphic and Structural} 
LECTURER/SENIOR LECTURER IN GEOGRAPHY AND 
GEOGRAPHICAL EDUCATION, 
Salary Scales: 


Senior Lecturer £9,688 x 364 — 10, 780 x 373 — £12,645 

Lecturer Grade 1 £8,777 x 364 — £10,233 

Lecturer Grade H £4,836 x 348 — £6,574 x 954 — £8,396 
Appointments on these scales according to qualifications and 
experience. Both permanent pensionable terms and short-term 
contracts are offered for academic posts. 


Further particulars on the posts, on conditions of service and on 

method of application should be obtained, prior to submitting 

an application, from the Director, Appointments and Personnel, 

University of Zimbabwe, PO Box MP 157, Mount Pleasant, 

ey aaah alte or from the Association of 
ommonwealt niversities (Appts.), 36 Gordon 

London WC1H OPF. i rae 


Closing date for receipt of applications for all posts 27 July 1987, 
[IHGA 
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Post Graduate/Post Doctoral Research 
Geologists/Environmental Scientists 


Sunbury-on-Thames. 





The Universities of Cambridge and East Anglia hope soon to be able to 
appoint two Geologists/Environmental Scientists (1st or upper 2nd class 

egree) to post-graduate/ post-doctoral research positions in connection 
with a 2-3 year joint research project on Global Palaeonvironments 
sponsored by the British Petroleum Company Limited Research Centre, 


a ve ae should be submitted as soon as possible both to Professor 
B. M. Funnell, School of Environmental Sciences, University of East 
Anglia, Norwich NR47T], and to Dr. A. G. Smith, Department of Earth 
Sciences, Downing Street, Cambridge CB2 3EQ. 


Further particulars may be obtained from either Professor Funnell, tel: 





(9047)A. 


tL. Norwich (0603) 56161 or Dr. A. G. Smith, tel: Cambridge (0223) 355463. 
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Technische Hogeschool Delft 
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The Faculty of Chemistry and Chemical Engineering of 
the Delft University of Technology invites applications for 
the position of 


Full Professor 
of Biokinetics 


Biokinetics, other bio-sciences and technology are being 
integrated to establish a biotechnology group and thus 
teaching and research in biokinetics have to be directed to 
biotechnological application. Close cooperation with col- 
leagues working in biotechnology will be required. 


Teaching: The professor will be responsible for lectures 
and/or courses in Systems Analysis, and Kinetics of Micro- 
organisms and their Active Compounds, possibly Irrever- 
sible Thermodynamics of Biological Systems. The super- 
vision of experimental work carried out by undergraduate 
and graduate students will also be involved. 


Research: The research task will be concerned with the 
development and testing of mathematical models to 
describe enzyme systems and the growth of and product 
formation by microorganisms This research will be 
performed in cooperation with colleagues working on bio- 
technology and will be directed to industrial processes and 
environmental control. 


Administrative duties: The successful applicant will be 
expected to participate actively in the administrative tasks of 
the Biotechnology group and the Faculty. 


Additional information wiil gladly be supplied by the 
Chairman of the Appointing Committee. 


Applications, including a curriculum vitae, full detail of 
qualifications, experience and the names of at least two 
referees should be addressed to the Chairman of the 
Appointing Committee, Prof. N. W. F. Kossen, c/o Bureau 
van de Afdeling der Scheikundige Technologie, Postbus 
5045, 2600 GA Delft, The Netherlands. Closing date for 
applications is 15th August 1981. (W375)A 


















ST JUDE CHILDREN’S 
RESEARCH HOSPITAL 


DIVISION OF 
IMMUNOLOGY 


MOLECULAR 
AND CELL 
BIOLOGY 


Postdoctoral research traineeships 
are offered in a multidisciplinary 
research institute. (1) Biochemistry: 
structure and functions of biological 
membranes; biological regulation 
mechanisms with emphasis on 
hormonal action; receptor functions 
and cellular messengers; and control 
of normal and neoplastic growth 
(W Y Cheung, M Morrison and 
G Schobaum); (2) Immunology: 
regulation of antibody formation; 
macrophage functional hetero- 
geneity and characterization of 
macrophage receptor functions and 
structures (F L Adler, M Fishman 
and W S Walker); (3) Pharmacology: 
human and animal cancer chemo- 
therapy; drug-induced changes in 
DNA replication and repair 
synthesis; genetic, biochemical and 
physiological approaches to analysis 
of mechanisms of drug resistance in 
human cells (T P Brent, A Fridiand 
and A Welch), and (4) Virology: 
molecular biology and epidemiology 
of viruses; eukaryotic gene 
expression and regulation 
(A Granoff, D Kingsbury and R G 
Webster). 


Applicants must be citizens or | 
residents of the US. 


permanent 
Please send curriculum vitae, names 
of three references and a brief state- 
ment of career objectives to Dr M 
Fishman, Division of Immunology, 
St Jude Children’s Research 
Hospital, 332 N Lauderdale, PO Box 
318, Memphis TN 38101. 
(NW732)A 


UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF 
MOLECULAR BIOLOGY 
Applications are invited for £ 
postdoctoral research position tc 
investigate the molecular genetics 
of bacterial plasmids. Experience ir 
this area, and particularly in plasmic 
DNA manipulation, is desirable. 
The appointment becomes 
available this autumn, and will be 
for one to three years. Salary will be 

on Research Range 1A. 


Applicants should send a CV, 
references and a lette! 
describing their research 
interests to Dr N S Willetts, 
Department of Molecular 
Biology, University of 
Edinburgh, Edinburgh EHS 3JR. 
Please quote Reference 5031. 

(9042)A 
































































Postdoctoral 
Research Associates 


BROOKHAVEN 
NATIONAL LABORATORY 


Two Postdoctoral Research 
Associate positions will be 
available in October, 1981, in the 


Biology Department at 
Brookhaven National 
Laboratory. 


One position is for study of 
photosynthetic mechanisms of 
nitrogen reduction in 
heterocysts of cyanobacteria. 
Optical and EPR spectroscopic 
techniques are applied to 
isolated heterocysts and 
photosynthetic membrane pre- 
parations. A PhD in plant 
physiology or biochemistry, with 
experience in photohydrogen 
production, nitragen fixation or 
hydrogen assimilation research, 
preferably in cyanobacteria, is 
desirable. 

The other position is for study of 
electron flow and energy 
conversion mechanisms in 
higher plant photosynthesis. 
Techniques used include optical 
and EPR spectroscopy of intact 
chloroplasts and isolated 
membrane complexes. A PhD in 
biochemistry, plant physiology 
or biophysics, with experiance 
of bioenergetic and electron 
transport systems, preferably in 
photosynthesis, is desirable. 


initial appointments will be for 
one year, ata minimum salary of 
$14,000 per year, with possibility 
of extension, 

Candidates should send 
résumé and names of three 
referees to Dr Geoffrey 
Hind, Biology Department, 
Brookhaven® National 
Laboratory, Associated 
Universities, Inc., Upton, 
Long Island, NY 11973. 

An Equal Opportunity 
Employer m/f 
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UNIVERSITY OF 

EAST ANGLIA 

Norwich 

Applications are invited for the 
post of 
POST-DOCTORAL RESEARCH 
ASSOCIATE IN SYNTHETIC 
ORGANIC CHEMISTRY 
nthe School of Biological Sciences 
under a Cancer Research 
Campaign grant. The work will be 
on the synthesis of novel 
derivatives of antileukaemic drugs. 
The appointment will be for one 
year initially but may be renewable 
for up to a further three years. 
Salary on the 1A scale for Research 
and Analogous Staff (£6,070 — 
£10,575 p.a.) according to age and 
experience, 
Applications with full curriculum 
vitae and the names of 2 referees 
should be sent before 20th July 
1981 to Dr. D. M. Tidd, School of 
Biological Sciences, University of 
East Anglia, Norwich NR47TJ. 
(9010)A 























UNIVERSITY OF 
PENNSYLVANIA 
DEPARTMENT OF 
HUMAN GENETICS 
THREE TENURE TRACK 
POSITIONS 


o begin at the Assistant Professor 
evel are available in the Department 





of Human Genetics. Candidates (MD 
w PhD) trained in modern molecular 
‘enetic techniques and with a record 
of research in genetics are urged to 


ipply. 


One position is to be filled by an 
iD researcher who would be quali- 
jed to: hold-a joint clinical appoint- 
nent. Areas of interest in molecular 
ipproaches. include: evolution, 
jevelopment, gene regulation, mol- 
ular cytogenetics, polymorphism 
ind molecular mechanism of disease. 


Send résumé to: Dr R Schmickel, 
Dept of Human Genetics, Room 195 
Vied Labs Bldg/G3, University of 
2ennsylvania, Philadelphia, PA 
19104. An Equal Opportunity/ 
Affirmative Action Employer. 

(NW726)A 





ROBERT GORDON'S 
INSTITUTE OF 
TECHNOLOGY 
Aberdeen 
SCHOOL OF MECHANICAL AND 
OFFSHORE ENGINEERING 
RESEARCH FELLOW 


Materiais scientist for major 
research project on marine 
corrosion and fouling of North Sea 
oil and gas installations, financed 
byo SERC Marine Technology 
Directorate. RGIT’s marine 
corrosion- research group 
collaborates with University of 
Aberdeen marine biologists and 
zoologists and with offshore 
industry. The appointment will be 
for one year in the first instance. 


Salary range £6,070 to £6,880 with 
appropriate placing according to 
qualifications and experience. 
Details from Secretary. Robert 
Gordon's Institute of Technol- 
ogy, Schoolhill, Aberdeen ABS 
1FR. (8043)A 















dee} 
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POSTDOCTORAL POSITIONS 
available for study of mechanism of 
linear DNA replication. Send CV and 
names of to references to Dr Junetsu 
Ito, Department of Molecular and 
Medical Microbiology, College of 
Medicine, The University of 
Arizona, Tucson, Arizona 85724. 
{An Equal Opportunity/ Affirmative 
Action employer). (NW740)A 





University of Saskatchewan 
CELL BIOLOGIST 


Applications are invited for a 
position at the level of assistant 
professor/associate professor in 
either the Department of Micro- 
biology or the Department of Bio- 
chemistry to be sponsored by a 
National Cancer Institute of Canada 
development program for cancer re- 
search at the University of Saskatch- 
ewan. The program provides for sal- 
ary support for up to 5 years and 
funds for research and equipment. 
The appointee would be expected to 
work in collaboration with a multidis- 
ciplinary team who research areas 
include tumor metastasis, mem- 
brane biochemistry, chemotherapy 
and tumor ees 

A PhD with at least 2-3 years post- 
doctoral training is required. 
Applicants should send curricu- 
lum vitae, research interests, re- 
prints and names of three refer- 
ences to Dr | Ramshaw, Depart- 
ment of Microbiology, Univer- 
sity of Saskatchewan, Saska- 
toon, Saskatchewan S7N 0WO, 
Canada. (NW738)A 





DIRECTOR 


PEABODY MUSEUM OF 
NATURAL HISTORY 


Applications are invited for the position of Director of the Museum at the rank of full 
professor, and with appointment (according to field) to the Departments of Biology, 
Geology and Geophysics or Anthropology. Yale University is seeking a scholar of inter- 
national reputation who will develop interdisciplinary research and teaching programs in the 
natural sciences through the Peabody Museum and the affiliated academic departments. 


Applications, including a curriculum vitae and the names of three references, should be sent 
to Professor Keith S. Thomson, Dean of the Graduate School of Arts and Sciences, Yale 
University, P.O. Box 1504A, Yale Station, New Haven CT 06520. Closing dates for 
applications — September 30, 1981. 


Yale University is an equal opportunity, affirmative action employer. 
















Yale University 











(NW744) A 





SmithKline 
Corporation, 
a diversified multinational 
f ; _ health care firm, located in 
Philadelphia, PA, is seeking a person to develop 
host-vector systems for cloning and expression of 
eukaryotic genes, This position :s located at our 
suburban facility, 17 miles west of Philadelphia. 


The successful candidate for this new position 
should be capable of directing a research 
pe ram on molecular genetics and becorne a 
eader in cloning and expression of eukaryotic 
Bee This person should Fave a Pho in 

iological Sciences with experience in modern 
DNA technology as applied to one ofthefollowing 
areas: yeast host-vector systems, gene 
expression, or synthesis of cDNA. 


SmithKline offers an excellent compensation 
program and opportunity for professional 
growth. Please send resume to : SMITH KLINE & 
FRENCH LABORATORIES, A Division Of, 
SMITHKLINE CORPORATION, 

1522 Spring Garden Street, 
Philadelphia, PA 19101. 
We are an equal 
opportunity employer, 
F/H/M/V. 


(NW728)A 
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,.. to join a team involved in taxonomic 
research covering the whole field of 
natural science. Wark includes preparing 
material for both scanning and 
transmission microseapy; monitoring 
quality and recording results; 
first line maintenance of 
microscopes and high 
vacuum units and 
maintenance of a small 
library. 

Candidates normally under 
27, should have a degree in 1. 
biological sciences. 
Experience as a technician 
in an electron microscope 
unit would be 
advantageous. 






British Museum (Natural History) 
Electron Microscopist 


Appointment as Senior Scientific Officer 
£5,825 — £7,495 (salaries under review) with 
starting salary according to qualifications 
and experience. 
























For futher details and 
application form (to be 
returned by 31 July 1981) 
write to Civil Service 
Commission, Alencon Link, 
Basingstoke, Hants RG21 
1JB, or telephone 
Basingstoke (0256) 68551 
{answering service 
operates outside office 
hours). Please quote ref: 
























(Q016)A 





UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF COMPUTER SCIENCE 


Professor of Computer Science 


Applications are invited for a secand Professorship in the Department 
of Computer Science. To preserve the balance of interest in the 
Department, candidates with a knowledge either of Data Bases or the 
Theory of Computer Science are particularly encouraged to apply. 


- The post will be remunerated within the professorial range for 


universities with USS benefits. 

Application forms and further particulars (quoting 27/81) can be 
obtained from the Registrar, University of Strathclyde, 204 
George Street, Glasgow G1 1XW, with whom applications 
should be lodged by 31 July 1981. (9028) A 





YOU HAVE GOT A 
BRIGHT IDEA 


TO FIND OUT BIOLOGICAL OR 


CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP THESE NEW DRUGS 


We are not a pharmaceutical firm, but a swiss based 
independant financial group, and we are prepared to let you 
participate in a capital venture for the exploitation of your 
project. 

Our object: the development of new biological or chemical 
products (which have previously had a pharmacological 
screening) up to the stage of clinical tolerance and 
effectiveness required to permit licensing negotiations. 





To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chane 38 - 1001 LAUSANNE 


(Switzerland). 
(W368) A 








ASSOCIATESHIPS 


THE UNIVERSITY 
OF LEICESTER 
DEPARTMENT OF 
BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSOCIATESHIP 


Applications are invited for a 
Postdoctoral research associateship 
to study the composition, spatial 
organisation and reconstitution of 
the methanol oxidising respiratory 
chain of the methylotrophic 
bacterium Methylophilus 
methylotrophus. This position, 
which is supported by an SRC/ICI 
Cooperative Research grant, is 
tenable for up to three years and will 
carry an initial salary of up to £6,880 
per annum at age 26 (with USS 
benefits). Experience in bioenergetics 
and/or enzyme purification is 
desirable. 





Applications, with a curriculum 
vitae and the names and addresses of 
two referees should be sent as soon as 
possible to Dr C W Jones, 
Department of Biochemistry, 
University of Leicester, Leicester 
LEI 7RH (please mark envelope 
“Postdoctoral Associateship’’). 

(9052)0 











STUDENTSHIPS 


THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF 
PHYSICS 
Applications are invited for an SRC 
CASE STUDENTSHIP in the above 
department in conjunction with the 
British Antartic Survey. Involves 
studies of the Magnetosphere and 
Ionosphere at Halley, Antarctica, 
using the Sheffield ELF/VLF 
Goniometer and the recently 

installed advanced [onosonde. 
Tenable for three years during 
which time the recipient will analyse 
and interpret data acquired in 
Antarctica with a view to 
submission of a PhD thesis and 
publication, A good degree in 
Physics required. 

Details from Professor T R Kaiser, 
Department of Physics, the 
University of Sheffield, The Hicks 
Building, Hounsfield Road, 
Sheffield $10 2TN, to whom 
applications should be sent together 
with the names of two referees. 
Quoteref:R606/G  (9053)F_ | 


















NOTTINGHAM 
UNIVERSITY 
PHARMACY DEPARTMENT 
RESEARCH STUDENTSHIPS 


The Pharmaceutics Section of the 
Pharmacy Department has available 
SRC Research Studentships for 
studies on the physico-chemical 
properties of pharmaceutical systems 
and their relevance to the biological 
availability of drugs. 


Pharmacy and Chemistry 
graduates interested in further details 
should apply to Professor S S Davis, 
Department of Pharmacy, University 
of Nottingham, University Park, 
Nottingham. Tel: 0602-56101 Ext 
3217. (9001)F 


BRISTOL 
POLYTECHNIC 
SCIENCE DEPARTMENT 
SRC RESEARCH 
STUDENTSHIP 


Two SRC CASE awards have 
recently been approved for the 
following projects in the Department 
of Science. Duties to commence 
October 1981. 


(1) “A study of the physiological and 
biochemical aspects of the 
development of seaweed spores” — 
in conjunction with the Admiralty 
Marine Technology Establishment, 
Naval Dockyard Laboratories, 
Portsmouth. 


(2) “A study of the role of ATPase 
enzymes in potassium transport in 
the midgut of caterpillars’? — in 
conjunction with Shell Biosciences 
Laboratory, Sittingbourne. 


Applications are invited from 
persons holding (or expecting to 
hold) a First of Upper Second Class 
Honours Degree in an appropriate 
subject. The successful candidates 
will be nominated to the SRC for the 
award of studentships. It is 
anticipated that the students will 
register for research degrees. 
Applications and enquiries should be 
sent as soon as possible to Dr 
T Green, Head of the Science 
Department, Bristol Polytechnic, 
Coldharbour Lane, Frenchay, 
Bristol BS16 1QY. (9022)F 
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STUDENTSHIPS continued 











UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 
ŠRC CASE STUDENTSHIPS 


pplications are invited for two SRC 
ase Studentships in collaboration 
ith Glasshouse Crops Research 
istitute, Rustington, Sussex for 
search leading to the degree of 
hD. The projects are concerned 
ith sugar uptake by tomato fruit 
‘otoplasts and vacuoles in relation 
ı sink strength (Professor J L Hall 
id Dr L C Ho) and with hormonal 
yntrol of inflorescence development 
. tomato (Dr D A Morris and Dr 
Menhenett). 

Applicants should have, or expect 
-obtain, a first or upper second class 
ynours degree in a related subject. 
Applications, including the names 
f two referees, should be sent as 
von. as possible to Professor J L Hall 
id/or Dr D A Morris, Department 
f Biology, University of Southamp- 
m, Highfield, Southampton SO9 
NH, from whom further particulars 
ay be obtained. Please quote Ref: N. 

(90L1)F 


UNIVERSITY OF 


READING 


DEPARTMENT OF PHYSIOLOGY 
& BIOCHEMISTRY 


SRC CASE STUDENTSHIP 


pplications are invited for an SRC’ 


ASE Studentship tenable from 1 
ctober, 1981. Candidates should 
ave a good honours degree in 
ochemistry or a related discipline. 
he project is in collaboration with 
IRC Toxicology Research Unit, 
arshalton, and concerns the 
etabolism of 6-chloro-6-deoxy- 
gars and their action as male 
»ntraceptives. 
Applications should be sent to: 
rofessor G M H Waites, Depart- 
ent of Physiology & Biochemistry, 
he University of Reading, 
'hiteknights, Reading RG6 2AJ. 
(9021)F 


UNIVERSITY 
OF LIVERPOOL 


SRC CASE STUDENTSHIP 


Mossbauer studies of the Active 
te of Benzene Dioxygenase”’ 


Applications are invited for an 
IC CASE studentship to be held in 
e Department of Physics in con- 
inction with the Biosciences 
aboratory of Shell Research Ltd. 
ñe reason, which is expected to take 
ree years and lead to the award of a 
iD degree, will involve the pre- 
tration of samples of the enzyme 
id investigation of these samples 
ider a variety of conditions using 
éssbauer spectroscopy. 


In-addition to the usual SRC grant 
supplement of £200 pa will be paid. 


Applicants should have, or expect 
obtain, a first or upper second class 
ours degree in biochemistry, bio- 
ysics, chemistry, physics or related 
bjects, 


Applications with a brief 
rriculum vitae and the names and 
\dresses of two referees should be 
nt as soon as possible to The 
ogistrar, The University, PO Box 
‘7, Liverpool L69 3BX, from whom 
rther details may be obtained. 
uote Ref RV/847/N (9050)F 














UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF PHYSIOLOGY 
AND ENVIRONMENTAL STUDIES 
LEAF MICROCLIMATE AND 
THE PERFORMANCE OF 

FOLIAR HERBICIDES | 
SRC ‘CASE’ STUDENTSHIP 
IN CO-OPERATION WITH 
SHELL RESEARCH LTD 


A studentship is available to 
investigate microclimatic factors 
which influence the action of 
chemicals applied to foliage of crop 
plants. The student who will 
probably have a first degree in 
agricultural, biological or envi- 
ronmental science will spend part of 
the time at Shell Research 
Laboratories, Sittingbourne, Kent. 
Experience in environmental 
measurement, or in measuring pro- 
perties of leaf surfaces would be 


advantageous. The usual SRC 
studentship grant will be 
supplemented by £250 pa. 


For further details contact Dr 
M H Unsworth, University of 
Nottingham School of Agriculture, 
Sutton Bonington, Loughborough, 
Leics LE12 5RD. Telephone (05097) 
2386. (9002)F 


UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF PHYSIOLOGY 
POST GRADUATE 
STUDENTSHIPS 


Two SRC (CASE) post-graduate 
studentships are available in 
Neurophysiology/Neuropharmacol- 
ogy. The experimental work will 
investigate the responses of single 
central neurones in vivo to: a) the 
benzodiazepines and; b) substance 
P/SHT interaction on nociceptive 
neurones. 


Curriculum vitae to Dr M H T 
Roberts, Department of Physiology, 
University College, PO78, Cardiff 
CFLIXL. (903 1)F 


UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF SURGERY 
BDH RESEARCH 
STUDENTSHIP 


A 3 year research studentship is open 
to candidates with a first or upper 
second class honours degree in 
Biochemistry. The value of the 
studentship is in line with current 
MRC, SERC Research Studentships. 
The successful candidate will form 
part of a multi-disciplinary research 
team involved in the investigation of 
the regulation of intermediary 
metabolism in the post-surgery 
period and the effect of post- 
operation metabolic support. This 
work will be carried out in the 
Surgical Metabolism Unit, 
Department of Surgery, University 
of Aberdeen, under the supervision 
of Dr J Broom. This unit has close 
ties with both the Departments of 
Biochemistry and Chemical 
Pathology, University of Aberdeen. 





Applications, including the names 
of three referees should be made to 
Dr J Broom, Department of Surgery, 
Foresterhill, Aberdeen AB9 2ZD. 

(9015)F 



































GRANTS and SCHOLARSHIPS 









Research 
Scholarship 


Brewing Research 


‘Regulatory Mechanisms Influencing 
Production of Alcohols by Yeasts’ 


Bass Brewing Limited, in association with the 
University of Birmingham, invite applications for the 
Rainbow Research Scholarship which has been 
founded in memory of the contribution made to 
brewing science by the late Dr. C. Rainbow, D.Se. 


Applicants, male or female, must possess a first or top 
second class honours degree in biochemistry, 
microbial genetics or microbiology. 


The successful candidate will spend.a period of 

3 years in the Research Laboratories of Bass Brewing 
Limited at Burton-on-Trent with short periods at the 
University of Birmingham. Research on the above 
topic will lead to submission to the University of 
Birmingham for the degree of Ph.D. 


For the duration of the scholarship, the successful 
candidate will be a temporary member of the staff of 
Bass Brewing Limited, who will meet the costs of the 
project and the associated university fees. 


Comprehensive applications by letter with curriculum 
vitae should be submitted to: 


Research Manager, Bass Brewing Limited, 
High Street, Burton-on-Trent, ’ 
Staffs. DE14 1JZ. ’ 


Bass Limited Ey 


| pte Sports Council 











SPORTS SCIENCE 
UNIVERSITY OF SCHOLARSHIPS 
NOTTINGHAM As part of its continuing effort to 
improve scientific services Me sport 
the Council is once again offerity 
DEPARTMENT OF Scholarships for ful time PhO So ! 
PHYSIOLOGY search, The awards will ren from 


AND ENVIRONMENTAL STUDIES 





renewable for a third. The subject- 


POSTGRADUATE 


icine, physiol , Biochemistry/ 
SCHOLARSHIP tad hci oe 


nutrition, motor learning, or secial 
psychology. Projects leading to 
practical applications are likely to 
receive preference. 

Departments with suitable can- 
didates are asked to submit applica- 
tions specifying the research topie 
and the methods proposed for tack- 
ling it, the name and background of 
the Sapervisor, and details of any 
minor equipment/ravelling /other 
expenses. The candidate's full CV 
should be enclosed, 

3 copies of the application should 
be sest to the Principal Research 





Applications are invited from United 
Kingdom graduates with a Ist or H(i} 
Honours degree in Agricultural 
Science, Biology, Physiology or 
Zoology for a 3 year postgraduate 
study concerning endocrine abnormali- 
ties causing embryo mortality in 
cattle. 


culum vitae and names of two 
referees should be sent as soon as 
possible to Professor G E Lamming. 
University of Nottingham, School of 
Agriculture, Sutton Bonington, 
Loughborough LE12 SRD. 

(9003)H 





Brompton Road, London SW3 


| 
Applications, including Ke 
| TEX, by July31, 1981. (9032H 





October 1981, initially for 2 years, 


mattershould be in the field of meg= 4 


Officer, The Sports Council, 701 

































WANTED 


WANTED 


Beckman 890 Sequencer. ~ Call collect R. Kutny 
(302) 772-1442 or write Du Pont Experimental 
Station, CRAD, Building 228, Wilmington, DE 


19898 ~ 


(NW743)L 





CONFERENCES and COURSES 


University of London 
British Postgraduate Medical Federation 


CARDIOTHORACIC INSTITUTE 


(In association with the Brompton Hospital] 
ANNUAL 


PHARMACOLOGY OF 
ASTHMA COURSE 


23rd — 27th November, 1981 


This Course is of interest to scientists involved in research 
relating to asthma and to clinicians with an active interest in the 
pharmacology of asthma and the made of action of anti-asthma 


drugs. 


Topics to be included: 

* Leucotrienes 
Prostaglandins 
PAF acether 
cAMP and cell activation 


Receptor control of cell activation and receptor expression 


Provocation testing 


Cell accumulation, Oedema, Muco-ciliary function in asthma 


FEE: £150 inclusive of coffee, lunch and tea. 
Places are restricted to 50. Early registration is strongly 


recommended. 


Application forms may be obtained from: 
The Dean's Secretary, Cardiothoracic Institute, 


Fulham Road, London SW3 6HP. 


(9020)C 








POSITION 
WANTED 


PhD MARINE sciences, 25 
publications. English/Spanish 
speaker. Long experience in South 
America and UK. University 
Lecturer, research worker. Serve 
anywhere, Highest references. Write 
Box 9087 c/o Nature, 4, Little Essex 
Street, London WC2R3LF (9057B 





FELLOWSHIPS 


POSTDOCTORAL Fellowship: To 
study hormonal regulation of 
vitamin D metabolism in mammals. 
Theoretical and/or practical 
experience required. Contact: Dr 
E M Spencer, Children’s Hospital of 
San Francisco, 3700 California 
Street, San Francisco, Calif. 94118. 
Equal Opportunity Employer, 
M/F/H. (NW723)E 












THE QUEEN'S UNIVERSITY 
OF BELFAST 
Department of Pure and 
Applied Physics 


POSTDOCTORAL 
FELLOWSHIP 


Applications are invited for a Post- 
doctoral Research Fellowship 
funded by SERC in the Reactive 
Scattering Group for a period of up 
two years. The successful can- 
didate will be involved in the further 
development of UV laser induced 
fluorescence techniques and their 
application to studies of energy 
disposal in chemical reactions. 

Salary range: £6,072 — £6,882 pa, 
initial placing depending on age and 
qualifications. Applications, which 
should include CV and names and 
addresses of two referees, should 
be sent to the Personnel Officer, 
The Queen's University of Belfast, 
Belfast BT7 INN, Northern Ireland. 
Closing date: 31 August 1981. 
{Please quote Ref.81/N.) (9027)E 




























CITY OF LONDON 
POLYTECHNIC 
SIR JOHN CASS SCHOOL OF 
SCIENCE AND TECHNOLOGY 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a 
research fellowship available from 1 
September 1981 to work with Dr J 
North on the genetics and bioche- 
mistry of ribosomal mutants in the 
basidiomycete fungus Coprinus 
cinereus. Applicants should have 
obtained or be about to obtain a 
PhD. A background in genetics is 
required; experience of the bio- 
chemical genetics of fungi and/or in 
vitro protein synthesis would be 
preferred, 


Salary (Researcher B) £6,464 per 
annum in the first year, rising to 
£6,867 in the second year and to 
£7,260 in the third year plus London 
Allowance of £759 per annum. 


Further information can be 
obtained from Dr North at the 
Department of Biological Sciences, 
City of London Polytechnic, 
Calcutta House Precinct, Old Castle 
Street, London El 7NT to whom 
applications, including a curriculum 
vitae and the names and addresses of 
two referees, should be sent to arrive 
within three weeks of the appearance 
of this advertisement. (9008)E 
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THE UNIVERSITY 
OF AUCKLAND 


New Zealand 


POSTDOCTORAL 
FELLOWSHIP 


The Haemoglobin Group in th 
Departments of Zoology and Bic 
chemistry is studying the physiolog 
and biochemistry of haemoglobin i 
lower vertebrates. A fellowhip 

available for a physiologicé 
zoologist or biochemist to participa! 
in this work. Those with experienc 
of respiratory physiology and/c 
haemoglobin separation technique 
are particularly welcome to apply 
Applicants must have completed 
PhD or its equivalent before takin 
up the Fellowship, which is availabl 
for 12 months from February 1982. , 
monthly allowance of NZ$1,519 wi 
be paid and there is provision fc 
assistance with fares. Further pay 
ticulars are available from Dr RM ¢ 
Wells, Department of Zoology, Un 
versity of Auckland, Private Bag 
Auckland, New Zealand. (9038) 





UNIVERSITY OF 
SUSSEX 


School of Molecular Sciences 


SERC POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited from sui 
ably qualified persons for a pos 
doctoral research Fellowship to ir 
vestigate the feasibility of catalyt: 
systems for the production c 
organonitrogen compounds frol 
N,. Candidates should have cor 
siderable experience of preparativ 
coordination or organometalli 
chemistry, and a knowledge of elec 
trochemical technique would also b 
useful. 


The appointment, under the supe: 
vision of Dr G J Leigh and Dr C 
Pickett, would be for a maximum of 
years, starting Ist October 1981 or z 
soon as possible thereafter. Th 
starting salary will be towards th 
lower end of the scale for th 
Research Fellow Grade 1A, £6,070 -~ 
£10,575 pa. 


Candidates should submit a C 
and the names of three referees : 
soon as possible to the Sub-Dear 
School of Molecular Sciences, Un 
versity of Sussex, Brighton BNI 9Q. 

(9035)E 





ASSISTANTSHIP 





LEICESTER POLYTECHNIC 
School of Chemistry 


RESEARCH ASSISTANTSHIP 


Applications are invited from graduates to work on ‘‘Film Formation by PTF] 
Dispersions”, a collaborative project with the Petrochemicals and Plastic 
Division of ICI Limited. The appointments will be made for 3 years on a salar 


scale starting at £5,268 per annum. 


Suitable candidates will be encouraged to register with CNAA for a highe 
degree, and will probably have a first degree in chemistry, physics or polyme 
science. The project will involve several aspects of physical chemistry. 


Application forms and further details available from Staffing Officer 
Leicester Polytechnic, PO Box 143, Leicester LE] 9BH. Tel: (0533) 55155 


Ext, 2303/1. 


(9029)P 
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KEY INTERFERON 


3500 EAST FLETCHER AVENUE + SUITE 321 è TAMPA, FLORIDA 33612 © 813-977-8954 





Telex: 522601 


SUPPLYING ban INTERFERONS 
or 


CLINICAL TRIALS AND LABORATORY RESEARCH 
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Further 
Details 
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Southern Medical & Pharmaceutical Corporation 
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AMERICAN JOURNAL OF 
PRIMATOLOGY 


Volume 1, 1981, Four Issues 


_ The rapid growth of interdisciplinary primatology within 

recent years has dictated the need for an efficient domestic 
journal devoted to publication of high quality manuscripts 
spanning the entire spectrum of primatology. 


The journal publishes original research reports, scholarly 
reviews, brief reports, and book reviews on all topics relevant 
to the study of primates, including all aspects of their 
anatomy, behavior, development, ecology, evolution, genetics, 
_ nutrition, physiology, reproduction, systematics, conservation, 

husbandry, and use in biomedical research. Manuscripts 
demonstrating a strong comparative perspective are especially 
: welcomed. 


The American Journal of Primatology is published 
` quarterly. Should the volume of manuscripts demand it, the 

number of issues per year will be increased. Manuscripts are 
reviewed within one month of receipt and are typically 
published within four to eight months of final acceptance. The 
results of reviews, along with acceptance, suggestions for 
revision, or fully justified rejection, are rapidly communicated 
to authors. Instructions for contributors can be obtained from 
the editor or the publisher. 


Manuscripts for consideration should be sent to: J. Erwin, 
Ph.D., Editor + American Journal of Primatology * P.O. Box 96 
+ Honeydew, CA 95545 


EDITOR 


J. Erwin, Humboldt State University and The Mattole 
Center for Science and Education 


REVIEWS EDITOR 
Terry L. Maple, Georgia institute of Technology and 
Yerkes Regional Primate Research Center 


ASSOCIATE EDITORS 


Irwin S. Bernstein * Thomas B. Clarkson « Charles E. 
Graham « Andrew G. Hendrickx ù Jane B. Lancaster « 
Donald G. Lindburg Ħ C. James Mahoney e Peter R. 
Marler * Bernadette M. Marriott * G. Mitchell + Gene 
P. Sackett 


CONSULTING EDITORS 

Nancy J. Alexander * Stuart A. Altmann ù Douglas M. 
Bowden »• Benjamin G. Brackett « Claud A. Brambiett 
* Larry D. Byrd « Douglas K. Candiand « W. Richard 
Dukelow « Alejandro Estrada « Jack Fooden « J. 
Stephen Gartlan « David A. Goldfoot « Barbara C. 
Hansen ° Harry F. Harlow « Glenn Hausfater » Roy V. 
Henrickson « Gary D. Hodgen Sarah Blaffer Hrdy + 
Jay R. Kaplan « Michale E. Keeling « Frederick A. 
King Ħ Seymour Levine « Charles S. Lieber + Joan S. 
Lockard ¢ William A. Mason « Russell A. Mittermeier 
* Gary T. Moore * Ronald D. Nadler * Laura L. Newell- 
Morris « Martin L. Reite + Peter S. Rodman « Morton 
S. Silberman * Joyce E. Sirianni * Orville A. Smith « 
Wiadyslaw W. Socha + Charles H. Southwick + 
Francis A. Spelman + Stephen J. Suomi » David 
Milton Taub + Diane W. Taylor « Cheryl B. Travis + 
John G. Vandenbergh « Peter M. Waser « Sherwood L. 
Washburn « Elizabeth S. Watts * Robert A. Whitney, Jr. 


_ CONTENTS OF VOLUME 1, NUMBER 3 


Research Articles 


The Interrelationship Between Sex Skin Swelling and 
the Urinary Excretion of LH, Estrone, and 
Pregnanediol by the Cycling Female Chimpanzee, 
J.W. McArthur, LZ. Beitins, A. Gorman, D.C. Collins, 
J.R.K. Preedy, and C.E. Graham 


The Effect of Peer Contact Upon Physiological 
Response to Maternal Separation, Nancy Caine and 
Martin Reite 


On the Anatomical Organization of the Vagal Nuclei, 
M.A. Karim, S.K. Leong, and S.A. Perwaiz 


Book Reviews 
Why Study Fossils?, Philip D. Gingerich 
The Costs of Primate Motherhood, Nancy Nicolson 


Proceedings of the Fourth Meeting of the 
American Society of Primatologists, June 2-5, 
1981, San Antonio, Texas. 


Abstracts From the Following Symposia and 
Paper Sessions: g 


Laparoscopic Techniques for Studying Ovulation and 
Fertilization in Primates « Aggression and Dominance » 
Nutrition + Courtship, Reproduction; and Infant Survival 
in the Arashiyama A and B Troops of Japanese 
Macaques « Genetics of Nonhuman Primates in 
Relation to Human.Disease + Ecology * Anatomy « 
Labor and Delivery'in Monkeys «Ontogeny, Paternity 
Exclusion in Groups of Nonhuman Primates « 
Reproduction « Child:Abuse: Is There a Nonhuman 
Primate Model ù Pastérs + Endocrinology * Visual 
Information Processing, Picture Perception, and Social 
Categorization in Nonhuman Primates * The Use of 
Nonhuman Primates in Reproductive Research and 
Contraceptive Development + Sexual Behavior ù 
Medicine and Surgery « Methodological Issues in 
Nonhuman Primate Behavioral Research » Physiology « 
Socialization 


Subscription information: United States, $70.00; Europe, 
Middle East, Africa (Airspeed Delivery), $80.00, other 
countries, $77.00. Payment must be in U.S. dollars or at 
current rate of exchange. For payments not made in U.S. 
funds and through a US. bank, please add a $6.00 service 
charge. 

Sample copies are available on request. 


Members of the American Society of Primatologists may 
subscribe to this journal at a reduced rate; for details 
contact W. Richard Dukelow, Treasurer» American Society 
of Primatologists + Endocrine Research Unit * Michigan 
State University + East Lansing, Ml 48824 
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a bottle of Ampholine 


Cut your electrofocusing costs to a fraction 


previous levels without sacrificing qua 
resolution. Save substantial time cas 
running, and staining gels as well. 
performance electrofocusing lets you analyze 
well over 600 samples per 
Ampholine. And if you're struggling with an 
especially tight budget this year, we can 
help you save even more. High performe 
gels are cast by capillary action onto thin 
plastic support foils in l a mere 0.5 to 
0.25mm thick. Because the new thin ge 
cooled more efficiently, resolution-robbing 
thermal gradients are eliminated while run 
times drop to as little as 30 minutes. 
Ampholine, the LKB tradename for the 
world’s largest selling carrier amphalyte, is 
now available in four new pH ranges. The 
new ranges are specially preblended for di- 
in ether acrylamide or our new 
axcellent con- 
By switching 


High 


bottle of 


to our new prebiends, you'll save preparation 

time and reduce your stocking costs as well. 
High performance electrofocusing is just 

one of a series of new and improved techni- 

ques you can perform on the Multiphor* 

System. For more details about this and 

other new kits soon to be released, contact 

your local LKB re 

fices everywhere. ( 

the addresses listed 











e samples youcan analyze with half j 
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HUMAN TOXICOLOGY" 


An International Journal 





Aims and Scope 

Toxicology is the study of the adverse reactions of living creatures to 
noxious influences, This is a scientific discipline. What matters to man are 
the hazards to which he is exposed and the manner in which he reacts to 
them from the moment of conception and thereafter throughout life. This 
is the subject of Human Toxicology. for which this journal caters. It 
embraces both animal research. which has direct significance for man, and 
studies with humans in their own right ~ biochemically. physiologically. 
clinically and epidemiologically. 


Main Features 
The following material will appear on a regular basis: 


è Original papers of a high scientific standard on all aspeets of human 
toxicology. embracing both animal research and studies with humans 


è Short communications and comments on current matters of 
professional interest 


è Editorials on topical issues 
è Reviews by invited contributors on important aspects 
è Authoritative book reviews 


Call for Papers 


The submission of suitable papers for editorial consideration is welcomed. 
Papers must be in English and two copies should be submitted. 

References. collected at the end of the paper. should include the author's 
name. year of publication. title of article, title of publication, volume 
number and first and last page numbers. They should be listed in 
alphabetical order. A detailed list of Jnstructions to Authors can be 
obtained from the Publisher. Papers should be sent directly to the Editorial 
Secretary. Human Toxicology. 4 Little Essex Street, London WC2R JLF 
England. or to Human Toxicology. Nature, Suite 1503, 15 East 26th 
Street. New York. NY 10010. USA. 








Subscription Order Form p< — — — — =e mee mee see 


To: Human Toxicology. Scientific & Medical Division, 
Macmillan Publishers. Houndmills. Basingstoke. Hampshire RG2 F 2X5. UK. 


or to: Human Toxicology, Nature. Suite 1503. 15 East 26th Street. 
New York, NY 10010 USA. 


C] Please enter my subscription for Volume | of Human Toxicology 


f] Please send me a sample copy of Human Toxicology 
Subscription Rates: UK £40 per volume. USA 395 per volume. 
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From DNA 
to RNA 
and beyond 


Nick Translation 


Two exclusive systems for making 
consistently high specific activity 
probes using nick translation: dCTP, 
[2P]- and dTTP, [°H]. Both systems 
include E. coli DNA Polymerase I 
prepared in our laboratories to 
ensure reproducibility. The DNase |, 
dNTP mixtures, stop buffer, and 
sterile deionized water are opti- 
mized for compatibility and stability. 


Systems sufficient for either 20 or 
10 reactions ras the following; 
dCTP, (a-*P]-, 

dTTP, (methyl, po 2)-9H]- 

DNase | 

DNA Polymerase I 

Control Plasmid DNA (pBR322) 
Deoxynucleoside Triphosphate 
Mixture 

Nick Translation Buffer 

Nick Translation Stop Buffer 
Deionized Water 


Each lot of systems is tested with 
he control supercoil pBR322 plas- 
mid DNA to ensure efficient incor- 
poration of dCMP or dTMP into DNA, 
nd a copy of the curve is included 


Tu, CFD. and Cohen, S:N., Gene, 103.177, 1980: 


These nine systems represent a major achievement in 
support of DNA/RNA research. They offer pretested, 
quality-assured sets of matched ingredients for ana- 
lyzing genes and the products of their expression. 


You could of course assemble the ingredients your- 
self, but here's what you'd likely be missing: Reliabil- 
ity, reproducibility, and hours of time better spent 


doing the research. 


Call to discuss any questions you may have for our 


technical staff. 


3’ End Labeling 


The system labels protruding (Hae H), 


flush (Alu 1), and recessed (Hinf D) 
3’ termini generated from pBR322 
with 3'-dATP, [a-*P]- (cordycepin 
5'-triphosphate) in a simplified pro- 
tocol similar to the procedures of 
Tu and Cohen. ' The system utilizes 
terminal transferase to add a single 
3'-dAMP, [a-**P|-molecule to the 3' 
end of a DNA chain. The resulting 
labeled DNA is suitable for se- 
quencing by the Maxam and Gilbert? 
technique used in our new DNA 
Sequencing System (see next page). 
The components include: 

3'-dATP, [a-*P]- (cordycepin 

5’-triphosphate) 

Terminal Deoxynucleotidyl 

Transferase 
Terminal Transferase Reaction 
Buffer 

Cobalt Chloride 

Control Plasmid DNA Fragments 

Deionized Water 


Prior to shipment, all system com- 
ponents are subjected to a com- 
plete 3’ end labeling procedure. The 
polyacrylamide gel used to separate 
the fragments is autoradiographed 
to assess labeling efficiency, anda 
copy of the autoradiogram is 
included with your system. 


Ordering information: 
NEK-009 (10-reaction system) 
NEK-009A (5-reaction system) 
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Adapted from procedures describe 
by Maxam and Gilbert? an efficient 
time-saving means of labeling 
nucleic acid fragments preparatow 
to DNA sequencing (see next col- 
umn). The system includes ATP 
y-**P|- with polynucleotide kinase® 
prepared in our own laboratories, 
and a carefully balanced comple- 
ment of buffers, enzymes, and 
other reagents necessary for labe® 
ing the 5’ termini of DNA fragmen# 


Systems sufficient for either 10 or 
reactions contain the following: 
ATP, [y-*P]- 
Alkaline Phosphatase 
Polynucleotide Kinase (purified te 
homogeneity) 
Phosphatase Buffer 
Direct Phosphorylation Buffer 
Exchange Phosphorylation Buffe® 
Hinf | Digest of Plasmid DNA, 
pBR322 (control to check system 
Deionized Water 


The system is tested the day befor’ 
shipment using the same lots of 
components you will receive, 
including fresh tracer. The resultir 
autoradiogram is included with 
your system. 


Ordering information: 


NEK-006 (10-reaction system) 
NEK-OO6A (5 reaction system) 
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NEW 
Transcription 


This system provides all the compo- 
nents necessary to perform eukary- 
otic cell-free transcription. It 
contains a cell-free extract derived 
from HeLa cells which catalyzes the 
synthesis of mRNA precursors when 
provided with an exogenous DNA 
containing a promoter for recogni- 
tion by the polymerase. This RNA 
polymerase I! dependent reaction is 
highly sensitive to the presence of 
a-amanitin. The whole cell extract is 
prepared as described by Manley 
and coworkers. ? 


The system also includes UTP, 
{a-**P]- for labeling specific mRNA 
precursors. A control DNA template, 
the cloned Bal I-E restriction frag- 
ment of Adenovirus-2, has been 
used to optimize the system and is 
included with it. This control should 
be used by the investigator to deter- 
mine proper functioning of the 
system. 


Components sufficient for perform- 
ing 50 assays (251 reaction vol- 
ume) are listed below: 

UTP, [a-**P]- 

HeLa Cell Extract 

Control DNA Template 

Transcription Cocktail 

Deionized Water 


Ordering information: 
NEK-O14 (50-reaction system) 


Maney, J.L., Fire, A., Cano, A., ‘Sharp, PA. and — 
Gefter, M.L PNAS (U.S.A.), 77: 3855 (1980) 





































Translation 
Now Proline [H] 


NEN’‘s in vitro protein translation 
systems have made cell-free transla- 
tions of eukaryotic mRNAs exception- ` 
ally reliabie and reproducible. These 
systems are offered with either 
Methionine, L-[°5]- or Leucine, 
L-PH]- or Proline, L-(°H]- labeled 
tracers. All three utilize an extract of 
rabbit reticulocyte lysate that has bee 
treated with micrococcal nuclease 
to remove endogenous mRNA. The 
lysate is prepared under strictly con- 
trolled conditions to ensure retention 
of'high protein synthesis activity. 


The components include: 
Rabbit Reticulocyte Lysate 
Methionine, L-[*°S]-, or 
Leucine, L-(3,4,5-°H]-, or 
Proline, L-| 2, 3,4,5-°H]- 
Translation Cocktail 
Control mRNA 
Magnesium Acetate 
Potassium Acetate 
Deionized Water 


Each lot of systems is biologically 
tested with the control mRNA. A grap 
demonstrating Methionine, Leucine, 
or Proline incorporation is provided 
with your shipment. 


Ordering information: 


NEK-001 (Met [°5S]}) (100 reactions): 
NEK-OOJA (incl. extra ml lysate) 
NEK-001B (tracer shipped as needed 


NEK-002 (Leu [°H]) (100 reactions) 
NEK-002A (incl. extra mi lysate) 
NEK-013 (Pro [°H]) (20 reactions) 
NEK-O13A (100 reactions) 


549 Albany Street, Boston, Massachusetts 02118 
Cali toll free: 800-225-1572 Telex: 94-0996 
(in Massachusetts and international: 617-482-9595) 


Chemicals GmbH: D-56072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034. Telex 4.17990 NEN D 
i 12453 46ih Avenue, Lachine, Gue. H8T 3C9, Tel, 514-636-4971. Telex 05-8721808 
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RPC-5 ANALOG 


for Nucleic Acid Chromatography 








After extensive research, development, and testing, BRL is now The performance characteristics of RPC-5 ANALOG make it 
introducing RPC-5 ANALOG, a chromatography matrix with the resin of choice for molecular biologists interested in 
performance properties quite similar to the well-characterized nucleic acid chromatography because it provides: 


RPC-5.! RPC-§ ANALOG chromatography is a useful tool for 
analytical and preparative fractionation of: 


è Bacterial plasmids and supercoiled viral DNA @ High resolution 

@ Cloned DNA fragments ® High capacity 

@ DNA restriction fragments è Quantitative recoveries (milligram quantities) 
@ Oligomers of ssDNA and RNA (synthetic and natural) è Rapid separations 

e Complementary strands of restriction fragments @ Reduced costs 

@ Recovery of DNA from agarose gels è Ease of use 


‘TWells, R. D., Hardies, 5. C., Hom, G. T, Klein, B, Larson, J. E, Neuendorf, $. K, Panayotatos, N, 
Patient, R. K and Seising, E. (1980) Metiods in Enzymol. 65, 372-347. 


for DNA Plasmid Purification 


RPC-5 ANALOG column chromatography is especially useful in the purification of plasmids from cellular lysates as illustrated in 
Figure 4. The resolution of the plasmid is so complete that BRL has been able to develop a rapid batch method that still yields 
plasmids of 99% purity (Table 1). 


TABLE | 
Comparison of Plasmid DNA Purification Methods 


CsCl - EtBr RPC-5 ANALOG RPC-5 ANALOG 
Gradients Column “Batch Method" 


4 mg/13 mi 
Capacity gradient 1 mg/4.7 gm resin 1 mg/5 gm resin 


Recovery >95% 


ey) On 


Purity 99% 
Purification time 30 hours 
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Figure 4. RPC-5 ANALOG chromatography of a total nucleic acid extract of a P.O. Box 577, Gaither sburg, MD 20760 
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4501AC 500 grams Telephone 06102-3206 
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if you have technical questions regarding RPC-5 ANALOG, call the Technical Services Department and ask for Dr. Tony 
Thompson at (800) 638-4045, extension 40. 


For more Information about BRL® RPC-5 ANALOG, circle No. 01 on the Reader inquiry Card. 
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Nuclear issues in the Middle East 


The conclusion that the Israeli raid on the Iraqi reactor at 
Tamuz on 7 June will have caused more diplomatic than physical 
damage is strengthened as the weeks pass. The organization now 
most on the defensive is not the government of Israel but the 
International Atomic Energy Agency in Vienna, which has had 
the invidious task in the past month of defending itself against the 
charge that its technical safeguards intended to prevent the 
diversion of fissile materials to military purposes are inadequate 
to the need. At the same time, many readers have taken offence at 
the leading article of 18 June which, among other things, argued 
that the Israeli attack was unjustifiable and that steps should now 
be taken, chiefly by the United States, to ensure that Israel signs 
the Non-Proliferation Treaty. The letters of protest have several 
themes in common — that the Tamuz raid was not a breach of 
international law because Iraq and Israel are technically in a state 
of war; that Iraq’s motive for embarking on a nuclear programme 
cannot have been pacific, given its substantial reserves of 
petroleum; that Iraq’s membership of the Non-Proliferation 
Treaty is irrelevant because the safeguards procedures are 
ineffective; and that in any case it is no business of a journal such 
as Nature to discuss political questions such as those prompted by 
the raid on Tamuz. 

The real world, unfortunately, is neither as tidy nor as simple as 
these protests imply, Those who complain that a scientific journal 
has no place in politics are in general correct. It would, for 
example, be inappropriate (and deeply offensive to the bulk of 
readers) if a journal such as this were to take sides in a political 
election, ‘‘endorsing’’ this or that candidate for, say, the United 
States presidency (which is not, of course, to say that candidates’ 
election promises about support for research are of no interest). 
There are, however, exceptions to the general rule. To the extent 
that complaints about the British government’s policy on the 
universities chime in with those of the government’s political 
opponents, they are inescapably political. And there is hardly any 
aspect of the Non-Proliferation Treaty, a matter of inescapable 
interest to the scientific community, that is strictly technical. The 
treaty, founded on the bargain between non-nuclear and nuclear 
states that the former would refrain from making weapons and 
that the latter would help with the development of civil nuclear 
technology, is intrinsically as much political as technical. More 
generally, it has been plain since the early 1960s that the 
widespread wish to inhibit the spread of nuclear weapons cannot 
be attained by strictly technical means; as the environmentalists 
used to say, there is no technological fix. Neither the treaty nor the 
safeguards elaborated since it came into force eleven years ago are 
a cast-iron assurance that weapons will not spread. International 
pressure and the fear of strategic countermeasures are essential 
ingredients in the now elaborate but untidy system of restraints 
that has developed. Those who consider that the reality is 

ifferent should ask themselves why the first Indian nuclear 
explosion has not been followed by a second even after the 
“passage of seven years. 

But why should the scientific community have an interest in 
arrangements for inhibiting the spread of nuclear weapons? To 
quote J.R. Oppenheimer’s remark at Alamogordo in 1946 that 
“the physicists have known guilt’’ would be to over-dramatize the 
case. Rather, the development of nuclear energy is the most 
striking illustration so far that research and development is rarely 
a benefit unalloyed. For the past three decades, the scientific 
community has been the chief source of policies for the sensible 
control of nuclear energy, both domestically and internationally. 
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Individual scientists have had a decisive inflaence on diplomatic 
innovations whose effect is to inhibit the spread of nuclear 
weapons. Thus the Partial Test-Ban Treaty is more a monument 
to Dr Jerome Wiesner’s flair and persistence than to the good 
sense of his colleagues in the White House in the early 1960s. The 
safeguards system now operated by the International Atomic 
Energy Agency, although imperfect, is one cf many illustrations 
that technical devices (and people) can serve wider interests. But 
to suppose that in such matters technical people should be 
inarticulate servants of the diplomats is no: merely to ask too 
much of flesh and blood but to ignore the constructiveness of 
what the technical community has to offer. As it happens, the 
present is a time of exceptional anxiety about the future 
development and deployment of nuclear weapons. Can it 
seriously be suggested that technical people should help to work 
out and implement agreements of the kind for which people like 
Chancellor Helmut Schmidt have been asking for the past several 
months in strict innocence of the underlying issues? That may bea 
more substantial dereliction of responsibility 

So what are the issues provoked by the raid on Tamuz? The 
efficacy of the international agency’s safeguards systems is 
certainly one of them. And it is proper openly to acknowledge 
that the safeguards system is not leak-proof. It never has been and 
never could be, which is why those who now pretend that the raid 
on Tamuz has for the first time revealed the truth are guilty of 
disingenuousness. For the system depends on the collaboration of 
national governments, which must disclose their activities in 
nuclear energy (and which could, in theory, keep some hidden). It 
supposes that inspections of, say, a reactor will reveal all, when 
some parts of all nuclear installations must be inaccessible on 
safety grounds. It relies to some extent for the detection of 
violations on the accumulation of information about a nuclear 
installation over a period of time, while on paper the treaty 
permits the resignation of any member state on three months’ 
notice. It requires (but unnecessarily) that inspectors should keep 
the information they gather confidential, although the 
appearance of Dr Roger Richter before the Senate Foreign 
Relations Committee in Washington three weeks ago on the 
introduction of Senator Alan Cranston (who is not, as 
erroneously described last week, the chairman but only a member 
of the committee) shows that even that stipulation can be 
circunvented. 

But so what? The Non-Proliferation Treaty is not the only 


treaty of its kind that relies on less than perfect arrangements for a 


the detection of violations. Who, for example, would pretend that 
the requirements of the Threshold Test-Ban Treaty (which 
restricts the yield of underground nuclear tests to the equivalent 
of less than 150,000 tonnes of TNT but which relies on seismic 
measurements of actual yield that may be in error by a factor of 
two) are cast-iron? For at least two decades it has been accepted 
that no arms control treaty can embody cast-iron arrangements 
for verification. The objective is to ensure that the risk of 
detection is great enough to deter violation —- and that the 
diplomatic risks of abrogation are equally forbidding. It was 
irresponsible of Senator Cranston to pretend that Dr Richter’s 
evidence amounted to the first discovery of these truths, just as it 
was reprehensible of Dr Richter to give the Foreign Relations 
Committee a partial account of the internal discussions of the 
Iraqi reactor within the international agency. (Dr Hans 
Gruemm’s account on page 187 is inherently more credible.) 
Two other issues have been raised by correspondents, of which 
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the argument that the raid on Tamuz was legal because Israel and 
Iraq have never signed a peace treaty with each other is the least 
substantial. The delicacy of the military and political problems of 
the Middle East is notorious and several states, supporters of 
Israeli independence prominent among them, have spent much of 
their energy in recent years (no doubt partly from self-interest) 
seeking devices (of which Israel has known and approved) for 
making life less dangerous for Israelis and Iragis. Mrs Jeanne 
Kirkpatrick, the United States representative at the United 
Nations, told the Security Council on 19 June that Israel had 
“hurt, not helped, the peace and security of the area’’. The same 
meeting of the council went on unanimously to adopt a resolution 
condemning the Israeli raid on Tamuz, asserting that Iraq should 
be compensated and demanding that Israel’s nuclear facilities 
should be subject to international safeguards. Legality does not 
often excite such strictures. 

What, then, happens next? The new government of France, 
which originally agreed to the contract under which the reactors at 
Tamuz were built, has fortunately reafffirmed its curious quasi- 
adherence to the Non-Proliferation Treaty — although not a 
signatory itself, it requires its nuclear customers to sign. Indeed, 
President Mitterrand, no doubt in reaction to recent bellicosity 
about nuclear weapons by President Hussein of Iraq, has made 
plain his intention of being even tougher in the future. In the 
United States, there is also now a prospect of a more rational anti- 
proliferation policy —- the new Administration is apparently to 
announce this week its acceptance of the explicit bargain in the 
treaty that nuclear powers must be dependable sources of nuclear 
technology and materials if non-nuclear powers are to continue 
with their undertaking not to make nuclear weapons. (The 
promise does not distinguish between states with and without 
reserves of petroleum, nor should it.) There is much that could be 
done to improve the safeguards procedures of the international 
agency, but to the extent that non-nuclear powers may be required 
to assume obligations not originally contracted for, these 
questions should be raised at the next review conference of the 
treaty four years from now (which, as these things go, is almost 
tomorrow). Some attention should also be paid to recent Israeli 
advocacy of a nuclear-free zone in the Middle East — the 
stumbling block so far is that such a treaty would entail 
recognition of the state of Israel by its Arab neighbours and thusa 
resolution of the whole problem of the Middle East, but that is not 
a sufficient reason for ignoring the subject. The most immediate 
need, however, is that the nuclear powers and especially the 
United States should give whatever help they can to the 
international agency that has the invidious task of supervising the 
working of the Non-Proliferation Treaty. Behaving as if the 
treaty means what it says, which it does, is the most urgent need. 
Beyond that, it is essential that the nuclear powers signatory to the 
treaty should recall the reasons why they were given a drubbing at 
the second review conference in August last year, and that they 
should do what they can to implement those provisions of the 
Non-Proliferation Treaty that promise further steps (beyond Salt 
I) towards strategic arms control. Is it possible that Mr Eugene 
Rostow, now confirmed as director of the United States Arms 
Control and Disarmament Agency and a hawk in President 
Kennedy’s administration, will be a dove in Mr Reagan’s? 


Lightning without cause 


The British university system, more than ever alive with rumour 
when it is not already on vacation, is buzzing with a curious 
canard; is it possible, people are asking, that the way in which the 
cuts announced last week by the University Grants Committee 
have fallen has been surreptitiously guided, even invited, by stool- 
pigeons within the institutions concerned? This fanciful notion 
seems in many places to be the simplest explanation of how, 
without apparent consultation, the University Grants Committee 
has been uncannily perceptive in its suggestions of how individual 
universities should trim their sails. A university whose members 
have for years been complaining among themselves that too many 
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biological departments teach their own individual introductory 
courses is likely now to have been told to cut back on the teaching 
of ‘‘conventional biology’’. Chemistry departments here and 
there, whose members from time to time hang their heads with 
shame about the quality of their collective research, have found 
that their universities (against the general trend) have been 
advised to cut back on physical science. But who can have spilled 
the beans about this supposedly secret knowledge? Academics are 
understandably looking with suspicion at their vice-chancellors, 
those people who travel most often to London. 

The truth is simpler. Supposedly secret knowledge is usually 
not as secret as its holders suppose. Many of the grants 
committee’s negative decisions — ‘‘cut this, cut that’? — are 
intelligible. For more than a year, for example, the committee has 
been urging that too many British universities have been making 
too much provision for the teaching of Russian; is it surprising 
that Russian departments were conspicuous among those marked 
out for oblivion two weeks ago? It is a misfortune that so few 
would-be students at British universities seek to be Russian 
experts. The grants committee’s recommendations in other fields, 
and in the sciences especially, are harder to understand. Although 
some of the universities now complaining that they have been told 
to close departments superficially in the national interest know 
secretly that their case is only weak, others are genuinely (and 
rightly) puzzled. At least part of the explanation seems to be that 
the grants committee has relied on the public research councils for 
advice on the health and strength of research in departments of 
this or that at particular universities, discounting the importance 
of industrial support. But even more machiavellian calculations 
may have been involved; is it possible that the committee has 
assumed that the universities most seriously affected by its cuts 
are few enough in number to be able to capture support from 
industry? If so, the calculation is in error. Industrial companies 
will seek to back the winners in the committee’s sweepstake, not 
the losers. And the chance of forcing a few British universities to 
make a new (and industrially-linked) way for themselves has been 
lost. 

Science and technology in the new pattern of British 
universities will also be affected by a previously unremarked 
feature of the grants committee’s general letter to universities — 
the absence (for the first time for many years) of ‘‘advice”’ about 
the way in which total student numbers should be partitioned 
between undergraduates and graduate students. Briefly, it will be 
left to universities individually to decide what balance should be 
struck. Those universities most seriously deprived of funds will 
decide, other things being equal as the economists say, to take in 
more undergraduates and fewer graduate students (who are more 
expensive). This simple calculation will, however, be muddied by 
calculations of the costs of dispensing with tenured faculty 
members. In the interests of the British university system, it would 
be a great advantage that postgraduate education should be more 
concentrated than it is, but itis unreasonable that universities that 
would benefit from following such a course should be expected to 
do so if the immediate consequence is that there is even less to 
spend on immediate needs — and no mechanism for making sure 
that bright undergraduates have a means of becoming graduate 
students themselves. 

What this implies is that the grants committee’s declarations 
about the immediate prospects for British universities cannot in 
themselves become a policy for the universities. They are at best a 
challenge to the other interested parties — the research councils, 
the universities themselves but also the government — to hammer 
out some kind of policy for the future. On present form, and that 
of the past two weeks, nothing much will happen. Most of those 
most closely concerned will be on vacation between now and when 
the cuts begin to bite. By then, it will be apparent that it is too late 
even for invigorated administrators of the British university 
system to exert much influence. The danger, as things have turned 
out, is that the academics most threatened by what the grants 
committee has decreed will be on holiday when crucial decisions 
must be made about the institutions for which they work. Too 
bad, people will be saying. 
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Row over nuclear safeguards continues 


IAEA official 
denies evidence 
to Congress 


The evidence given by Dr Roger Richter 
in the past few weeks to the foreign 
relations committees of the United States 
Congress was distorted, partly for effect 
and partly out of ignorance, according to 
Dr Hans Gruemm, the Austrian physicist 
who is head of the safeguards division of 
the International Atomic Energy Agency 
(IAEA). Dr Gruemm was speaking at a 
conference of the Institute of Nuclear 
Materials Handling in San Francisco 
on Monday this week. 

In his address, Dr Gruemm acknow- 
ledged that the attack on the Iraqi reactor 
at Tamuz on 7 June, and the public 
comment that had followed — as well as Dr 
Richter’s removal of confidential papers 
from the agency — had undermined the 
credibility of the safeguards system. He 
said, however, that the agency’s internal 
memorandum dated 10 March, made 
public during the Senate hearings, was only 
one of several documents circulating 
within the agency and concerned with the 
improvement of safeguards on large 
research reactors. 

The memorandum of 10 March, 
addressed to Dr Gruemm by Dr T. Shea of 
the agency’s safeguards division, is a 
minute of a staff meeting on 12 February 
called to consider the feasibility of closing 
two loopholes in the agency’s safeguards 
procedures — the possibility that a state 
covered by inspection might not have 
declared all the nuclear material used in its 
operations, and the possibility that 
reactors under safeguards might be used 
for making plutonium (or uranium-233) by 
the clandestine irradiation of natural 
uranium (or of thorium). 

The meeting concluded that it would not 
be feasible to detect undeclared stocks of 
nuclear materials except by means of 
country-wide surveillance not covered by 
the safeguards provisions. On the use of 
reactors for the production of fissile 
material by neutron bombardment, the 
meeting apparently acknowledged that 
routine inspection would not always detect 
the use of uranium or thorium in this way 
because of the frequency with which 
samples for irradiation would normally be 
loaded and withdrawn (as in the 
production of short-lived isotopes), listed 
five technical devices that might serve 
continuously to monitor such illicit uses, 
agreed that none had been “‘identified’’ as 
“effective and efficient’? and suggested 
further study. Dr Richter, in his account of 
these proceedings, did not say that the 
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agency was concerned. 

Dr Gruemm said in San Francisco this 
week that the meeting in Vienna in 
February (at which Dr Richter had not 
been present) was only one of several 
technical meetings called to discuss 
improvements of safeguards procedures 
made possible by the recruitment of extra 
inspectors. He complained that Richter 
had not mentioned that studies of the 
feasibility of detecting the use of research 
reactors for manufacturing fissile material 
had been begun in 1980. 

Dr Gruemm also said that detailed 
studies of the Tamuz reactor as a means of 
producing clandestine fissile material were 
begun at the end of 1979, when the agency 
was first informed of the transfer of 
natural and depleted uranium to Iraq. The 
agency’s calculations showed that it might 
be possible to produce between one and 
two ‘“‘significant quantitics’’ (bomb units) 
of fissile material each year, but that this 
would be possible only by replenishing the 


187 i 


reactor core ‘several times a year” with 
enriched uranium, presumably from 
France. To make optimum clandestine use 
of the reactor, it would also have been 
necessary to add cooling circuits to the 
reactor, which would have been visible on 
inspection. 

Dr Gruemm’s statement in San 
Francisco is, however, unlikely soon tostill 
the argument about the efficacy of the 
agency’s safeguards, even though the 
agency appears to have resolved its 
previously chronic manpower problems — 
its professional safeguards staff increased 
fourfold (to 206) between 1970 and 1980. 

Meanwhile, interest in the capacity of 
Israel to manufacture nuclear weapons has: 
been revived by the report of a panel 
appointed by the United Nations, 
including Dr George Quester of Cornell 
University as its United States 
representative, that Israel is probably now 
in a position quickly to produce a 
substantial number of nuclear weapons. 


Chevènement still battling for control 


The nouvelle politique of science in 
France is off to a shaky start. Jean-Pierre 
Chevénement, Minister of State for 
Science and Technology, is still struggling 
with the Ministry of Industry for the 
control of certain key institutions; while on 
the other wing the more radical unions are 
calling for the resignation of certain 
research directors of the old regime. 

The minister’s contribution, announced 
last week, to the new 1981 budget — an 
adjustment to that of the previous 
government’s — also falls a long way short 
of what he must aim for to bring French 
research and development spending up to 
the promised 2.5 per cent of gross national 
product by 1985. He will ask the National 
Assembly for an additional FF 154.9 
million (around £15 million) compared 
with a total 1980 expenditure of FF 14,500 
million, excluding defence research. That 
amounts to a l per cent increase; M. 
Chevénement will need ten times as much 
next year. 

Of this year’s extras, the minister will ask 
for FF 68.5 million to pay new salaries at 
the Centre National de la Recherche 
Scientifique (CNRS) — the main basic 
research agency —- and at the Institut 
National de la Recherche Agronomique. 
Chevénement foresees the creation of 525 
new posts, most of them for technicians 
and administrators. Then FF 25 million 
would prop up the contribution to the 
European centre for nuclear research 
(CERN) against the recent fall in the 
French franc. And FF 61.4 million would 
increase running budgets — but not of the 
basic research agencies. The Agence 
Nationale pour la Valorisation de la 
Recherche, which helps to convert 
discoveries in French laboratories into 


innovations in French industry —— and is 
rather a pet of M. Chevénement’s — would 
get FF 60 million, and the remaining FF 1.4 
million would go to the Centre National 
pour l’Exploitation des Océans to create 
fish farms. 

Meanwhile Chevénement is struggling to 
establish his authority over the non- 
military research activities of the atomic 
energy and space authorities (CEA and 
CNES), and of the Agence Nationale pour 
la Valorisation de la Recherche itself, all of 
which at present belong to the Ministry for 
Industry. Chevénement’s determination to 
control these agencies, in one way or 
another, and so to have — through the 
management of innovation — a major say 
in the socialist transformation of French 
industry, is not going down well among 
industry ministry bureaucrats, and they are 
now briefing their second minister in a few 
months, M. Pierre Dreyfus, to resist the 
scientific upstart. 


However, Chevènement will almost: 


certainly gain control of the Centre. 
National de la Recherche Scientifique, 
where the unions — to whose interests. 
Chevènement is sensitive —- are becoming 
active. Most dramatically, the communist- 
affiliated Syndicat National des 
Chercheurs Scientifique last week called 
for the resignation of both the president 
and director of CNRS, Professor Charles 
Thibault and M. Jacques Ducuing. The 
director-general of the medical research 
agency, INSERM, M. Philippe Laudat, 
should also resign, said the union. They 
stand in the way of progress, according to 
the union secretary-general M. Michel 
Gruselle. Chevénement is cryptic; when 
asked recently if heads would roll, he said 
“we shall see’’. Robert Walgate 
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Fusion research 
Where to next? 


Brussels 

The European Economic Community 
and its partner countries, Sweden and 
Switzerland, should go ahead with research 
into thermonuclear fusion — according to 
the European fusion review panel. The 
road to commerical fusion will, however, 
“be long and costly’’ and it appears 
unlikely that commercial fusion power will 
be in general use within the next 50 years. 
These are the main conclusions in the 
review panel’s report published last week. 

The European Commission has also 
released the proposed programme for the 
next five years (1982-86) which will now be 
discussed in the committee of the member 
states’ permanent representatives 
(Coreper). It says that a major landmark in 
fusion research has almost been reached. 
There is a good prospect that the full 
objectives of JET (Joint European Torus) 
may be achieved and that the results could 
go beyond the stated objectives and attain 
thermonuclear ignition. 

The construction of the basic JET device 
is now expected to be completed by the end 
of 1982 and the first discharge could take 
place in April 1983. A problem in going 
further, the review panel’s report points 
out, is that the device will become 
radioactive and hence inaccessible after 
experiments with tritium take place. But 
unless this step is taken, JET cannot be 
used to answer the crucial question of how 
the plasma behaves wher. alpha particles 
from the deuterium-—tritium reaction are 
produced in large quantities. This 
knowledge is essential for progress towards 
the stage after JET. 

This next step is called, with refreshing 
logic, NET (Next European Torus) and 
would demonstrate the technical feasi- 
ibility of a commercial tokamak. The 
concept of an international commercial 
demonstration tokamak (INTOR) is being 
studied under the auspices of the 
International Atomic Energy Authority 
(IAEA). The review panel recommends 
that the Europeans need to make prepar- 
ations for studies of the new technologies. 

“But the Community will only be able to 
contribute to and benefit from INTOR 
if it develops in parallel its own design of a 
next step device and the technological 








JET nears completion 


know-how necessary to undertake its con- 
struction. Both the Japanese and 
Americans are planning their own next step 
devices” warns the report. 

The panel also weighs up the pros and 
cons of fusion research apart from the 
tokamaks and, not surprisingly at this early 
stage in the art, feels that options should be 
kept as wide open as possible. The three 
new specialized tokamak projects (TORE 
SUPRA, FTU, ASKEX-UPGRADE), 
which are at various stages of design, are 
also considered well justified. 

Both the European Commission and the 
review panel favour the Reverse Field 
Experiment (RFX) proposed by 
laboratories in Culham, Padua and Los 
Alamos. An agreement has been drawn up 
under which the United States contributes 
$8 million out of the total cost of $48 
million, but this awaits approval from the 
member states. The United States is also 
likely to participate in the two-stage 
development of the Advanced Stellarator. 
This would mean rebuilding the existing 
device in Garching, West Germany, and a 
new and much bigger stellarator later on. 

All this research is likely to cost around 
1,500 million European Units of Account 
(£740 million) over the next five years, 
according to the report: 400 million for 
JET, 560 million for the running costs of 
the associated laboratories, 125 million for 
investments in new supporting tokamaks, 
260 million for the technology programme 
and NET and about 40 million for 
investments in the new alternative devices. 
This agrees with what the Commission has 
outlined. 

The review panel’s report highlights 
several issues likely to give rise to political 
problems. One of these is the future of 
Culham. Should it be the site of the next 
step project and what should be done to 
prevent the tokamak becoming useless 
once it is radioactive? Also questioned is 
the belief that fusion is as unpolluting as 
has been argued — the radioactive waste 
will have to be stored. Finally, there is a 
danger that the duration of nuclear fusion 
research will outstrip the mortality of its 
acolytes. The average age of Community 
staff is 45 and the increase of average age is 
very nearly one year per year. Thus in 
about 15 years time when these staff retire, 
most of the know-how acquired in 30 to 40 
years of research ‘‘will disappear rather 
suddenly.” Jasper Becker 
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Start again folks 


Washington 

After four years of delay caused largely 
by President Carter’s reluctance to make a 
full-scale commitment to the ‘plutonium 
economy”, plans for the construction of a 
liquid metal fast breeder reactor at Clinch 
River in Tennessee have been put squarely 
back on the rails by the US Congress. 

Despite support from President Reagan, 
it was never a foregone conclusion. In May, 
the Science and Technology Committee of 
the House of Representatives voted against 
funds for the initial construction work on 
the 350 megawatt reactor, which has been 
on the drawing board since the early 1970s, 
and for which over $500 million worth of 
components have already been delivered. 

In previous years the same committee 
had spearheaded congressional efforts 
which succeeded in preventing President 
Carter from killing the project; this time, 
cost-conscious Republicans added their 
voices to the previous minority which had 
argued that no further federal funds should 
be committed. 

But larger political forces were at work. 
In particular, strong support for the con- 
struction of the Clinch River reactor came 
from Senate Leader Howard Baker, who 
represents Tennessee, and for whom the 
reactor means both jobs and votes. Re- 
flecting Mr Baker’s wishes, the House 
accepted a Republican amendment to the 
budget bill at the end of last month which 
overturned the recommendations of the 
Science and Technology Committee and 
inserted $230 million for preliminary con- 
struction of the reactor as proposed by Mr 
Reagan. 

Similar approval has already been given 
by the Senate (which, ironically, has in past 
years voted to terminate the project). And 
although the decision to go ahead with con- 
struction must now pass through the 
appropriations process, it seems that after 
the crucial House vote this will be little 
more than a formality. 

Opponents of the fast breeder maintain 
their opposition on several grounds. One is 
that the declining price of uranium over the 
past three years has reduced the need for a 
rapid breeder programme. The pressure 
has also been eased by declining 
predictions of future demand for electric- 
ity. And even many of those who support 
fast breeders in principle feel that the 
Clinch River design is now out-of-date. 

The critics appear to have a covert ally in 
the new director of the Office of Manage- 
ment and Budget, Mr David Stockman. 
Long opposed to heavy federal subsidies 
for energy demonstration projects, Mr 
Stockman wrote to fellow Congressmen in 
1977 stating explicitly that the federal 
government’s 90 per cent support for the 
Clinch River reactor was ‘‘totally incom- 
patible with our free-market approach to 
energy policy”. 
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Yet with over $100 million of their own 
money already spent, the 733 utilities 
involved have been pushing for con- 
struction to go ahead. The level of jingoism 
has been high. Visitors to the Clinch River 
site are given a free coffee mug inscribed 
“we are fighting for energy 
independence’. And in a letter expressing 
their support, 17 members of a group 
known as Scientists and Engineers for 
Secure Energy, headed by ex-president of 
the National Academy of Sciences, 
Frederick Seitz, gave as one of their reasons 
that “in view of recent political develop- 
ments in certain Western countries, par- 
ticularly France, the Clinch River Project 
may become the only reliable technological 
undertaking of its kind in the free world’’. 

But in the end the personal support of 
Senator Howard Baker has been decisive. 
As characterized in the House budget bill, 
the liquid metal fast breeder reactor 
(LMFBR) will be one of a series of steps 
designed to bring US breeder technology in 
line with that of other industrialized 
nations. 

The most recent of these steps has been 
the successful operation last December of 
the Fast Flux Test Facility (FFTF) at the 
Department of Energy’s Hanford Reser- 
vation in Washington State. Late in March 
of this year, the 400 megawatt test facility 
emerged with flying colours from a safety 
test in which the reactor was shut down 
from full power, and the main coolant- 
circulating pumps were turned off. 
Construction of the Clinch River reactor, 
say its supporters, is the logical next step. 

In approving the Clinch River funding 
(and therefore channelling support away 
from solar energy and conservation 
research which the Science and Technology 
Committee in the House of Represent- 
atives had preferred), the House 
authorized an initial $15 million for the 
planning of a 1,000 megawatt reactor. 

How much future support for the 
breeder programme will, in fact, be forth- 
coming from the Reagan Administration 
remains uncertain. In his formal presen- 
tations, budget director David Stockman 
has forsworn his earlier statements and 
repeated the Administration’s support for 
LMFBR. In private, however, Mr 
Stockman and his officials at the Office of 
Management and Budget are said to be 
strongly opposed to further substantial 
government subsidies of the nuclear 
industry, including its fast breeder plans, 
preferring that the utilities should pay. 

Meanwhile opponents have not given up 
the fight, They are giving wide publicity to 
the findings of a congressional investi- 
gation team that some of the contractors 
may have been overcharging for com- 
ponents already supplied. In the wings is a 
debate about whether the reactor meets the 
new siting requirements introduced by the 
Nuclear Regulatory Commission after the 
Three Mile Island accident. Congress may 
have made up its mind, but the public 
debate is far from over. David Dickson 
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Changing the guard 


Washington 

In a small but symbolic way, last 
Thursday may turn out to be a significant 
turning-point in the history of public 
controls on genetic engineering. Meeting in 
Bethesda, Maryland, an advisory com- 
mittee to the National Institutes of Health 
(NIH) decided to recommend to its parent 
body, the Recombinant DNA Advisory 
Committee (RAC), a further substantial 
relaxation of the safety controls applied to 
recombinant DNA research. 

Meanwhile 50 miles away, in the depths 
of the Virginia countryside, a presidential 
commission established to look at the 
ethical problems raised by biomedical 
advances has suggested the establishment 
of a new body — possibly at an inter- 
national level — charged to seek a social 
consensus on the various dilemmas which 
the expanding clinical use of genetic 
engineering techniques will raise. 

The RAC subcommittee was set up at a 
meeting of the full committee in May to 
discuss proposals for a significant re- 
laxation in the safety guidelines made by Dr 
David Baltimore of the Massachusetts 
Institute of Technology and Dr Allan 
Campbell of Stanford University (Nature7 
May, p.3). 

The subcommittee, whose recommen- 
dations will now be discussed at the next 
full meeting of RAC in September, did not 
agree that NIH guidelines should be made 
voluntary. However, they did suggest that 
detailed rules for the composition of local 
institutional biohazards committees (IBC) 
be removed. 

If eventually approved by NIH, this 
would mean that research institutions 
would no longer be required to include 
“public interest’? representatives, for 
example, on their IBC (although many 
would probably continue to do so). It could 
also mean that the responsibilities of the 
IBC to ensure compliance with the 
guidelines could be delegated to a single 
institutional biosafety officer. 

The subcommittee also supported a 
proposal to eliminate from the guidelines a 
detailed listing of containment procedures, 
and its replacement by a statement that 
such procedures should follow 
recommendations being developed by the 
Center for Disease Control for experiments 
using the host or the vector separately. 

In other cases the subcommittee 
proposed that P1 containment levels be 
used, and that a statement be included 
about donor DNA, saying that if there is 
clear evidence that the donor DNA will 
significantly alter the pathogenicity of the 
host, then the appropriate containment 
level will be applied. 

Some of the suggestions approved by the 
subcommittee — for example that all pro- 
hibitions requiring special permission from 
the director of NIH, including work with 











































+ F3 
Ziman speaks out | 
Professor John Ziman on Monday). 
strongly criticized the Royal Society, of) 
which he is a fellow, for sluggishness on 
human rights issues. He was addressing 
the All-Party Parliamentary Committee 
for Soviety Jewry at a special award 
ceremony in the House of Commons, at 
which he received on behalf of Dr Viktor 
Brailovskii, who last month was 
sentenced to five years’ Siberian exile, a 
Henry Moore lithograph entitled ‘‘for 
courage in defence of freedom”, 

Professor Ziman earlier this year had 
received, in conjunction with Dr John 
Humphrey (until recently deputy director 
of the National Institute of Medical 
Research) and lawyer Paul Sieghart, the 
second annual Airey Neave award, which 
will finance a study of freedom in science. 
He was therefore an obvious proxy for Dr 
Brailovskii who, unfil his arrest last 
November, had acted as host and 
organizer of the Sunday seminar for 
Jewish ‘“‘refusnik’’ scientists denied 
emigration visas but dismissed from their 
academic posts after applying for them. 

Professor Ziman said it would have 
been more appropriate that Dr 
Brailovskii’s proxy should have been not 
a private scientist such as himself but the 
| president of the Royal Society in his 
official capacity. He recalled that Dr 
Aleksandr Voronel’, the founder of the 
Sunday seminar, said in Britain shortly 
after being allowed to emigrate in 1974 
that “the seminar is the only true repre- 
sentative of free and independent science 
in the Soviet Union’’. The Royal Society, 
whose official aim is ‘“‘improving human 
knowledge”, should therefore, said 
Professor Ziman, give the fullest possible 
support to the seminar — support which, 
so far, it has been reluctant to afford. 
Vera Rich 

















cultures over 10 litres, be eliminated from 
the guidelines —- went further than Dr 
Baltimore and Dr Campbell had proposed 
to RAC. Others, such as the continuation 
of local biosafety procedures and the 
recommendation that the guidelines 
remain mandatory for scientists working 
with NIH funds, are more conservative. 

Any decisions by RAC at its next meeting 
will be subsequently published in the 
Federal Register for public comment. 
After that, the matter will rest with Dr 
Richard M. Krause, director of the 
National Institute of Allergy and 
Infectious Diseases, who was given full 
responsibility for ensuring compliance 
with the guidelines by Dr Donald 
Fredrickson when he resigned as NIH 
director on 30 June. 

As the safety debate is being wound 
down at NIH, a complementary discussion 
about the steps necessary to prevent un- 
desirable clinical applications of genetic 
manipulation techniques. has been getting 
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under way with the President’s 
Commission for the Study of Ethical 
Problems in Medicine and Biomedical and 
Behavioral Research. 

The commission was asked last year to 
look at the ethical issues raised by genetic 
engineering by President Carter’s science 
adviser, Dr Frank Press, following a letter 
to the President from three church groups 
expressing concern that recent advances in 
genetic research meant that ‘‘those who 
would play God will be tempted as never 
before’’. Since then the churches involved 
have not demonstrated a particularly close 
interest, but public concern has been stimu- 
lated by various press reports of potential 
new surgical techniques. 

At last week’s meeting the members 
discussed a draft report on the ethical and 
social aspects of genetic engineering. And 
although reluctant to raise, unnecessary 
fears, they agreed that the implications 
were likely to be significant — for example 
in terms of the potential ability of an 
individual to alter the genetic character- 
istics of his or her descendants. 

Most commission members agreed that 
there. was a need for a wider public dis- 
semination of information about the 
potential effects of new clinical techniques. 
Also that it might be appropriate for some 
type of advisory body to indicate areas in 
which caution should be used. 

There was less of a consensus on whether 
_ jt was desirable that such a body should 
suggest that certain types of experiments — 
for example the cloning of a human being 
— should be prohibited. Some, for 
example, suggested that any attempt at 
what the draft report described as the 
“control of evolution’’ should be 
proscribed; others pointed out the phrase 
was so broad as to include many currently- 
accepted practices, such as the treatment of 
diabetes with insulin. 

The commission also debated whether 
discussions should take place at an inter- 
national level. There was general 
agreement, however, that achieving inter- 
national consensus on the boundary 
between acceptable and unacceptable 
practices would be even more difficult than 
ata national level. David Dickson 


New substance regulations 


Industry complains 


The British Chemical Industries 
Association is protesting vigorously at the 
draft on the notification of new chemical 
substances drawn up by the Health and 
Safety Executive. The association claims 
that the draft regulations would mean the 
end of research and development in the 
British chemical industry. 

The draft regulations were published last 
February, when comments from interested 
parties were invited by the end of this 
month. They are an attempt to bring 
British practice into line with a directive of 
the European Commission, whose aim is to 
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protect “man and the environment’ from 
the potential hazards. of new substances. 
Although. the directive deals chiefly with 
the protection of the consumer, the Health 
and Safety Executive is (given its remit) 
primarily concerned with the protection of 
workers’ health. 

Thus the British regulations would 
require industry to notify not only all new 
manufactured substances but also all new 
intermediates in chemical processes. The 
Chemical Industries Association 
complains that the extra costs involved will 
drive research and development away from 
Britain. The dilemma is, however, real. 
The Health and Safety Executive says that 
intermediates must be tested if existing 
regulations to: protect workers from 
potential hazards are to be put on a more 
formal basis than required by the Health 
and Safety at Work Act. 

The consultative document is precise 
about the tests required for new chemicals. 
Manufacturers would be required to assess 
the toxicity of substances by LD,, tests, 
provide data on skin and eye irritability, 
tests for mutagenicity and possibly 
carcinogenicity and teratogenicity. They 
would also have to provide data on biode- 
gradability. The executive estimates that 
the total cost would be about £45,000 per 
substance. 

The objections of the chemical industry 
appear to centre more on the range of 
chemicals covered than the direct cost. As 
well as chemical intermediates, the draft 
regulations cover pharmaceuticals, food- 
stuffs and pesticides, all of which are 
excluded from the European directive on 
the grounds that they are covered by other 
regulations. The Health and Safety 
Executive’s argument is that such assess- 
ments relate only to specific uses, and are 
not necessarily sufficient. 

After the July deadline, the chemical 
industry will also be arguing for a 
strengthening of the provisions for 
preserving confidentiality. The association 
is concerned that valuable data, especially 
those on intermediates which would 
provide information on novel process 
routes, could fall into competitors’ hands. 

So far, few other bodies have put in 
comments, but the trade unions and en- 
vironmentalists will also be having their say. 
The controversy aroused by the chemical 
industry’s response, however, suggests that 
further negotiation will be needed before 
the regulations are in a final form and that 
the European Commission’s 18 September 
deadline for the implementation of legis- 
lation will not now be met. 

The European Commission is at the 
same time going ahead with its plan to 
compile a catalogue of all chemicals manu- 
factured in Europe. Thereafter, industry 
will be required to notify the commission of 
all new chemicals manufactured during the 
past ten years that are not included, a ruling 
that will apply even in countries that will 
not have introduced their own legislation. 

Judy Redfearn 


UK pharmaceutical industry 
Keeping up 


‘‘Britain’s medicine makers have 
brought out an ‘unfashionable’ annual 
report — it tells a success story.” So says 
the cheery publicity blurb announcing the 
1980-81 report of the Association of the 
British Pharmaceutical Industry (ABPI). 
The claimed success is an increase in the 
value of exports of pharmaceuticals to 
£745.4 million in 1980, 16.7 per cent up on 
the sales in 1979, and representing.a £523 
million surplus of exports over imports. 

Evidence of success is rare enough in 
British industry and the bouncy confidence 
affected by ABPI is likely to please a 
government eager for good news. And the 
industry seems to be getting its views across 
with some aplomb. Already this year the 
industry has had a victory in the form of 
new regulations governing the granting of 
the clinical trial certificates which must be 
obtained before new drugs can be tested 
clinically. From March, the certification 
process requires simpler documentation 
and data requirements have been reduced. 

In another area of concern to ABPI, Mrs 
Sally Oppenheim, Minister of State for 
Consumer Affairs, has said that the 
government will try to include a “‘state of 





‘the art’? defence in the EEC directive on 


product liability. The objective is that 
manufacturers should not be held liable for 
injuries to health caused by a product 
which could not be termed ‘‘defective’’ in 
the light of scientific knowledge when the 
drug was put onto the market. 

The supposed main benefits to be gained 
by the simpler clinical certification rules are 
areduction in the 10 to 12 years now needed 
for a new drug to reach the patient (a 
debatable improvement, especially after 
Fisons’ withdrawal of Proxicromil when it 
was all but on the market, see Nature 12 
March, p.81), and a stimulus to encourage 
development of drugs to treat less common 
diseases. 

However, the most tangible effect of 
relaxations in control of drugs in clinical 
trials is likely to be an increase in the 
numbers of trials conducted in the United 
Kingdom rather than in other, less restric- 
tive, countries. This is one factor to be 
considered by multinational companies 
when deciding whether to invest in Britain 
or go elsewhere. At present investment in 
research in the United Kingdom is holding 
up well, with £16 million to be invested by 
Merck, Sharp and Dohme in a 
neurobiology research centre near Harlow, 
£5 million by Upjohn in expanding 
facilities at West Crawley, £10 million by 
the Wellcome Foundation in a chemical 
research laboratory in Beckenham, and 
£3.3 million by Roche in improving 
research facilities at Welwyn Garden City. 
But competition between the developed 
countries for the favours of the research- 
based companies can only increase. 

Charles Wenz 
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Industry and research 
Dupont joins in 


Boston 

Reflecting the growing eagerness of 
industry and universities to find ways in 
which both can profit from advances in 
biotechnology, the chemical company 
Dupont has promised $6 million for genetic 
engineering research to a group of workers 
at Massachusetts General Hospital, one of 
the teaching hospitals associated with 
Harvard University. This announcement 
comes just as scientists, politicians and 
university administrators are completing 
their examination of a ten-year, $50 million 
grant to another group of Harvard 
geneticists proposed by the German 
pharmaceutical house Hoechst-Roussel 
(see Nature 18 June, p. 525). 

The Dupont grant will support the new 
genetics department at the Harvard 
Medical School under Dr Philip Leder who 
is moving to Harvard in September from 
the National Institutes of Health. The 
conditions of the Dupont deal are similar to 
the Hoechst arrangement; the grant 
recipients retain patent rights on dis- 
coveries made with corporate funds, but 
the companies are given exclusive licences 
to develop any products that result. One 
difference in the Dupont grant is that the 
company has not requested training 
positions for its scientists. 

Although most university officials 
applaud these agreements, in the past 
month committees in both the Senate and 
the House of Representatives, officials of 
the National Institutes of Health and high 
ranking university officials from the 
United States and Canada have met 
independently to review Harvard’s new 
affiliations with industry and to question 
whether the quality and independence of 
research will be compromised by corporate 
support. 

These hearings have attracted wide 
attention since Senator William Hatch 
complained that the Harvard~Hoechst 
grant fostered a ‘‘technology leak” by 
giving a German company first crack at 
exploiting discoveries at institutions 
supported by public funds. The victims of 
sucha situation, he suggested, would be the 
US taxpayers who have indirectly 
supported basic research that will benefit 
foreign investors. 

This concern will not be a problem with 
the Dupont grant, because the money will 
be coming from a US chemical and drug 
conglomerate. Dupont plans to give 
Harvard the $6 million in annual instal- 
ments, with $2 million immediately 
and $1 million over each of the next four 
years. 

University officials say that they will 
examine all patentable discoveries very 
carefully to determine whether they were 
made with federal funds or portions of the 
Dupont grant. Only the latter will bring 
Dupont exclusive licensing rights to 
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university-owned patents. 

The toughest scrutiny, however, may 
come from the local city councils. The 
Cambridge City Council has officially 
ordered an investigation of Harvard gene- 
splicing experiments in tax-exempt labor- 
atories. Council members intend to rescind 
tax exemptions where private corporations 
will reap financial benefits. 

Harvard officials do not anticipate an 
investigation of the Dupont grant similar 
to the House investigation of the 
Massachusetts General Hospital-Hoechst 
agreement. Michael D. Stein 


Chinese Academy of Sciences 


Scientist takes over 


China’s Academy of Sciences once more 
has a scientist at its head. A few weeks ago 
the academy’s Scientific Council met for 
the first time for 21 years and elected as its 
president Dr Lu Jiaxi, a physicist, who at 
one time worked at University College 
London under Professor S. Sugden and at 
the California Institute of Technology 
under Linus Pauling. 

Dr Lu takes over the presidency from 
Fang Yi, the minister responsible for the 
State Commission for Science and Tech- 
nology. On resigning, Minister Fang 
stressed that the presidency should be an 
elected post (he had been a government 
appointee) and should go to a scientist. 

At the same meeting, the Scientific 
Council accepted a draft constitution 
which states that the supreme decision- 
making power for the academy will be 
vested in the 400-strong council, which 
from now on should meet every two years. 
Between council meetings, the academy 
will be administered by a presidium of 30 
members, of whom 20 will be members of 
the council and 10 from the Communist 
party and government departments. 

These changes reflect an overall policy of 
increasing the professionalism and prestige 
of Chinese science, which suffered 
considerably during the Cultural Revo- 
lution of 1966-1976. As well as revitalizing 
the Academy of Sciences, recent 
developments include the conversion of a 
teacher’s training college in Hainan into a 
university, which will commence under- 
graduate enrolment in autumn 1983 and 
major discussions on how to develop voca- 
tional and technical secondary education. 
This latter need is so pressing that one 
government spokesman suggested that in 
addition to the state system, private 
projects for training technical workers 
should be encouraged. And to help young 
people develop their interest in science, a 
new ‘National Association of Science 
Coaches for Juveniles” was established in 
Peking, with Jiang Nanxiang, the Minister 
of Education as Honorary Chairman, and 
Wu Zhonghua, executive chairman of the 
Presidium of the Academy of Sciences as 
chairman of the Board of Directors. 

Vera Rich 
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Spanish research 


Painful reform 


Barcelona 

The Spanish Higher Research Council 
(Consejo Superior de Investigaciones 
Cientificas (CSIC) is nearing the end of a 
process aimed at giving it a fresh start. The 
reformers, the present directorate of CSIC, 
intend to demonstrate to public opinion 
and to the government that CSIC can 
renew itself and become an efficient 
instrument in the economic and cultural 
development of Spain. 

CSIC is the main public body devoted to 
research in Spain. It has a permanent staff 
of 5,000 (1,500 of them scientists) in about 
a hundred institutes, Since its foundation 
and haphazard development during the 
government of General Franco, CSIC has 
maintained an enormous diversity of 
research interests of variable quality. There 
are groups devoted to local studies and to 
theology, to textile technology and 
fisheries and also to history, biology and 
physics. Only a few of these institutes can 
be compared with advanced European or 
American laboratories, and most of them 
suffer from limited amd ageing staff and 
poor funding. This has provoked criticism 
from both inside and outside CSIC, 
directed chiefly at the lew scientific level of 
many institutes and their lack of relevance 
to the general needs of the country. During 
the past five years of democratic govern- 
ment, even the aboltion of CSIC has been 
openly discussed. 

A move to reverse this trend from inside 
CSIC began after the appointment of anew 
directorate last year. CSIC’s Scientific 
Commission, consisting of scientists from 
different areas of research, was asked to 
suggest important areas of research and to 
advise laboratories how they might best 
pursue them. A number of commissions 
are now working on detailed programmes 
based on these suggestions, As CSIC's 
budget cannot finance all the programmes 
chosen, it is hoped that outside agencies 
will be able to provide additional funds. ft 
is hoped that groups will join forces to 
produce plans that are likely to be 
financed. 

CSIC scientists are anxious to give the 
proposed changes a chance of success, but 
there is some doubt about the speed at 
which the scheme is being carried out, par- 
ticularly in the absence of any long-term 
decision at government level. 

Increases of staff are unlikely because of 
cuts in public expenditure and there is 
doubt as to whether the proposed Law of 
University, inchiding to provide guidelines 
for recruiting teaching and research staff, 
will be passed before the next élections in 
1983. In the meantime, the need of people 
and the low level of salaries are increasing 
tension inside CSIC and could lead to the 
resignation of the present directorate. A 
welcome reform Hes on a knife-edge. 

Pedro Puigdoménech 
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Unfair on DeVita 


Six — The recent US Senate hearings in which 
Dr Vincent DeVita was scourged for the 
failure of the NIH-NCI bureaucracy to vitiate 
promptly an accused laboratory cheat leaves 
one appalled and apprehensive. Dr DeVita is 
the first NCI director who is a clinical 
oncologist, an occupation faced with the 
unenviable repetitive experience of patients 
who become progressively worse, mortify and 
die. In no small part due to the efforts of Dr 
DeVita and the organization he has assembled, 
this no longer takes the invariable course it 
once did and the concept of a cure has become 
realistic for many cancer patients. He has tried 
to redirect the cancer research industry back to 
the human cancer patient and away from high- 
visibility science for science’s sake, while still 
juggling the all important basic research that 
must be done as well. To hear of his being 
chastized in such a silly way can be best 
compared to rejecting Socratic reasoning 
because Socrates may have been bald. 


Cecu H. Fox 
Silver Spring, 
Maryland, USA 


Serbian exchange 


Six — We would like to report on the great 
value of a recent exchange visit between 
British and Yugoslav geologists. In May we 
took part in a ten-day field trip to Yugoslavia, 
organized jointly as part of an agreement 
between the Royal Society of London and the 
Council of Academies of Science and Arts of 
the Federative Socialist Republic of 
Yugoslavia. It followed a visit in autumn 1980 
when Yugoslav geologists Professor V. Majer 
and S. Karamata came to the UK, the first 
time that such an exchange had occurred 
between geologists of these countries. 

Our time was spent in Yugoslavia mostly on 
a geological excursion through Serbia by 
minibus organized by Professor S. Karamata 
of the Faculty of Mining and Geology at 
Belgrade University. A round trip of over 
2,100 km was made, starting from Belgrade 
and passing through the Carpatho-Balkan 
chain, the Serbo-Macedonian massif and the 
Inner and eastern Outer Dinarides. Stops were 
made at selected localities of interest enabling 
the international team of British, French, 
Hungarian and Yugoslav geologists to 
exchange ideas and collect rock samples. The 
lithology observed ranged from Palaeozoic 
basement, Mesozoic lavas and sediments and 
Cenozoic cale-alkaline flows to ultramafic, 
mafic and metamorphic components of 
ophiolites and related olistestromes. 

This traverse enabled us to obtain an 
excellent introduction to the geology of 
Yugoslavia — an essential part of studies in 
the Earth sciences where it is necessary to 
observe at first hand natural phenomena in the 
field. We hope this initial exchange will lead to 
further visits and joint research in the near 
future. 

S.O. AGREL 
A. G. SMITH 
J. G. Spray 
Department of Earth Sciences, 
University of Cambridge, UK 


Human protection 


Siz — An imprecise reference in a recent 
article, “NIH censure for Dr Martin Cline,” 
(Nature 4 June, p.269) prompts us to delineate 
the distinction between the UCLA School of 
Medicine Human Subject Protection 
Committee which reviews research protocols 
involving human subjects for risk—benefit 
ratio and the UCLA Human Subject Policy 
Committee which, based on federal 
regulations, develops university policy 
governing research involving human subjects. 
EstHer F. Hays 
Human Subject Protection Committee, 
School of Medicine, 
University of California, Los Angeles, USA 


Fight the obscure 


Sir ~ Recognizing the present popularity of 
various forms of anti-scientific obscurantism, 
both here and still more in his own country, 
Dr Ralph Lewis was dead right to conclude his 
letter (Nature 11 June, p.448): We must find 
and state clearly our fundamental agreements, 
so that our differences in presentation cannot 
be misconstrued and distorted’’. 

I suggest that one first necessary step is to 
insist always that the contrary of any 
evolutionary account of the origin of species is 
a doctrine of special creation. Evolution in this 
understanding would be decisively refuted 
were palaeontologists to discover fossil 
remains cf creatures morphologically 
indistinguishable from the higher mammals in 
rocks which are much too old ~— J.B.S. 
Haldane used to specify human remains in a 
coal seam, Darwinian and any alternative 
accounts of the mechanism of such evolution, 
or of its mechanisms — the Lamarckian 
inheritance of acquired characteristics, for 
instance — must all be equally inconsistent 
with any doctrine of special creation. And, 
although I will not myself pretend to 
understand cladistics, we can be sure that its 
Marxist adherents are not rooting for special 
creation as opposed to evolution. Their point 
against Darwin is, surely, that while he 
defended "that old canon in natural history, 
Natura non facit saltum’’, they themselves are 
committed to the opposite contention, that 
both Nature and humanity sometimes take 
“A great leap forward”. 

A second step is to dispose of certain 
philosophical muddles and misconceptions =- 
such as those propagated by the British 
Museum (Natural History). Barry Cox quoted 
several in his report (Nature 4 Sune, p.373). 
One is that the assertion of the survival of the 
fittest is vacuously tautological: ‘The Survival 
of the Fittest is an empty phrase, it is a play 
upon words’’. Certainly, since the criterion of 
fitness to survive is here actual survival, this 
assertion is not to be construed as an 
assurance that all is for the best. It is, 
nevertheless, not a tautology. For clearly it 
denies that the survivors survive at random, 
while asserting that they have some sort of 
competitive edge over the non-survivors. 

Again, Cox quotes the statement: ‘The idea 
of evolution by natural selection is a matter of 
logic, not science, and it follows that the 
concept of evolution by natural selection is 
not, strictly speaking, scientific”. Certainly it 
is possible formally to deduce the conclusion 
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that some natural selection must occur from 
two or three general propositions about 
multiplicative reproduction, variation, and the 
finitude of resources. But this neither 
disqualifies that conclusion as science nor 
turns it into an empty truth of logic. 
Substantial truths can be and are deduced with 
perfect formal validity from premises stating 
other similarly substantial truths. 

ANTONY FLEW 
Department of Philosophy, 
University of Reading, UK 


Defining a lectin 


Sir — The Nomenclature Committee of the 
International Union of Biochemistry has 
discussed the objections raised by Kocourek 
and Hořejší! to the definition of lectins 
proposed by Goldstein eż al.? which was also 
published by the Nomenclature Committee in 
its 1981 Newsletter?, 

According to both definitions, ‘‘a lectin is a 
sugar-binding protein of non-immune origin” 
(glycoproteins are a class of proteins and there 
is no need to specify them in the definition). 
The emphasis in the definition of Goldstein et 
al. is an operational one, so the definition is 
easy to apply experimentally by the criteria of 
agglutination of cells (not necessarily of 
erythrocytes, which carry a limited variety of 
sugars on their surface) or precipitation of 
glycoconjugates. By contrast, the criterion of 
Kocourek and Hořejší of lack of enzymatic 
activity is difficult to apply; for example, 
glycosyltransferase activity might be present 
with an acceptor different from those tested. 
Moreover, there is now evidence that certain 
proteins hitherto known as lectins possess 
glycosidase activity*. 

The definition of Goldstein et al. implies the 
presence of more than one carbohydrate- 
binding site. Strictly speaking, it excludes 
proteins such as ricin that are closely related to 
lectins in certain properties (for example, acid 
composition and possibly primary structure) 
and derived from the same plants, and this 
may be a disadvantage. Nevertheless the 
definition of Kocourek and Hořejší is so close 
to meaning ‘“‘carbohydrate-binding protein”? 
that a special name seems unnecessary, and the 
definition is too broad to be useful, since it 
includes substances such as sugar-transport 
proteins, chemotaxis receptors, certain 
bacterial toxins, hormones and interferons. 

As long as we do not know with certainty 
the role of lectins, whether in plants, animals 
or microorganisms, it seems preferable to 
focus the definition of these substances on 
positive and easily testable properties. We 
therefore plan to continue to use the word as 
proposed by Goldstein et al. 

H.B.F. Dixon 
(Secretary) 

Nomenclature Committee of International 

Union of Biochemistry, 

Cambridge, UK 

I Kocourek, J. & Hotejfi, V. Nature, News & Views 290, 188 

1981). 

2. Geldin LJ., Hughes, KC., Monsigny, M., Osawa, T. 
& Sharon, N, Nature 288, 66 (1980), 

a. Nomenclature Committee Archs Biochem. Biophys, 206, 
458-462 (1981): Eur. J. Biochem, 114, 1-4 (1981); 
Hoppe-Seyler’s Z. physiol. Chem, 362, 1-1V (1981), J. 
biol. Chem. 256, 12-14 (1981). 
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Hydrothermal processes on 
ridge flanks: the Challenger’s 
return to the Costa Rica rift 


THis coming November the drilling vessel 
Glomar Challenger will reoccupy a site 
which has already produced some of the 
most spectacular scientific discoveries of 
the highly successful International Phase 
of Ocean Drilling of the Deep Sea Drilling 
Project. The drill site, located on the south 
flank of the Costa Rica Rift in the eastern 
Equatorial Pacific, is being used to 
investigate a paradox within plate 
tectonics. 

Ten years ago it was discovered that 
regardless of its location or tectonic setting, 
the depth of any normal sea floor is only a 
function of its age!". This elevation change 
is due solely to thermal contraction 
accompanying cooling as crust spreads 
away from  mid-ocean_ ridges. 
Theoretically, the heat flow measured 
along the top surface of the lithosphere 
should decrease exponentially from a 
maximum at spreading centres to low 
values in old ocean basins. Instead, as is 
well illustrated in a compilation prepared 
by M. Hobart (Lamont-Doherty 
Geological Observatory), observations (see 
the figure) show an entirely different form 
of cooling is taking place. Conductive heat 
flow is actually lowest near spreading 
centres, and increases to that predicted by 
plate tectonics as the lithosphere ages’. The 
‘missing heat’ near midocean ridges is 
carried away by the hydrothermal convec- 
tion of seawater through the oceanic crust 
and sediments*. With ageing, however, 
each plate somehow becomes sealed from 
this convective hydrothermal circulation 
and from then on the measured conductive 
heat flow matches that predicted by 
conventional lithospheric plate models. 

This is no minor event since more than 
one-third of the entire sea floor of the 





Roger N. Anderson is senior research associate 
at Lamont-Doherty Geological Observatory 
and adjunct associate professor in the Depart- 
ment of Geological Sciences of Columbia 
University, New York, 


from Roger N. Anderson 


world’s oceans contains a currently active 
convection system’. Every drop of the vast 
volume of ocean water passes through the 
oceanic crust in a few million years’. The 
crustal basalt consequently buffers the 
composition of the ocean water and is a 
more important source of marine 
chemicals than the input from rivers®. In 
addition, metallogenesis accompanying 
the discharge of these convective fluids 
from the crust into the ocean probably 
forms one of the Earth’s major ore 
generation mechanisms’. The ocean water 
captured chemically within the oceanic 
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crust even reappears to affect man’s day to 
day life. Volcanicity above lithospheric 
subduction zones is directly caused by the 
catalytic effect of seawater released by 
chemical reactions deep within the 
mantle’, Water vapour accompanying the 
eruption of Mt St Helens originally 
circulated through and was caught up in 
oceanic crust in the Pacific Ocean as part of 
a ridge flank convection cell before. its 
eventual subduction beneath Washington 
and Oregon. 

In 1979, during drilling legs 68-70, the 
Glomar Challenger investigated the Costa 
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Solid dots are regional averages of observed heat flow over the age intervals spanned by the 
horizontal bars. Vertical bars are+ 1 standard deviation of the data from the mean. Indian Ocean is 
for all plates in that ocean’, Northwest Atlantic is American Plate only. African Plate north of 
equator is in the Northeast Atlantic and African Plate South of the equator is in the Southeast 
Atlantic Ocean. Exponential decay of heal flow away from midocean ridges (dashed curve) is 
predicted by theoretical lithospheric plate models!?. Stipled region is the ‘missing convective heat 


flow’ component not measured by current observational techniques which only detect conduct! 
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heat transfer. With ageing, this convective hydrothermal circulation becomes sealed and we sce a 
transition from predominantly convective to conductive heat flow. From then on, the observed heat 
flow matches the predicted values. 
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Rica Rift, the youngest known transition 
zone from convective to conductive sea 
floor heat flow. Two possible mechanisms 
could explain the transition — either a 
thick sedimentary blanket forms a 
hydraulic lid sealing convection within the 
oceanic crust and/or the basaltic 
‘plumbing system’ becomes plugged by 
metamorphic alteration?. Only drilling 
would allow direct observations to be 
made. 

Papers presented at the American 
Geophysical Union’s spring meeting in 
Baltimore reported some astonishing 
discoveries from the integrated set of in situ 
geophysical and geochemical experiments 
carried out during these legs. M. Langseth 
(Lamont-Doherty Geological Obser- 
vatory) et al.'° began by presenting tem- 
perature logging results which showed that 
seawater was being naturally drawn down 
the drillstring into the oceanic crust 
beneath 300 m of mud and chert at site 
504B. The downflow rate of 6 m? h-! was 
unchanged 54 days later when leg 70 
reoccupied the site and it is anticipated that 
it will be continuing when the Challenger 
returns in November 1981. 

Pore pressures 10 bars less than hydro- 
static pressure as measured in situ across a 
hydraulically packed section of the 
wellbore were responsible for the 
downflow (M. Zoback, US Geological 
Survey and R. Anderson, ref. 11). Most of 
the downflow was disappearing into an 
acquifer 50 m below the sediment- 
basement interface. Direct measurements 
showed the basalt to be several orders-of- 
magnitude more permeable than the 
overlying sediment and chert layers!'. 
Convection in an oceanic crust with per- 
meability of 2-40 millidarcies (determined 
by the measurements) can indeed account 
for the observed underpressures, as shown 
by D. Gartling (Sandia Labs) from Finite 
Element Convection Modelling. It thus 
appears that the Challenger penetrated 
through a hydraulic lid into an active con- 
vection system. Interestingly, most of the 
real extent of such a cell is predicted to be 
underpressured. Thus, many, many 
Challenger holes drilled previously in the 
world’s oceans may have also penetrated 
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underpressure zones, though few measure- 
ments were ever made which might have 
detected such a phenomenon. 

The oceanic crust does show major 
changes with depth, however, which must 
affect the.form of convection. R. Von 
Herzen (Woods Hole Oceanographic Insti- 
tution) ef al.!'? measured a steady porosity 
decrease with depth from a long spacing 
electrical resistivity experiment. Anderson 
and Zoback!3, using ultrasonic borehole 
televiewer imagery for the first time down a 
Challenger hole, found that a marked 
increase in seismic velocity downwards in 
the upper 200 m of the oceanic crust (layer 
2A) was caused by replacement of seawater 
with clay and alteration products in 
fractures and voids at site 504B. R. Stephen 
(Woods Hole and see ref. 14) conducted an 
‘oblique’ seismic experiment, shooting 
explosives from a surface ship to receivers 
latched into the wellbore. His results 
showed unusually high seismic velocities 
1-2 km into the oceanic crust at this site. 
These may result from metamorphic alter- 
ation of the oceanic crust accompanying 
cellular convection. 

J. Honnorez (University of Miami and 
see ref. 15) and M. Mott] (Woods Hole and 
see ref. 16) presented geochemical evidence 
for major chemical and alteration 
gradients both downhole and between four 
holes within one kilometre of each other at 
site $04B. These horizontal gradients 
probably result from heterogeneity caused 
by active hydrothermal convection. For 
example, Mottl predicts a major source of 
Ca-rich pore fluids somewhere just to the 
west of the drill sites. That source is 
probably the upwelling limb of a con- 
vection cell, the waters of which have 
travelled deep into the oceanic crust, 
reacted with basalt and then returned 
towards the surface of the basalt. 
Similarly, Honnorez reported marked 
increases in the ‘grade’ of alteration down- 
hole with some of the ‘hottest’ meta- 


morphic grades ever found in the drilling 
project (+ alc)-encountered at the bottom 
of 504B. 

It is unfortunate that 500 holes were 
drilled in the oceans before downhole 
experiments such as those using packers, 
televiewers, borehole seismometers and 
long period resistivity logs were attempted, 
but the spectacular success of such in situ 
observations, coupled with the powerful 
geochemical sampling and analysis tech- 
niques now available, promise to add a 
truly new dimension to deep-sea drilling as 
a scientific tool. The return to Costa Rica 
will very probably produce two kilometre 
penetration into the oceanic crust, with a 
full set of in situ experiments. 

By then, more than 10° m? of seawater 
will have been drawn into the oceanic 
basalt below the sea floor, never again to 
reappear in the ocean as long as the chert 
and sedimentary lid remain intact. 

Such huge natural reservoirs have great 
potential as sites for the disposal of toxic 
wastes and offer several advantages over 
present proposals for land-based sites. The 
natural underpressures will draw seawater 
or wastes into the oceanic crust and if the 
seal is broken accidentally (by an unex- 
pected earthquake, for example) oceanic 
bottom water will flow downwards into the 
crust rather than allowing toxic waste to 
escape into the ocean. Any natural heating 
which might accompany toxic waste burial 
should enhance the seal since it would 
convert more and more sediment into chert 
above the disposal cell and increase the 
seal’s thickness, Once toxic waste was 
drawn into the immense oceanic crustal 
convection cell, its residence time would be 
far longer than the time for which it might 
endanger the environment. 

Verification of these advantages is still 
awaited, of course, but the return of the 
Challenger to the Costa Rica Rift site 
should greatly help our evaluation of such 
deep-sea disposal sites. p 


Solar physics at Oxford 


from 1.W. Roxburgh and C. Jordan 


THE growing importance of solar physics 
within astronomy was illustrated by a 
recent meeting* at Oxford which took as its 
theme ‘Solar Activity’. Topics ranged from 
the underlying causes of solar activity in the 
interaction between the sub-photospheric 
convection zone and magnetic fields to the 
solar flares, the highest energy manifes- 
tation of the active Sun. 

Weiss (University of Cambridge) 
described recent theoretical work on 
turbulent magneto-convection. Attention 
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*The Solar Physics Section of the European Physical Society 
held its Triennial meeting on 13-15 April, 1981. The meeting 
was preceded by a two-day workshop on ‘Near Future and Plans 
for Solar Research’. 





028-0836 /81 /290194-02$01 00 


is now turning from the systematic large- 
scale fields, rooted deep in the convective 
zone, to the small-scale feature such as 
ephemeral active regions. Recent results 
suggest that these small flux loops are 
examples of the intermittent turbulent 
magnetic fields in the upper part of the 
convective zone, where magnetic flux has 
been confined to isolated ropes winding 
between convective eddies. 

Bruzek and Schréter (Kippenheur 
Institut, Freiburg) stressed the current view 
of solar active regions developing through 
the emergence and expansion of new 
magnetic flux. In the higher layers of the 
transition region and corona active region 
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fields show as distinct loop structures. 
Substantial progress has been made in 
determining the temperature and density 
structure of these loops, and in 
understanding their stability(Monsignori- 
Fossi, Arcetri Observatory). Controversy 
remains concerning how much infor- 
mation on the heafing processes can be 
obtained from analyses of emission line 
fluxes. This is an area where further high- 
resolution observations are required, par- 
ticularly time-dependent measurements of 
line profiles. Maltby (University of Oslo) 
stressed the same point with respect to the 
energy balance in sunspots. Gurman 
(Goddard Space Flight Center) reported 
observing, with the UVSP instrument on 
the Solar Maximum Mission satellite, oscil- 
lations with periods of 120 to 180 seconds 
in fluxes and velocities measured in the 
chromosphere-corona transition region 
over a sunspot. It has proved difficult to 
detect oscillations in the quiet sun with 
previous satellites. Thomas and Scheuer 
(University of Rochester) presented results 
of calculations which show that 
oscillations could be caused by resonant 
behaviour due to the strong vertical 
_trapping of wave energy. Both Maltby and 
Stenflo (University of Zurich) drew 
attention to the importance of current and 
future measurements of the solar irradi- 
ance from spacecraft in understanding the 
sunspot flux deficit. 

Solar flares represent the most extreme 
form of activity and several reviews were 
given of recent results from the Solar 
Maximum Mission satellite. This satellite 
has for the first time allowed the simul- 
taneous study of active regions and flares 
over a broad spectral range and thus over a 
range of heights and temperatures in the 
atmosphere. Whilst spectroscopic methods 
are revealing the temperature and density 
conditions during flares, the imaging 
instruments are being used to show where 
and when flares occur in relation to the 
longer-term development of particular 
active regions. In particular, the 
identification by the hard X-ray imaging 
spectrometer team of the source of hard 
X rays with the foot-points of loops, rather 
than with the region producing softer 
X-ray emission, will limit the choice of 
suitable models for the hard X-ray 
emission. Measurements of Fe Ka emission 
caused by fluorescence and the first 
resolved spectra of the Fe xxvi resonance 
plus di-electronic satellite lines were also 
reported by the X-ray polychrometer team. 

Before the meeting, delegates from all 
parts of Europe discussed their plans for 
the rest of the 1980s. A remarkable con- 
sensus emerged concerning important 
priorities including, for example, measure- 
ments of velocity fields and magnetic fields 
related to the development of emerging 
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magnetic flux; and studies of small 
magnetic elements in the convective super- 
granulation structure. 

Of the ground-based programmes the 
most ambitious concerns the development 
of a large European Solar Telescope which 
would offer European solar physicists a 
high-resolution telescope situated in the 
Canary Islands. This project can be seen as 
a logical extension of the previous site- 
testing activities of the Joint Organization 
for a Solar Observatory. 

Several countries will continue to partici- 
pate in the USSR’s Interkosmos and 
Prognoz series of rockets and satellites, 
with particular interest in X-ray imaging 
and spectroscopy. The community within 
the European Space Agency is awaiting the 
outcome of representations to NASA con- 
cerning the US part of the two-spacecraft 
International Solar Polar Mission. The US 
spacecraft, which is due to carry out 
experiments to study the corona near the Sun, is 


threatened by recent budget cuts. 

The strength of theoretical solar physics 
in Europe and its close involvement in 
analysis of new data are particularly 
encouraging since they should allow a good 
return from participation in a variety of 
guest investigator programmes as oppor- 
tunities arise. 

There is keen Eurepean interest in two 
potential solar payloads for the Shuttle 
Spacelab: in the SolarOptical Telescope, at 
present under study within NASA, and in 
the complementary Grazing Incidence 
Solar Telescope, currently a potential ESA 
project. The future of these missions 
depends on the success of the Shuttle; the 
participants abandoned the dining hall at 
7.10 on Tuesday, lth April, to crowd 
round the television set and witness the safe 
return of the first Shurtle flight. With some 
relief the participants returned to continue 
their dinner and polish up their proposals 


for future experiments. i. 


Glueballs, anyone? 


from T.F. Walsh 


THE QUARK MODEL, invented in 1963 by 
George Zweig and Murray Gell-Mann, has 
gradually grown into a theory of 
elementary particles. It is now called 
quantum chromodynamics. An essential 
element of the theory was provided by 
Yoichiro Nambu in 1966. He suggested 
that the quarks are bound together in 
particles by the exchange of spin one vector 
particles, which have a new quantum 
number unlike the conventional isotopic 
spin, strangeness and so forth typical of the 
quarks. Nambu’s exact model has been 
discarded by most physicists, but the idea 
remains. 

The vector particles which bind quarks 
are now called gluons and their quantum 
number is called colour. Gluons interact 
strongly with quarks over distances of 
103 cm, binding them into particles. 
Quarks and gluons are thought not to exist 
as free particles, but only inside the known 
‘colourless’ particles, although this has yet 
to be proved. As well as their interaction 
with quarks, gluons interact strongly with 
each other. They should therefore bind 
into particles even without quarks. These 
particles, made entirely of gluons, have not 
yet been seen, but there is a strong convic- 
tion among particle physicists that they do 
exist. They are called bound glue states, 
gluonia or glueballs. They are a new type of 
clementary particle and it is very important 
to look for them. 

A recent issue of Physical Review Letters 
contained two papers on glueballs, by K. 
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Ishikawa at DESY in Hamburg and by M. 
Chanowitz at the Lawrence Laboratory in 
Berkeley!?. Chanowitz’ paper is entitled 
“Have We Seen Our First Glueball?’”’ 
Indeed, have we? And why should the first 
one be seen now, after hundreds of quark 
states have been tabulated in the celebrated 
Particle Data Group tables? 

If glueballs do exist, it is important to 
know where to look forthem. According to 
quantum chromodynamics, heavy parti- 
cles like the J/ Y and the T mesons can only 
decay first to gluons, or a photon and 
gluons, which then materialize into con- 
ventional mesons. The decay of the J/ Y 
meson into a photon and two gluons ought 
to be a good place to look for glueballs. If 
the two gluons materialize into ordinary 
mesons through the intermediary of a 
glueball, experimenters ought to see a 
nearly monoenergetic photon recoiling 
against a resonance which decays to 
mesons. The chain would look like this: 


J/¥ — photon + twe gluons 
glueball resonance 
ordinary mesons 


It has even been suggested that the two 
gluons should in some way maximally 
generate glueballs in thischain and that the 
production of mesons made of quarks 
should be much smaller than the glueball 
production. According to this view, one per 
cent of J/ ¥ decays would contain a glueball 
(there might, of course, be several glueballs 
visible at different masses”, Jf only gluons 
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maximally generate glueballs, that would 
explain why they have not been seen until 
now; J/¥ and the T, themselves 
only recently discovered, would be the first 
good sources of glueballs. I: has also been 
pointed out that the glueballs produced in 
this reaction would mostly have spin two, 
with the productian of spinless glueballs 
slightly suppressed®. 

Experimenters have studied J/ Y decays 
since 1974, and decays to a photon and the 
eta, the eta prime and the f(1250) meson 
(the 1250 stands for the mass in MeV) have 
been seen. They are produced at a rather 
low rate and are all well known quark states 
(although there is a bit of doubt about the 
eta prime). Recently, groups working at the 
SPEAR ete storage ring in Stanford, 
California found the decays’ 

J/W>KKn 
_J/ Ynnn 

where the KKn (and, less clearly, nnn) form 
a narrow resonance of mass 1,440+ 15 
MeV and width 50+ 3} MeV. This was a 
great surprise, because there is a very 
obscure state called the E(1420) in the 
particle tables, and it has roughly these 
parameters, although there is no con- 
vincing evidence that it decays to nnn. Why 
should this obscure state appear together 
with the well known eta, eta prime and 
f(1250)? 

One might guess that the new state seen 
in J/W decay is the same as the known 
E(1420), and that this particle is one of the 
long sought glueballs. However, careful 
examination of the experimental data 
shows that this interpretation cannot be 
correct if one does not want to upset well 
established ideas about the production of 
mesons in, for example, np collisions. 
Chanowitz and Ishikawa suggest that there 
are two mesons of mass around 1,420 MeV. 
One of them is listed in the data tables, and 
it has spin one and even parity. It decays to 
KKn but not (or seldom) to mn. The other 
meson is new, seen only in J/ decay (and 
maybe in old pp annihilation experiments 
at low energy). Chanowitz calls this new 
particle G(1440), and both authors claim 
that it is a spin-zero glueball of negative 
parity. It decays to KKn and also to nnn. 
Neither author claims to prove that there 
are two different mesons here — what they 
do is to try to square the unexpected 
appearance of the state in J/ Y decay with 
prevalent theoretical ideas. 

What next? The authors suggest several 
steps. First, the spin and parity of the 
resonance seen in J/ decay should be 
checked. If it is O` and the spin parity 
assignment of the E(1420) is really 1 * , then 
the one seen inJ/Wdecay is definitely anew 
particle. Evidence that the old E(1420) and 
the new state decay with different rates to 
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mn would supprt this. Also, if the state 
seen in J/ Y decay is 07, it will be seen in the 
photon—photon process 
ete meter + “G(1440)” 

in the channels KKn and nnn. In this 
process, the colliding electron and positron 
act as sources of photons, which then 
create particles. That is why the electron 
and positron come out of the reaction, only 
slightly reduced in energy having each 
given up a photon to make the particle. 
This reaction is useful because the spin-one 
E(1420) is forbidden to appear by a 
theorem of C.N. Yang which says that a 
vector particle cannot couple to the two 
photons in this reaction. According to 
theoretical ideas, a glueball will not appear 
at a large rate in this reaction, but the 
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estimate of Ishikawa indicates that it can be 
seen. Finally, Chanowitz emphasizes that 
one should look for the proposed new 
G(1440) in gluon jets, available in the three- 
jet events seen at the electron—positron 
storage ring PETRA in Hamburg, and in 
decays of the T meson. Again, gluons 
should be a good source of glueballs. 

If all these experimental proposals work 
out and there is a new particle, G(1440), 
made as a glueball should be, then we will 
indeed have seen our first glueball. And more 
will follow — at the very least a spin-two 
glueball which is expected to be produced 
with a significant rate in J/ Y decay. This 
would provide a welcome confirmation of the 
ideas of quantum chromodynamics and new 
impulses for its further development. í 


New morphological transition at 


the Curie temperature 


from Mildred S. Dresselhaus 


THE increasing sophistication of the tech- 
niques of surface science now allow the quan- 
titative study of some long-standing 
problems. In a recent letter, Hamilton and 
Jach! describe a new kind of structural phase 
transition on low-angle nickel surfaces at the 
Curie temperature which gives insight into an 
effect discovered nearly fifty years ago”. The 
Hedvall effect is characterized by a 
discontinuous change in the temperature 
dependence of the chemical reaction rate 
(Hedvall Effect I) or as a discontinuous 
change in activation energy (Hedvall Effect 
ID) at the Curie temperature (7;), the 
temperature of the ferromagnetic- 
paramagnetic phase transition. The Hedvall 
effects are of both theoretical and practical 
interest as a means to vary or control chemical 
reactions by external means. 

The work of Hamilton and Jach’ is an 
extension of previous studies by Thapliyal 
and Blakely? who showed a reversible 
morphological transition on a stepped nickel 
surface using LEED (low energy electron 
diffraction) as a structural probe and AES 
(Auger electron spectroscopy) as a surface 
compositional probe. Hamilton and Jach 
demonstrated by permeability measurements 
that this morphological transition occurred at 
the Curie temperature of nickel. Both 
studies! focused on vicinal surfaces, defined 
as single crystal surfaces in the vicinity of low- 
index planes. Vicinal surfaces are composed 
of terraces of low Miller index planes, joined 
by ledges a few atoms in height. Direct 
information on terrace widths and step 
heights is obtained from structure in the 
LEED patterns, using a kinematic theory of 
electron scattering from stepped surfaces‘. 
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The particular vicinal surfaces that were 
investigated were the Ni(i11)5S°{110] and 
Ni(111)10°[110] surfaces, denoting surfaces 
at 5° and 10° from the (111) plane in the [110] 
zone, so that the resulting stepped surfaces 
have (111) terraces and (110) steps. For both 
of these stepped surfaces, a reversible 
structural phase transition was observed at 
the magnetic ordering temperature T, of the 
nickel. In the paramagnetic phase, each of the 
samples exhibited single-atom step heights 
and narrow terraces, while in the ferro- 
magnetic phase, the Ni(111)10°[110] sample 
showed a two-atom step height, and the 
Ni(111)5°{110] sample a four to five-atom 
average step height and wider terraces. 

In addition to this reversible structural 
transformation, an associated chemical 
transformation was also reported at 7,19. To 
study this transformation, clean nickel 
surfaces were prepared by argon-ion bom- 
bardment, heat treatment and annealing, to 
yield a surface exhibiting less than 1/20 of a 
monolayer impurity, as monitored by AES. 
With the nickel samples in the paramagnetic 
state, carbon, a dominant impurity in nickel, 
was found to be dispersed in the bulk of the 
nickel samples. In contrast, with the nickel in 
the ferromagnetic phase, carbon from the 
bulk segregated to the surface, forming a 
carbon coverage of “0.2 monolayers just 
below T. but less than 0.003 monolayers of 
carbon just above T.. Assuming no entropy 
change at T. due to carbon segregation at the 
surface, the measured carbon coverage 
implies a change of greater than 0.2 eV per 
carbon atom in the heat of segregation at the 
Curie point. 

This change in binding of a surface atom at 
the magnetic phase transition is also observed 
in various manifestations of the Hedvall 
effect, such as studies of the rate of Co sub- 
limation by Sales ef al.*, the rate of carbony- 
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lation of Ni by Mehta ef a/.° and the rate of Ni 
oxidation by Sales ef a/.’. In all these studies it 
was found that more energy must be 
expended to remove a surface atom from a 
ferromagnetic substrate than from a para- 
magnetic one. The observations are 
explained by a lowering of the internal energy 
of the system as magnetic order is established 
at the onset of the ferromagnetic state. To 
overcome this additional binding, more 
energy must be supplied to remove a surface 
magnetic atom from a ferromagnetic 
substrate. 

The sublimination of a magnetic species 
such as cobalt represents an especially 
attractive process for the study of the 
magneto-chemical Hedvall effect because 
of the simplicity of the reaction and 
because of the removal of the reaction 
product once the reaction is completed. On 
the other hand, technical difficulties 
associated with the high temperature 
experiment (T. “1,400 K for Co) had to be 
overcome to make quantitative measure- 
ments. The change in the apparent 
activation barrier for sublimation on 
passing through the Curie temperature for 
Co is 18 kcal per mole or about 0.8 eV per 
atom. By analysing the temperature depen- 
dence of the sublimation rate below and 
above T., Sales et al.’ were able to show 
that an additional binding energy, E,,(7), 
was introduced in the ferromagnetic state 
and associated with the spontaneous 
ordering of the magnetic moments, Ep (T) 
~[M(T)/M(0)}*, where M(T) is the spon- 
taneous magnetization at temperature T. 
Because of the rapid change in M(7) near 
T., a large apparent change in activation 
energies is found near T. for physically 
reasonable values of E,,(0), such as 0.2 eV 
per atom for Co. The magneto-chemical 
effects associated with this sublimation 
process have been qualitatively explained 
in theoretical models by Suhl® and by 
D’Agliano and Huberman’. 

Another chemical reaction for which the 
reaction product leaves the surface on 
completion of the reaction is the nickel 
carbonylation reaction, whereby nickel 
reacts with CO gas to form gaseous nickel 
carbonyl. This reaction has the further 
attractive features of a convenient 
temperature range (300<7<440 K) and a 
Curie temperature controllable by dilution 
of the nickel with copper (which does not 
react with CO in this temperature range). 
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Just as for the sublimation reaction, the 
nickel carbonylation reaction also shows a 
change in the apparent activation barrier at 
the Curie temperature, which in this case is 
about 0.4 eV per atom. This experiment 
provides further evidence that an 
additional activation barrier Em is associ- 
ated with the ferromagnetic state, insofar 
as E „ decreases with increasing Cu concen- 
tration such that E,,-> 0 for the Cu concen- 
tration where 7,0. 

Extensive studies of the Hedvall effect 
have also been carried out on the oxidation 
of nickel’ and of iron", yielding general 
agreement with the basic conclusions of the 
above magneto-chemical experiments. 
These oxidation experiments have, 
however, been more difficult to interpret 


quantitatively because of the accumulation 
of the reaction product at the free oxide 
surface and the concomitant presence of 
the additional magnetic barrier at the 
internal metal-oxide interface. 

The identification of a morphological 
surface transformation at the Curie tem- 
perature T. suggests new insights into the 
magneto-chemical Hedvall effect because 
of the enhanced chemical activity at 
surface steps and kinks. At this point one 
can only speculate that the discontinuity in 
the reaction rate at 7, (Hedvall Effect D) 
might be associated with a morphological 
change in step size, while a discontinuity in 
the activation energy or in the derivative of 
the reaction rate (Hedvall Effect H) corres- 
ponds to no morphological change. i 


Sir Isaac Newton and his 
madness of 1692 and 1693 


from Milo Keynes 


By NO MEANS had Sir Isaac Newton a 
perfect character. William Whiston who 
succeeded him in his Lucasian 
professorship at Cambridge said of him 
that ‘‘he was of the most fearful, cautious 
and suspicious temper’’; John Flamsteed, 
the first Astronomer Royal, declared he 
was “‘insidious, ambitious, and excessively 
covetous of praise, and impatient of 
contradiction’’. Even his firm friend, John 
Locke, wrote that ‘‘He is a nice” (that is, 
difficult and over-precise) ‘‘man to deal 
with, and a little too apt to raise in himself 
suspicions where there is no ground”. 
There are, however, many instances of his 
kindness and generosity to others. 

Newton had an abnormal! dread of con- 
troversy, and he wrote to the experimental 
scientist, Robert Hooke, that ‘‘There is 
nothing I desire to avoid in matters of 
philosophy more than contention, nor any 
kind of contention more than one in 
print’’. Newton was neurotic, and as John 
Maynard Keynes wrote!': ‘‘His deepest 
instincts were occult, esoteric, semantic — 
with profound shrinking from the world, a 
paralysing fear of exposing his thoughts, 
his beliefs, his discoveries in all nakedness 
to the inspection and criticism of the world. 
He parted with and published nothing 
except under the extreme pressure of 
friends. Until the second phase of his life 
(as Master of the Mint in London, and 
President of the Royal Society), he was a 
wrapt, consecrated solitary, pursuing his 
studies by intense introspection with a 
mental endurance never equalled’’. 
Besides all this, he underwent a period of 
severe emotional and mental disturbance 
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with sleeplessness and loss of appetite 
during 1692 and 1693. 

In 1693, Newton wrote to Samuel Pepys: 
“I am extremely troubled at an embroil- 
ment I am in, and have neither ate nor slept 
well this twelve moath, nor have | my 
former consistency of mind, but am now 
sensible that I must withdraw from your 
acquaintance, and neither see you nor the 
rest of my friends any more, if | may but 
leave them quietly”. The same year he 
wrote to Locke: “Being of the opinion that 
you endeavoured to embroil me with 
women and by other means | was so much 
affected with it as that when one told me 
that you were sickly and would not live I 
answered twere better you were dead. | 
desire you to forgive this incharitableness’’. 
Both Pepys and Locke appear to have 
recognised that Newton’s mind was 
deranged and maintained their friendship 
for him, and in other letters it is clear his 
memory was impaired 

It was with the publication of The 
Correspondence of Sw Isaac Newton? in 
1961 that the period of irrationality could 
be more fully recognised. Newton was born 
in 1642 and died in London in 1727. He 
matriculated at Trinity College, 
Cambridge in 1661, became Lucasian 
Professor in 1669, and Fellow of the Royal 
Society in 1672. He left Cambridge in 1696 
to become Master of the Mint in London 
where “with Pepys and William Lowndes 
(Secretary to the Treasury) he became one 
of the greatest and most efficient of our 
civil servants. He was a very successful 
investor of funds, surmounting the crisis of 
the South Sea Bubble, and died a rich 
man” (Keynes!). He was elected President 
of the Royal Society in 1703, being 
annually re-elected for the next 24 years, 
and in 1705 he was knighted by Queen 
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Anne — although for political, rather than 
scientific reasons. 

In London, ‘the reigned as the most 
famous man of his age, of Europe, and — 
as his powers gradually waned and his 
affability increased — perhaps of all time, 
so it seemed to his contemporaries’ 
(Keynes'), but in the more than 30 years he 
lived there after leaving Cambridge, his 
illness of 1692 and 1693, which consisted of 
insomnia, loss of appetite, loss of memory, 
melancholia (depression), delusions of 
persecution, and possibly a trembling in his 
writing, appears to have been forgotten. 
After 1693, he still produced copious 
writings on his mathematical work, on 
lunar motion, atmospheric refraction and 
on resisted projectile motion’. He made the 
corrected Proposition X of the second 
book of Principia Mathematica in his 
seventieth year, and recast his theory of the 
propagation of light between 1705 and 
1715. Besides the comment that he spoke 
very little in company after 1693, there was 
something rather languid in his look and 
manner in those years, as shown in a 
portrait, circa 1689, by Sir Godfrey Kneller 
in the possession of the Earl of 
Portsmouth. 

Various explanations have been 
suggested for his illness, predominantly 
psychological, such as the shock at the 
death of his mother in 1679, a fire in which 
he lost some papers (though this occurred 
far earlier than 1692), his failure to gain 
various posts such as the Provostship of 
King’s College, Cambridge (which he did 
not get for the reason he did not attend 
Eton College as a boy) or the Mastership of 
the Charterhouse, or simple exhaustion 
from writing the Principia which was, 
however, finished in 1687. Clearly, none of 
these is at all satisfactory, but recently it has 
been suggested**> that Newton’s nervous 
breakdown might be explained by mercury 
poisoning arising from his experiments in 
alchemy and in making mirrors. Metallic 
mercury absorption by inhalation as 
mercury vapour, or by ingestion, can 
produce neurological, psychiatric, oral and 
renal signs, and these are reversible when 
exposure ceases. Mercury is stored in the 
brain, kidneys and liver, and over a period 
of time after the poisoning has stopped will 
continue to appear in hair and nails. 

Newton’s interest in alchemy was first 
shown in 1667 when he purchased the six 
volumes of Zetzner’s Theatrum 
Chemicum, as well as chemicals and 
apparatus, though the first dated chemical 
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experiment in his notebooks was in 1678, 
with the last in 1696 before he moved to 
London. He gave up his experiments for 
nearly two years from May 1684 till April 
1686, the period in which he wrote the 
greatest part of his Principia, but during 18 
years he carried out several hundred 
chemical experiments, with metals playing 
a large part. It is not always sure from the 
note books whether the experiments were 
actually performed, or were just thought 
of, and often it is not clear any longer what 
were the chemicals used. It is, however, 
well recorded that he would heat metals, or 
their ores, with salts in open vessels, 
breathing in the fumes and sometimes 
tasting the formed products. He used to 
sleep in his ‘laboratory’ by the fire, which 
was kept burning for weeks on end while 
the experiments were going on, and clearly 
exposed himself to the dangers of metal 
poisoning. 

Newton’s great niece, Catherine 
Conduit, married John Wallop, first Earl 
of Portsmouth, and as a result Newton’s 
relics and manuscripts mainly passed to the 
Portsmouth archives. Spargo and Pounds? 
obtained some of Newton’s hairs from the 
Earl of Portsmouth as well as from Trinity 
College, Cambridge, and analysed them 
for mercury, gold, arsenic, antimony and 
lead. We do not know when the hairs were 
collected (though we do know Newton kept 
his hair short in older age which increase 
the chance that those analysed derived 
from a time nearer to the experiments), but 
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raised levels of the metals were found, 
especially of mercury and lead, and this 
would be most unlikely, even allowing for 
contamination from any vessels in which 
the hairs were stored, in ordinary hairs. It 
may be added that although some of 
Newton’s symptoms could be caused by 
lead poisoning, all could be caused by 
mercury poisoning. We can presume that 
Newton showed erethismus mercurialis, 
that is, a timidity especially in the presence: 
of strangers, but we do not know. for 
certain whether he showed the tremor of 
mercury poisoning (Hatters’ shakes, a 
condition found among those using 
mercury in the felt hat industry and from 
which Lewis Carroll culled his ‘Mad 
Hatter’) as his handwriting did not 
decisively deteriorate during his 
breakdown. 

In his recent lengthy biography, 
Westfall® suggests that Newton’s 
symptoms were simply due to overwork in 
finishing the Principia in 1687, five years 
before their onset. This seems an unlikely 
explanation in view of the delusions 
Newton suffered and the raised levels of 
mercury and lead in his hair. The epitaph 
remains with Newton, who shortly before 
he died, said: “1 do not know what I may 
appear to the world; but to myself I seem to 
have been only like a boy, playing on the 
seashore, and diverting myself, in now and 
then finding a smoother pebble or a prettier 


‘shell than ordinary, while the great ocean 


of truth lay all undiscovered before me’’. Cl 


Are transport proteins porous? 


from N. Michael Green 


In the absence of reliable methods for 
determining molecular size in the lipid 
bilayer, the state of aggregation of proteins 
in membranes has proved difficult to 
determine. A variety of indirect methods 
have led to conflicting interpretations. 
Even when the state of aggregation has 
been established, further experiments are 
required to clarify its relation, ifany, to the 
function of the protein and even if the 
oligomeric structure is proved to be 
essential, the further interesting question 
of the inter- or intra-subunit location of a 
transport channel requires an experimental 
answer. 

The difficulty of evaluating the evidence 
is emphasized by the somewhat conflicting 
conclusions of two recent reviews. The 
more wide-ranging article (Klingenberg 
Nature 290; 449, 1981) considers thirteen 
membrane proteins or complexes of 
proteins for which there is evidence for an 
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oligomeric structure (these include the 
ADP/ATP carrier, (Nat +K*)- and 
Ca*+-ATPases, anion carrier (band III), 
glucose carrier, porin, bacterial rhodopsin, 
acetylcholine receptor and various 
cytochrome complexes). The evidence, 
derived mainly from sedimentation 
experiments in non-ionic detergents and 
from cross-linking experiments in 
membranes, shows that these proteins are 
all either dimeric, or trimeric, although 
when the dust settles around the acetyl- 
choline receptor it is likely that each unit of 
the dimer will be found to be a pentamer. 
Klingenberg emphasises the useful 
conclusions that can be drawn from 
consideration of symmetry. The vectorial 
activities of transport proteins imply the 
absence of symmetry axes from the plane 
of the membrane and this eliminates 
dihedral structures from consideration. 
The popular tetrameric structure for 
soluble, globular proteins is therefore 
unlikely to be found among the proteins of 
membrane transport which must possess 
cyclic symmetry and a transmembrane 
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symmetry axis. Such a structure will be 
stable in a lipid environment only if the 
intersubunit links include a strong polar 
component, the symmetry axis providing a 
plausible location for a polar channel for 
translocation of substrates. 

The accommodation of ligand binding 
sites and a gating mechanism in a dimeric 
channel raises a number of interesting 
questions and leads to the conclusion that 
there are likely to be only half as many 
active sites as subunits. Klingenberg 
develops this argument around the 
ADP/ATP exchange protein of 
mitochondria which his laboratory has 
clearly shown to exhibit such half-of-sites 
reactivity towards the mutually exclusive 
inhibitors bongkrekate and carboxyatrac- 
tyloside. The evidence for other carriers is 
less clear cut and Klingenberg concludes 
that while the (Na* + K* )ATPase and the 
glucose carrier of erythrocytes show half- 
of-sites reactivity, the anion transport 
protein, the #Bgalactoside carrier and 
bacterial rhodopsin probably have 
separate channels associated with each 
subunit. 

Kyte (see this issue of Nature, p.201) 
directs his attention mainly to the 
(Nat +K*)ATPase, though he considers 
his arguments are likely to apply with equal 
force to the functionally homologous 
Ca?’ -ATPase and (H* +K* )ATPase. He 
takes a sceptical attitude to the evidence for 
dimeric structure, pointing out the 
problems associated with: (1) the large 
corrections which have to be made for 
bound detergent and liquid, (2) the 
underestimation of the molecular weights 
of intrinsic membrane proteins by gel 
electrophoresis, and (3) the interpretation 
of the results of cross-linking experiments 
in membranes, where intermolecular 
distances are often very small. Nevertheless 
he concludes that on balance the evidence 
does favour a dimeric (Na* +K*)- 
ATPase. 

The evidence for half-of-sites reactivity 
is much less convincing, particularly in the 
light of two recent papers in which the 
equivalent weight of the ATPase towards 
ouabain and towards TNPATP has been 
critically re-evaluated as 180,000+ 20,000. 
This figure, consistent with one site per 
28 protomer, results mainly from use of a 
more objective method for determining 
the protein concentration (amino acid 
analysis) in place of the uncalibrated 
Lowry method. He also points out that the 
anti-cooperative kinetics of all three 
transport ATPases with respect to ATP 
does not necessarily imply interaction 
between the two sites on a dimer; it is 
equally consistent with a monomer in 
which the ATP site can exist in 
interconvertible low- and high-affinity 
conformations. In view of the elusive 
behaviour of apparent half-of-sites 
reactivity of globular proteins under 
critical examination, stronger evidence is 
required to substantiate it for the 
(Na? +K*)ATPase. 


Doubts also surround the Ca** -ATPase 
of sarcoplasmic reticulum. Although it 
possesses one ATP site per peptide chain 
only half of them appear to be phos- 
phorylated in most membrane prepara- 
tions. Moreover, recent evidence (Pick and 
Karlish Biochim. biophys, Acta 626, 255) 
suggests that one mole of covalently bound 
fluorescein isothiocyanate can block the 
activity of two peptide chains. On the other 
hand, the monomer in non-ionic detergent 
is a fully active ATPase showing steady- 
state kinetics which differ little from those 


199 


of oligomeric preparations. 

Of the well characterised transport 
proteins showing apparent half-ol-sites 
reactivity, only the ADP/ATP exchange 
protein survives unchallenged; even here 
the intersubunit channel is no more than 
the most plausible hypothesis. There is firm 
structural evidence for the location of the 
channel in bacterial rhodopsin which 
functions as a monomer and contains a 
plausible intrasubunit channel. For the 
remainder the definitive experiments have 
still to be devised. 


Acid precipitation — a new 
study from Norway 


trom J.N.B. Belt 


IN THE 1960s the destruction of freshwater 
fish stocks and the impairment of forest 
productivity in Scandinavia were blamed 
on an increase in the acidity of water and 
soils. It was believed that the increase 
resulted from ‘acid rain’ — precipitation 
containing sulphuric acid derived from the 
oxidation of SO, emitted by the more 
industrialized “European nations. 
Subsequently there have been similar 
claims elsewhere, particularly in the north- 
eastern United States and Canada. 

Public concern has nowhere been more 
evident than in Norway, where in the 
mountainous regions of the south, an 
accelerating decline in fish stocks has led to 
the extinction of fish populations in an area 
of 13,000 km?, with severe problems over 
another 20,000 km*. This stimulated the 
establishment of a major Norwegian 
interdisciplinary research programme into 
the biological effects of acid precipitation, 
which has recently terminated after eight 
years. The numerous reports published on 
the findings this project have now been 
summarized (Overrein, Seip and Tollan 
Acid precipitation — effects on forest and 
fish. Final report of the SNSF project 
1972-1980). 

It is clear from the final report that the 
SNSF project has made a major con- 
tribution towards the understanding of the 
relationships between the chemistry of 
precipitation, soils and aquatic 
ecosystems. The main problems in 
determining the ecological significance of 
acid precipitation lie in extrapolating the 
results of short investigations to the long- 
term effects of relatively small changes in 
soil and water chemistry. It has now been 
established beyond doubt that the 
precipitation in southern Scandinavia has 
become more acidic as a result of long- 
distance transport of air pollution, with 





J. N.B. Bell is at the Centre for Environmental 
Technology, Imperial College of Science and 
Technology, London. 





0028-083678} -290199-025010 


nitrogen oxides contributing an increasing 
proportion of the acidity. The inputs of 
H*,SO,?* and NO, are readily estimated 
by routine analysis of precipitation samples 
collected at many sites in Norway. 
However, some uncertainty remains as to 
the importance of the dry deposition of 
gaseous and particulate sulphur and 
nitrogen compounds directly onto 
vegetation and soils, which may make a 
substantial contribution to total deposition 
in some areas. 

The report admits that there are few 
reliable records of the acidity of lake water 
before 1950 but the marked shift since then 
towards more acid conditions in areas 
subject to acid precipitation is well 
documented. Only five to ten per cent of 
precipitation in southern Norway falls 
directly onto lakes and rivers. Thus a 
thorough understanding of the chemical 
changes occurring in water when it comes 
into contact with solids and vegetation is of 
prime importance when considering the 
ultimate effect on aquatic ecosystems. A 
key component of the SNSF project has 
been the assessment of annual 
precipitation input and ground-water 
output into waterways of major ions in 
selected catchments. Ii is now apparent 
that, as well as increased acidity, the 
mobilization of aluminium from soils by 
acid water is a major factor in the 
destruction of fish stocks. The uptake of 
salt via the gills, necessary to maintain the 
osmotic balance of the fish, is impaired by 
acid conditions and is further aggravated 
by aluminium stimulating the secretion of 
mucous. 

Particularly severe problems are 
experienced in southern Norway, because a 
large proportion of the precipitation falls 
as snow. Pollutants accumulate within the 
snow-pack during the winter and are 
subsequently released very rapidly during 
the short period of snow-melt in the spring, 
resulting in a flush of acid water into lakes. 
Knowledge of the hydrology of snow-melt 
is limited but the SMSF project has 
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examined the chemical content of 
successive fractions of melt-water: up to 
eighty per cent of the pollutant content ofa 
snow-pack may be released in the first 
thirty per cent of the melt-water, so 
increasing the threat to the sensitive larval 
stages of salmon and trout. 

The effect of acid precipitation on 
terrestrial vegetation is less certain. Despite 
an intensive research programme, the 
SNSF project provides little support for 
earlier predictions of massive losses in 
timber production through leaching of 
nutrients from soils and direct effects on 
trees. Most experiments demonstrating 
adverse effects on soils and plant growth 
used artifical rain with unrealistically low 
pH levels. Indeed, in several cases 
stimulation of plant growth has been 
observed. The situation is complicated 
because acid precipitation can increase the 
availability of plant nutrients by providing 
inputs of sulphur and nitrogen from the 
atmosphere and releasing basic cations by 
weathering of minerals in the soil. It is 
rather unfortunate that this generally well 
balanced report implies that acid 
precipitation must be assumed to reduce 
tree growth, in the absence of proof to the 


contrary. 

The causal relationship between acid 
precipitation and the decline of fish stocks 
has been questioned by Rosenqvist (Sci. 
Total Environ, 10, 39; 1978), who drew 
attention to the impact of changes in 
catchment land use on the chemistry of 
aquatic systems. During the last one 
hundred years, many of the Norwegian 
upland farms, used for summer grazing, 
have been abandoned and in some cases 
replaced by conifer woods, which would be 
expected to accelerate natural soil 
acidification processes. The SNSF 
programme has found no consistent 
pattern which could explain lake 
acidification on the basis of land use 
changes. However, an investigation in 
central Scotland has shown a clear effect of 
afforestation in increasing stream acidity 
(Harrison and Morrison in Ecological 
Impact of Acid Precipitation, eds Drabl 
and Tollan, SNSF Project, 312; 1980). The 
report concedes that afforestation may 
enhance the acidification caused by 
precipitation. This remains an area of 
uncertainty and there is a clear need for a 
better understanding of the relative 
importance of different sources of 





100 years ago 


“Anthropology: an Introduction to the 
Study of Man and Civilisation, by Edward 

B. Tylor, D.C.L., F.R.S. With Hlustrations. 

(London; Macmillan and Co., 1881.) 
To those readers whose knowledge of eth- 
nology or anthropology has been derived from 
a perusal of Prichard’s ‘‘Natural History of 
Man,”’ or the compilations of Wood, Brown, 
Peschel, or Brace, the present work will 
present a surprising amount of freshness and 
originality. They will in fact find themselves 
introduced to a new and very captivating 
science, i 





Andaman 


The first chapter contains a brief sketch of 
what we learn from history, archaeology, and 
geology, as to man’s antiquity and early 
condition; and in the next we are shown man’s 
relation to the lower animals both in bodily 


structure and mental characteristics. The 
numerous remains now discovered of prehis- 
toric man, and of his works. dating back to an 
undoubtedly vast antiquity, show us in no case 
any important deviation from the existing 
human type, nor any indication that his 
mental status was lower thaa (if so low as) that 
of many living races. At the same time the 
increasing rudeness of his implements as we go 
back, undoubtedly indicates that we have 













made some approach towards the period when 
he first emerged from the purely brute state 
and became ‘‘a tool-using animal.” 

In the next chapter we have an excellent 
sketch of the chief races of man copiously 
illustrated by portraits, mostly from 
photographs and very characteristic. Among 
the best are those of the Andaman Islanders 
and the Dyaks, which we here reproduce, 

The four chapters on Language,are exceed- 
ingly interesting and instructive, especially the 
account of the gesture language and the 
illustrations of how connected stories may be 
told to the deaf-and-dumb quite indepen- 
dently of any knowledge of alphabetical or 
even verbal signs. In treating of the origin of 
language Mr. Tylor doubts the sufficiency of 
the theory that emotional, imitative, and 
suggestive sounds were the basis on which all 
languages were founded, though he gives 
toleraby full illustrations of how roots thus 
obtained became modified in an infinite 
variety of ways to serve the growing needs of 
mankind in expressing their wants or their 
feelings. Putting aside all mere representations 
of animal sounds — as the whinny of the colt, 
the mew of the cat, or the bleat of the sheep — 
consider how clearly do such words as slide, 
glide, and wave imply slow and continuous 
motion, the movement of the lips while 
pronouncing the latter word being a perfect 
double undulation. How curiously do the 
tongue and palate seem to be pulled apart from 
each other while pronouncing the words glue 
or sticky. How marked is the contrast between 
the harsh consonants used to express rough, 
rugged, and gritty, as compared with the soft 
flow of sounds in smooth, oily, even, 
polished. Among the Malay races, for 
instance, in words for large we find a 
prevalence of broad sounds involving a wide 
opening of the mouth, as busar, baké, bagut, 
lamu, elamo, flahé, erdmet, aiyuk, mdina — 
and for small, words that are pronounced 
quickly and with slight opening of the lips, as 
kichil, chili, kidi, köi, roit, kemi, anan, ktiti, 
fek, didiki, all taken from languages of the 
Malay Archipelago. 

The five following chapters treat of the Arts 
of Life, a subject which Mr. Tylor has to a 
great extent made his own, and which he 
discusses in a very interesting manner. The 
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acidification at sites where fish stocks are 
under stress, 

The eight-year SNSF project has. 
clarified many aspects of the acid 
precipitation problem. The claims that 
reduction of fish stocks has been caused by 
acid precipitation have generally been 
substantiated, although questions remain 
concerning the contribution from changes 
in land use. In contrast, the long-term 
effect of acid precipitation on forest 
productivity is far from understood and 
intensive studies have failed to reveal any 
clear trends. The SNSF project has 
predicted that a reduction of at least 
seventy per cent in H+ and SO,*- 
concentrations in precipitation is necessary 
to restore all lakes to their previous 
condition: this would involve international 
changes in energy policy which would 
encounter severe political obstacles. So far 
as action within Scandinavia is concerned, 
attempts to improve the water quality by 
the addition of lime, followed by 
restocking with fish, have achieved only 
limited success and a profitable course may 
be an extension of a preliminary SNSF 
programme for breeding strains of trout 
and salmon tolerant to acid conditions, © 


doctrine of development in the arts is however 
somewhat strained when it is implied that the 
modern gun is an outgrowth of the South 
American or Indian blow-tube; while the 
origin of bank notes, and the account of the 
rise and progress of mathematics are hardly 
anthropology. 

The next two chapters discuss the ideas of 
savage man as to the spirit-world, and the 
origin and development of myths; while the 
final chapter gives an admirable sketch of man 
as a social being, and of the development of 
that complex organism, Society. This thought- 
ful chapter cannot be epitomised, but the 
reader will find in it much curious information 
as to the sources of many of the customs, laws, 
and observances of civilised life, which are 
shown to be often traceable among the lowest 
savages. 

ALFRED R. WALLACE 


From Nature 24, 14 July, 242, 1881. 
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A small group of closely related proteins is responsible for all active transport in animal cells, and 
inorganic cations are the only substances transported by these enzymes. They share a common kinetic 
mechanism in which two fundamental conformations participate, each receiving and dispatching 
substrates from its unique side of the membrane. During transport, the cations must pass through their 
enzyme to cross the membrane and intense interest is currently focused on the possibility that the path 
which they follow lies within the interface between two discrete subunits in a dimeric structure. Although 
‘half-of-sites’ behaviour, consistent with this hypothesis, has been reported, it is now known that 
systematic errors were responsible for this mistaken conclusion. The number of protomers which 
comprise a functional unit of active transport has not been determined. 





THE plasma membrane of an animal cell forms the permeability 
boundary which separates the cytoplasm from the external 
environment. A diverse collection of metabolites is transported 
across the plasma membrane by a group of transport proteins, 
each of which mediates the flux of a specific substrate or group of 
substrates. Enzymes responsible for the active transport of 
sodium and potassium’, calcium?”, and protons and potassium“ 
have been purified to homogeneity. The minimum stoi- 
chiometries for the chemical equilibria catalysed by these 
enzymes are, respectively: 


2Ko +3Na; +MgATP,z% MgADP, + P,+3Nag + 2K? 
2Ca?* + MgATP, z> MgADP,; + P, + 2Caz* 
nKo +nH; +MgATP,zMgADP,+P,+nHo+nK; 


where i and o indicate the cytoplasm and extracytoplasmic 
spaces, respectively**. In broken membrane fragments or pre- 
parations dispersed in detergents, these reactions are expressed 
as a sodium- and potassium-dependent ATPase ((Na* + 
K*)ATPase), a calcitum-dependent ATPase (Ca’*-ATPase) and 
a proton- and potassium-dependent ATPase ((H*+ 
K*)ATPase). The movements of the cations in each direction 
and the hydrolysis of the MgATP are coupled obligatorily so 
that the free energy from the hydrolysis of ATP is converted into 
electrochemical gradients of the cations. The similarity of these 
three chemical reactions is quite striking. 

No other enzymes which reside in the extramitochondrial 
membranes of animal cells and which can convert metabolic 
energy directly into the work required to move molecules 
against a concentration gradient have been described. In addi- 
tion, every other known example of net extrusion or accumula- 
tion of any substance against its concentration gradient across an 
animal cell plasma membrane involves the coupling of that 
movement to the electrochemical gradient of sodium created by 
(Na*+K*)ATPase. In other words, the three chemical equili- 
bria shown above describe all known examples of active trans- 
port in animal cells. Therefore, when active transport is used as a 
term here, it will refer only to the reactions catalysed by (Na* + 
K*)ATPase, Ca**-ATPase and (H* +K*)ATPase. 

These enzymes, as well as a membrane-bound ATPase in 
fungi responsible for active proton extrusion’, are very closely 
related to each other, They each contain a large polypeptide 
chain whose apparent length, from SDS-polyacrylamide gel 
analysis, lies between 900 and 1,200 residues'*"*. In each case 


this polypeptide is the phosphorylated intermediate associated 
with catalysis*’"'*, Additional similarities have been noted 
between Ca** ATPase of the sarcoplasmic reticulum and (Na* + 
K*)ATPase of the plasma membrane. Both proteins have an 
identical sequence around the aspartic acid residue which is 
phosphorylated during turnover”, and beth have membrane- 
affiliated regions distributed throughout the catalytic sub- 
unit'*"'°. Finally, the phosphorylated aspartic acid in both pro- 
teins is located in the same region of the catalytic subunit, 200~ 
400 residues from the amino terminus’*'”, Although the other 
enzymes which catalyse active transport, (H* + K°)JATPase and 
the fungal H*-ATPase, have yet to be studied as carefully, it is 
reasonable to assume that they will share these similarities. 
These correlations suggest that all the enzymes which catalyse 
active transport share a common ancestor. Thus, conclusions 
drawn from any one of these enzymes probably apply to all of 
them. In particular, they all must have very similar kinetic 
mechanisms which proceed through analogous intermediate 
steps and all must have equivalent tertiary and quaternary 
structures, positions within the bilayer and cation channels. 

It is unclear how these enzymes move cations across the 
membrane or how they couple the movement of the cations to 
ATP hydrolysis. The answers to these questions are likely to 
involve molecular explanations of at least two conformations 
which these enzymes can assume on the one hand, and on the 
other, of the minimum unit necessary for enzymatic function. 


Kinetic mechanism 


Various aspects of the sequence of kinetic steps through which 
(Na*+K*) ATPase passes during its turnover have been 
examined both in membrane fragments and in the ATP-depen- 
dent, ouabain-inhibited, active cation fluxes of sealed systems, 
(Na*+K*)ATPase can be covalently phosphorylated on an 
asparate residue by the y phosphate of MgATP’®; the phos- 
phorylated intermediate is formed in the presence of sodium but 
hydrolysed in the presence of potassium’. This acy! phosphate 
has rates of formation and decay which are rapid enough for it to 
be an intermediate in the kinetic sequence of the reaction of the 
enzyme. When the rate of its forward decomposition is constant, 
the rate of overall turnover is directly proportional to its steady- 
state concentration”. These experiments clearly establish that 
the enzyme is phosphorylated and dephosphorylated each time 
it turns over, and they divide active transport into two distinct 
steps. 
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Although the distinction between phosphorylated and 
unphosphorylated enzyme is a simple one involving the 
presence or absence of a covalent bond, there also seem to be at 
least two unique conformations of the native enzyme, the 
definitions of which are rather more ambiguous. Nevertheless, it 
is believed that the conformational changes which interconvert 
these states are more fundamental than phosphorylation and are 
responsible for the actual movement of the respective cations 
from one side of the membrane to the other. The two con- 
formations, designated E, and E2, differ in their affinity for 
ATP*'”?, their intrinsic fluorescence spectra’’, susceptibility to 
trypsin'’**?* and the response of their phosphorylated inter- 
mediates to ADP and K*(ref. 26). Transitions between E; and 
E, are detected by changes in any one of these properties. Both 
N-ethylmaleimide alkylation?” and oligomycin”® prevent these 
transitions. 

Although there is still extensive disagreement about the 
details of the process, the following scheme is at least consistent 
with the experimental observations???" 








E,—P $ (Na™), €z a Ez 


P (K`) 


a 
Ez (Kh AT 
pe 2’ (K”)a: ATP NG 
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multimer, which has evolyed under all these constraints, is a 
dimer whose dyad axis runs through the membrane. Further- 
more, the only significant channels which pass through the 
centre of protein molecules lie between subunits and are often 
found centred on axes of symmetry. The true dyad of haemo- 
globin is the earliest and most striking example of this*?. These 
consequences, which result when the rules that govern the 
symmetry of oligomeric proteins“! are applied to the two- 
dimensional environment of the phospholipid bilayer’***, have 
recently been reviewed by Klingenberg“. 

It is known that active transport of sodium and potassium 
through membranes does not involve the rotational or trans- 
lational diffusion of (Na* +K*)ATPase across the membrane“. 
Thus it has been proposed that the enzyme spans the plasma 
membrane” and forms a channel across it through which the 
cations pass. In this scheme the pathway for the cations lies 
through the centre of the enzyme molecule, and is formed by the 
juxtaposition of two subunits of the enzyme and located along 
the dyad axis between them. The enzyme alternates between 





E2: K’) 


aeneae 


(Na*),:E,~P z (Na"h EP: ADP a (Nah: E, ATP zam (K')h: Ej: ATP 


Some of the steps in this scheme are proposed as the result of 
kinetic inference, but most have been directly observed and rate 
constants or equilibrium constants have been assigned to them. 
In normal circumstances the cycle operates in the clockwise 
direction, extruding sodium and accumulating potassium. 
Kinetic experiments indicate that the transition from E, ~P to 
E,—P requires sodium to be bound to the enzyme, whereas the 
transition between E, and E; requires potassium. This suggests 
that E, is the inward-facing form of the enzyme which normally 
releases potassium as a product and receives sodium as a sub- 
strate, and E, the outward-facing form which releases sodium as 
a product and receives potassium as a substrate. Therefore, it is 
during the transition between these two forms that the cations 
traverse the plasma membrane. Kinetic experiments with Ca’*- 
ATPase*’? and (H*+K*)ATPase™’ have been interpreted in 
terms of a mechanism completely included within the more 
detailed mechanism which is currently available for (Na* + 
K*)ATPase. No counter ion, however, has been identified which 
would have the same role in Ca**-ATPase that K* does in the 
mechanism of (Na*+K*)ATPase and (H*+K*)ATPase. It 
should be emphasized that this mechanism is able to explain?”** 
the negative cooperativity displayed in the MgATP kinetics of 
Ca**-ATPase**, (H*+K*)ATPase®* and (Na*+K*)ATPase”* 
without any need to postulate half-of-sites behaviour or inter- 
subunit interactions. 


Molecular structure 


While these kinetic observations were being accumulated, 
another series of experiments were being done to provide 
evidence for a particular structural explanation of the transition 
between E, and E;. These experiments evolved from the 
following theoretical argument”. In a lipid bilayer all protein 
molecules of the same sequence are inserted so that they point in 
the same direction®”**. As the same area on the surface of each 
molecule, which is defined by a preponderance of aliphatic 
amino acid side chains”®, interacts with the boundary lipid*’, all 
folded polypeptide chains of the same sequence float at the same 
depth. With few exceptions, when two or more identical poly- 
peptide chains combine to form a multi-subunit complex, they 
form a closed structure by arranging themselves about a rota- 
tional axis of symmetry*'. In the membrane, this axis of sym- 
metry is necessarily normal to the plane of the bilayer. The 
simplest arrangement of subunits in a membrane-bound 





two conformational states, E, and E}, during turnover. These 
conformations differ from each other primarily in small struc- 
tural alterations in the geometry of the channel; E, provides 
access to the cation compartment from the inside of the cell, E, 
from the outside. During the conformational changes which lead 
to net transport, each cation remains in the compartment and 
then departs into the medium on the side of the plasma 
membrane opposite to that from which it originally came. This 
hypothesis for the mechanism of (Na*+K*)ATPase*, and by 
analogy for the other enzymes catalysing active transport, was 
adapted from a model originally discussed by Jardetzky**, 
generalized to other systems by Singer*’, and described in 
Klingenberg’s article”. 

This proposal is only barely consistent with what is known 
about the structure of (Na~ +K*)ATPase. Purified canine renal 
(Na*+K*)ATPase contains two polypeptide chains, one a 
larger (a, molecular weight (MW) 120,000 + 10,000), relatively 
hydrophobic protein, and the other a smaller (8, MW 55,000 + 
5,000) sialoglycoprotein****, It is the larger polypeptide which is 
the sibling of the polypeptides from Ca?* ATPase and (H* + 
K*)ATPase and it is generally assumed that this chain has the 
catalytic role. Both these polypeptides, however, are part of a 
specific complex“? because they can be cross-linked to form a 
unique af heterodimer***’. The two chains are present in the 
native enzyme in equimolar ratio’ so that the minimum asym- 
metric unit is af. In certain conditions, it is possible to form a 
unique, covalently cross-linked a, dimer’***°°. Discrete 
complexes with apparent molecular weights of 380,000 (ref. 51) 
and 280,000 (ref. 52) and which are capable of regaining activity 
have been produced by detergent treatment. Electron micro- 
graphs have also been interpreted as indicating that the native 
enzyme is a multimer of af units’. The presently accepted, 
although far from proved, structure of native (Na* + K*)ATPase 
is shown in Fig. 1. If this structure is accurate, then Ca?* ATPase 
and (H*+K*)ATPase must have the same appearance except 
that the 8 chain would be missing. 

Klingenberg** has proposed that the present experimental 
evidence is sufficient to conclude that the structure shown in Fig. 
1 is correct for (Na*+K*)ATPase. In addition, he assembles 
other experimental results which suggest that oligomeric struc- 
tures are common in membrane-bound proteins. Although this 
may be true, it is far from from proved, and it would be useful 
here to review briefly the serious shortcomings of the procedures 
which were used to reach these conclusions. 
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Oligomeric associations 


In the case of covalent cross-linking, the geometry of the 
membrane itself confuses the result. In all membranes or 
membrane fragments, the distances between neighbouring pro- 
tein molecules are much shorter than the distances between 
molecules in even the most concentrated isotropic solutions of 
soluble proteins. As a result, collisions between unassociated 
molecules are much more frequent, increasing the likelihood of 
artefactual cross-linking. Although the overall cross-linking 
reactions are often pseudo-first order in their kinetics”®, this is 
consistent with either a preexisting complex or an initial rate- 
limiting covalent reaction followed by a very rapid collision of 
monomers. An additional problem caused by the two-dimen- 
sional properties of the bilayer is that on every monomer of a 
certain sequence, each of the specific amino acid residues which 
are the targets for a given cross-linking reagent will lie at the 
same distance from the centre of the bilayer as its twin on 
another monomer. When bis-functional reagents are used, this 
fact greatly increases the likelihood that the twins will be 
coupled on collision. Once a covalent, symmetrical pair is 
formed, however, from two previously unacquainted 
monomers, neither has the reactive position available for further 
polymerization and a unique covalent dimer will be observed 
with no evidence of higher oligomers. A striking example of this 
principle is the adventitious dimer of acetylcholine receptors 
which is found in preparations made in the absence of reducing 
reagents but which serves no biological purpose**. Finally, 
cross-linking of membrane-bound proteins is rendered more 
ambiguous by the presence of the randomly oriented clusters of 
proteins often seen in electron micrographs™’. 

The oligomeric assemblies of membrane-bound proteins 
which have been observed in the ultracentrifuge when these 
molecules are dissolved in various detergents are also cited“ as 
evidence for the existence of similar, native complexes. It is not 
the case, however, that only one, unambiguous complex is 
always observed under these circumstances. Stable tetramers, 
dimers and monomers of Ca”*-ATPase have been separated 
and identified’. (Na*+K*)ATPase, on the other hand, is 
supposed to exist as a dimer in detergent solution, compatible 
with the fantasy shown in Fig. 1. However the molecular 
weights, determined for this presumably discrete complex by 
ultracentrifugation in two separate laboratories*'*’, differ by 
30% from each other. Furthermore, in neither case did the 
protein show (Na* +K*)ATPase activity when dissolved in the 
concentration of detergent required to disperse it. Finally, the 
very substantial corrections which are necessary to account for 
the effects of bound detergent, carbohydrate and lipid on the 
hydrodynamic properties of the particle*’, although theoretic- 
ally pleasing, have yet to be independently verified. The cautious 
reader should note the errors made with aldolase®* and aspar- 
tate transcarbamoylase*’ with the assistance of an even less 
complicated theoretical development in much simpler circum- 
stances. 

A clear indication of the uncertainty of the present position is 
that Klingenberg** has concluded, from experimental results of 
the type just discussed, that (Na* +K*)ATPase is a dimer of 
asymmetric units, whereas Ca’*-ATPase is a tetramer. If this 





Fig. 1 Drawing of the imagined molecular structure of (Na* + 

K")ATPase. The subunits are drawn so that their volumes cor- 

respond to molecular weights of 120,000 and 55,000 using as a 
scale the width of the bilayer (4.0 nm). 





were true, (Na* +K*)ATPase would have a two-fold symmetry 
axis and Ca**-ATPase, a four-fold one. As it is impossible to 
evolve a protein with a four-fold axis from one with a two-fold 
axis, or vice versa, the common ancestor of these proteins would 
have been a monomer. If this were the case, the oligomeric 
structures of these proteins would be irrelevant to the process of 
active transport. A more likely resolution of this confusion, 
however, is that both (Na* + K*)ATPase and Ca’* ATPase have 
the same oligomeric structure but the true aggregation state of 
neither has been established. 


Half-of-sites behaviour 


Unfortunately, the theoretical proposals for the mechanism of 
active transport and the experiments which investigated the 
quaternary structures of membrane-bound proteins were being 
published at a time when enthusiasm for half-of-sites 
mechanisms of enzyme catalysis had reached its peak“. It was 
immediately apparent that active transport was a strong candi- 
date for half-of-sites behaviour, and many results appeared 
which supported the possibility. There are several ligands which 
bind to (Na*+K*)ATPase: ouabain, vanadate, ATP and the 
phosphate of the covalent intermediate. Whenever comparisons 
are made with the same enzyme preparation, the molar concen- 
trations of each of these sites are the same****. As such, these 
ligands define the concentration of functional (Na*+ 
K*)ATPase units or active sites. There have been many esti- 
mates of the grams of protein per mol of sites in purified 
(Na*+K*)ATPase—these usually lie between 220,000 and 
280,000 g per mol of sites®’**. If one decides, on the basis of 
electrophoretic mobility, that the molecular weights of a and 8 
are 90,000 and 35,000, respectively, it can be concluded that 
there is about one site for the ligands per (a8 ), or ‘half-of-sites’. 

This conclusion had three major weaknesses. Most of the 
protein concentrations were based on the Lowry method which 
does not yield accurate, absolute estimates of protein concen- 
tration unless extinction coefficients are independently deter- 
mined™. Second, any estimate of grams per mol of sites neces- 
sarily represents only an upper limit of the true number because 
some inactive protein is always present. Therefore, the lower 
numbers are the more important estimates. Finally, the molecu- 
lar weights quoted for the chains are based only on gel elec- 
trophoresis, which gives minimum estimates of the true molecu- 
lar weight of a hydrophobic protein®. It has been pointed out 
that SDS-polyacrylamide gel electrophoresis underestimates 
the molecular weight of the subunit of Ca**-ATPase as a 
determination of this quantity by sedimentation equilibrium 
indicates that the true molecular weight of this polypeptide 
chain is 120,000 (ref. 66). 

New estimates of ouabain and ATP site concentrations for 
(Na*+K*)ATPase, based on protein determination by quan- 
titative amino acid analysis, yield values of 180,000 + 20,000 g 
per mol of sites***’, Similar values have also been obtained 
recently for the concentration of phosphorylation sites**, 
Finally, it has been established that there are 0.8-0.9 phos- 
phorylation sites‘°°? and ATP-binding sites present on each 
polypeptide chain in purified Ca?*-ATPase. Clearly there is 
sufficient reason to doubt that active transport enzymes ever 
display half-of-sites behaviour. 

In this context, it is illuminating to consider the present state 
of the half-of-sites or negative cooperativity problem in general. 
With the exception of hexokinase”, which for symmetry reasons 
is irrelevant to the problem of membrane-bound proteins, the 
number of established cases of half-of-sites behaviour is rapidly 
dwindling. There are many reasons why mistakes were made, 
even with soluble proteins, and each is more likely tooccur when 
a membrane-bound enzyme is examined. The most common 
problem is heterogeneity of enzyme due to the presence of 
contaminating, inactive protein” of partially denatured enzyme 
of lower affinity” or another protein which alters the proper- 
ties of some of the enzyme”, It is remarkable how such -situa- 
tions which should lead to various degrees of heterogeneous 
behaviour always produce half-of-sites behaviour; the concen- 








204 





Nature Vol. 292 16 July 1981 





Fig. 2 Hypothetical equilibrium between two monomers and a 

dimer of (Na* +K~)ATPase asymmetric units dissolved in deter- 

gent. The detergent replaces the bilayer as a collar around the 
protein. 


tration of sites is always half that expected. A corollary of these 
considerations would be the consequences which would result if 
some of the enzyme had been completely denatured during the 
detergent treatments necessary to isolate membrane-bound 
proteins. The partial or complete demise of an enzyme almost 
never alters its behaviour on polyacrylamide gels and would pass 
unnoticed in the ultracentrifuge. Another problem encountered 
with membrane-bound proteins is the presence of vesicles and 
multibilayers which prevent access of ligands to their otherwise 
normal sites. For example, the concentration of cardiac gly- 
coside sites on (Na*+K*)ATPase increases 1.6-fold when a 
membrane-bound, vesicular preparation is dissolved in deter- 
gent®” even though the polyacrylamide gels of the two prep- 
arations are indistinguishable. 

Finally, the shortcomings of the analytical procedures them- 
selves must be considered. Any practising protein chemist real- 
izes that the determination of the actual protein concentration in 
an experimental sample is extremely difficult”. A direct 
approach to the determination of the concentration of sites in a 
given preparation is often plagued by the problems of unstable 
intermediates, loss of protein, or large concentrations of 
unbound ligand—difficulties which can be overcome, however, 
by using more imaginative procedures”. Often, the actual 
molecular Weight of the subunits is doubtful. This quantity can 
only be established unambiguously from the sequence’®, but few 
sequences of membrane-bound proteins are available. Those 
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which are show that SDS-polyacrylamide gel electrophoresis 
significantly underestimates their true polypeptide length”. 

Almost all these difficulties result in an apparent decrease in 
the concentration of sites relative to the concentration of the 
polypeptide and may have contributed to the erroneous 
conclusion that half-of-sites behaviour is shown by active 
transport enzymes. 


Present uncertainty 
Thus it is unknown whether the boundary between two a 
subunits is involved in the process of active transport. The 
hyperbolic, non-interacting binding curves which are generally 
observed for the various ligands imply that the sites on each 
chain are well separated from each other and certainly not 
located within the same active site. Although dispersed forms of 
(Na*+K*)ATPase and Ca?*-ATPase which seem to be multi- 
meric have been identified, their existence does not necessarily 
imply that such arrangements are critical for function, some- 
thing half-of-sites could have settled. Reports which propose 
that Ca’*-ATPase can function as a monomer further compli- 
cate the issue’*®°. If this were true, it would eliminate the 
hypothesis outlined above, as well as any consideration of 
‘half-of-sites’, in the case of active transport. There are several 
distinct difficulties, however, with these experiments. First, 
estimations of the aggregation state of the enzyme were based 
only on hydrodynamic parameters which are difficult to inter- 
pret in systems containing protein, lipid and detergent. 
Furthermore, no attempt was made to determine the quaternary 
structure of the enzyme at the same time that turnover was being 
observed. If an equilibrium such as the one depicted in Fig. 2 can 
occur, then the conditions of the enzyme assay may promote 
dimerization and reactivation even though an inactive monomer 
is present in the ultracentrifuge. In conclusion, it is unknown 
whether the functional unit of an active transport protein is 
monomeric or dimeric, and if a dimer is involved whether it can 
participate in the way described above and yet not display 
half-of-sites behaviour. 
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Although it is widely believed that increasing atmospheric CO) levels will cause noticeable global warming, the effects are 
not yet detectable, possibly because of the ‘noise’ of natural climatic variability. An examination of the spatial and seasonal 
distribution of signal-to-noise ratio shows that the highest values occur in summer and annual mean surface temperatures 
averaged over the Northern Hemisphere or over mid-latitudes. The spatial and seasonal characteristics of the early twentieth 
century warming were similar to those expected from increasing CO; based on an equilibrium response model. This 


similarity may hinder the early detection of CO, effects on climate. 





OVER the past 100 yr there has been a steady increase of 
atmospheric carbon dioxide levels’ with the concentration rising 
from ~ 315 p.p.m. in 1958 to 338 p.p.m. in 19807. Most of this 
increase can be attributed to the ever-increasing use of fossil 
fuels. Carbon budget studies indicate that atmospheric CO, may 
reach 600 p.p.m., approximately double the pre-industrial level, 
some time between AD 2030 and 208045. A doubling of CO, 
levels may well cause a major climatic change: however, the 
increase so far is probably too small for attendant climatic 
change to be detected above the ‘noise’ of natural climatic 
variability®”. 

It has therefore been suggested® that attention should be 
directed to the identification of a ‘precursor signal’ of the effects 
of CO, on climate. This requires a knowledge of the signal and a 
knowledge of the noise. The signal can be estimated only by 
numerical modelling experiments; the noise, a result of the 
considerable natural variability of climate, can be estimated 
using recent instrumental data. Simple radiative~convective 
energy balance models” indicate that a doubling of CO, could 
produce an increase in global mean annual surface temperature 
of 2-3 °C. More complex models '*" give information about the 
spatial and seasonal patterns of climatic change, but there is still 
considerable uncertainty in these model simulations, Neverthe- 
less, for any given modelled signal we can estimate, using recent 
data, the corresponding noise and so calculate a signal-to-noise 
ratio. The best climate parameters to monitor are those with the 
highest signal-to-noise ratio. These are not necessarily those 
with the highest signal. 


Signal-to-noise ratio 


One approach is to look for significant changes in the mean 
values of particular climate parameters. Climatic noise 
manifests itself through uncertainties in the means, which in turn 
can be quantified by the statistical confidence limits for the 
sample mean (X) as an estimate of the population mean. For a 
sample of size N(yr) with variance $%(={2%, (X; -XYY 
N —1), the confidence limits’ range, which is proportional to 
tn/ VN, decreases roughly as 1/VN. Averaging over longer time 
deriods gives a more confident estimate of the mean and reduces 
he noise level. However, the reduction in noise is not strictly 
yroportional to 1/ VN. Because most climate variables have a 
‘onsiderable amount of low-frequency variance, $y increases 
vith increasing sample size. Time-averaging reduces the noise, 
wt not quite as rapidly as 1/VN. To estimate the effect of 
ow-frequency variance, we suppose climate time series to 
ehave like first-order autoregressive processes. An additional 
actor 
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where v is the lag- 1 autocorrelation, appears, and the noise 
level can be defined as 


n =V VN) FIN, r) (1) 


The signal-to-noise ratio is simply (signal)/ 7. The V2 term arises 
because, in comparing two means, both will be subject to noise. 
As f(N,r)>1, autocorrelation, or any type of enhanced low- 
frequency variance, effectively increases the noise level, and its 
presence makes the statistical detection of asignal more difficult. 

Madden and Ramanathan’ have calculated the reduction in 
noise in seasonal and annual mean surface air temperatures at 
60°N due to time averaging, allowing for changes in Sy. Their 
analysis suggests that, in the absence of other compensating 
effects, and ignoring lag effects due to the thermal inertia of the 
oceans, the CO, signal should be detectable either now or by 
about AD 2000, depending on the assumed character of the 
signal. They conclude that the effects at 60 °N should be detect- 
able most easily in summer. 

Results for 60 °N need not apply to other latitudes, and it may 
well be that a higher signal-to-noise ratio obtains at some other 
latitude band. Furthermore, because spatial averaging reduces 
the noise level in most climate parameters, averages over wider 
latitudinal ranges may increase the signal-to-noise ratio. We test 
these possibilities in this article. 

Madden and Ramanathan used the resalts of Manabe and 
Wetherald'® and Ramanathan et al.'? to estimate the signal. In 
the latter work, the maximum signal is in high latitudes and in 
late spring-early summer. Here we use the general circulation 
model results of Manabe and Stouffer’? in which the signal is 
greatest at high latitudes and in late autumn to winter. Although 
the signal should certainly differ from season to season, there is 
some doubt about the seasonal distribution’. 

For our noise data we use gridded (5° latitude by 10° longi- 
tude) monthly surface air temperature data for the Northern 
Hemisphere over the period 1941-80 from ref. 14. The basic 
data are from World Weather Records, updated by NOAA in 
Monthly Climatic Data for the World, and supplemented with 
data from various National Meteorological Services, published 
records, and from the CLIMAT network. The number of 
individual stations varies from ~ 800 to 1,300. Data coverage 
becomes less complete as one moves back from 1940. Because 
of the sparsity of meteorological stations in ocean areas, the data 
grid has quite large gaps over the oceans. We have therefore 
used the land-area signal given by Manabe and Stouffer’? (their 
Fig. 16c) to calculate signal-to-noise ratios. 


Spatial distribution of signal-to-noise ratio 


In Fig. 1 we show the signal-to-noise ratio (SN) as a function of 
latitude and month which is defined as 


SN = 3A Tus/ (2) 
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Fig. 1 Signal-to-noise ratio for predicted CO2-induced changes 
in surface air temperature as a function of latitude and month. The 
signal is based on the numerical modelling results of Manabe and 
Stouffer’. The noise has been calculated from grid-point surface 
temperature data'*: the value for month j at latitude L is the 
areally weighted average of grid points at L~5, L and L +5, and 
the noise level is proportional the standard deviation of month-j 
values over the period 1941-80, corrected for autocorrelation 
effects. 


where n is given by equation (1), and ATyg is the temperature 
increase for a quadrupling of atmospheric CO, (the factor 1/2 
arises because AT is approximately proportional to In q where 
q = CO,/CO} (ref. 7)). We have allowed for the effect of low- 
frequency variance on time-averaging by including the term 
FIN, r). F(N, r) is generally near 1 for our data, but ranges up to a 
maximum near 2. Its inclusion makes little qualitative difference 
to our results. Although our noise levels have been calculated 
using the period 1941-80 iN = 40), we have examined other 
time periods (and different values of N) and obtained very 
similar results. A value of SN 2 1.7 corresponds to a statistically 
significant AT at the 0.05 level. The temperature changes 
corresponding to a doubling of CO, are highly significant for all 
months and all latitudes relative to the noise level. 

Figure 1 shows that the most likely season and latitude zone in 
which to detect the effects of CO, is during the summer months 
in middle latitudes; in spite of the fact that the assumed maxi- 
mum signal is in winter in high latitudes. The importance of 
summer in detecting CO, effects is in accord with Madden and 
Ramanathan’, but our results suggest that the signal-to-noise 
ratio around 40°N is higher than at 60 °N. 

Monthly values of zonally averaged temperatures may not 
give the highest values of SN. Averaging into seasons and over 
the whole year reduces the variance of climate parameters, anda 
further variance reduction can be achieved by spatial averaging. 
We therefore examined seasonal and annual data for four 
different regions, a low-latitude zone (5° S-25° N inclusive), a 
mid-latitude zone (25°-55° N), a high-latitude zone (55°-85° N) 
and the whole Northern Hemisphere (0~85° N). SN values, 
defined as above, are given in Table 1. From these results, and 
similar analyses of different time periods (not shown here), the 
highest signal-to-noise ratios appear to be for summer mid- 
latitudes, spring and summer Northern Hemisphere averages, 
annual mid-latitudes and annual Northern Hemisphere 
averages. Models with a different seasonal distribution of signal 
(see ref. 13) would imply even stronger signal-to-noise ratios in 
summer. 


Recent changes in Northern Hemisphere and mid-latitude, 
summer and annual average surface temperatures are shown in 
Fig. 2. Some of the short-term variability has been smoothed out 
by using a 1-2-1 binomial filter, but the noisiness of the record is 
apparent. In neither of the summer curves is there any apparent 
trend (in either direction) since the mid-1960s. A slight upward 
trend is noticeable in the annual curves after 1972, but more 
pronounced and longer-lasting trends have occurred before, 
noticeably before 1940. We therefore examined this early 
warming period more closely. 


Comparison with an earlier warming period 


Figure 2 shows the strong warming trend in Northern Hemi- 
sphere and mid-latitude, summer and annual average tempera- 
tures between 1910 and 1938. If we compare the coldest and 
warmest 20-yr periods this century (1901-20 and 1934-53 
respectively), then all seasons and latitude bands show a warm- 
ing. Statistically, the most significant changes occurred in 
Northern Hemisphere averages for spring, summer, autumn and 
annual means, and in mid-latitude averages for summer and 
annual means, in striking accord with the latitude zones 
and seasons for which the CO, signal-to-noise ratio is highest 
(Table 1). 

Although we can be reasonably sure that the early twentieth 
century warming was not due to increasing CO,, it is instructive 
to examine this possibility more closely. Two approaches may be 
used to test the hypothesis that CO, was a causal factor; the 
magnitude of warming can be compared with that expected from 
the known increase in atmospheric CO, or the spatial and 
seasonal patterns of warming can be compared with those 
expected on the basis of CO, modelling experiments. The latter 
comparison is shown in Fig. 3 where the CO, signal’? is plotted 
against the temperature change between 1901-20 and 1934-53 
using the same seasonal and spatial grouping as before. The 
comparison is sufficiently good that is could be taken to support 
CO, as a cause for the early twentieth century warming. There 
are some interesting differences, however. Compared with the 
annual Northern Hemisphere temperature change, the ob- 
served low-latitude changes were too low, especially in summer. 
In mid-latitudes the seasonal character of the observed changes 
(winter minimum, summer maximum) contrasts sharply with 
that expected on the basis of Manabe and Stouffer’s model, but 
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Fig.2 Variations in Northern Hemisphere and mid-latitude (25- 

55° N) summer and annual average temperatures over the past 

70yr from ref. 14. The values are anomalies relative to the 

1946-60 mean and have been filtered using a three-term binomial 
filter (except for the 1980 value). 
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accords better with Ramanathan et al.. Given our lack of 
understanding of the details of both natural and CO,-induced 
climatic change, these exceptions alone are probably insufficient 
to reject CO, as a possible cause of the early twentieth century 
warming. 

However, the warming between 1901-20 and 1934-53 is, 
based on the most recent numerical model results, much larger 
than would be expected to result from the small increase in 
atmospheric CO, which occurred over this period. Additionally, 
between about 1940 and 1970 there was a significant cooling 
(Fig. 2) and this is incompatible with the CO, hypothesis. 

The early twentieth century warming is a low-frequency 
component of the noise which acts to obscure any influence of 
increasing atmospheric CO, (in so far as any climatic change 
which is not attributable to CO, can be considered as noise). 
Because we have information about only one manifestation of 
this low-frequency component, we know nothing about its 
statistical properties. Nevertheless, this single example illus- 
trates the similarity between natural and predicted CO,-induced 
temperature changes; a similarity which might imply that anal- 
ysis of spatial and/or seasonal details of future variations in 
surface temperature will be of little help in distinguishing natural 
changes from the effects of CO. 

A second difficulty in detecting CO, effects arises because of 
lags in the response to increasing CO, which result from thermal 
inertia associated with oceanic mixing’. Most models used in 
studying possible CO, effects (including that of Manabe and 
Stouffer'*) have considered the equilibrium response to a step- 
function increase in CO). Transient response models'* indicate 
that oceanic influences might cause the climate response to lag 
5-20 yr behind the CO, forcing. Such a lag, in itself, is a 
significant factor in determining when the effects of CO, might 
first be detected. However, an equally important result is that 
the spatial pattern of the transient response may differ 
considerably from that expected on the basis of equilibrium 
models’*. We have shown that the character of natural low- 
frequency changes in surface temperature can be similar to the 
equilibrium CO, response. If transient response patterns do 
differ from equilibrium response patterns, this may make it 
easier to distinguish CO, effects from natural changes in climate. 


Conclusions 


We have examined the signal-to-noise ratio for surface 
temperature averaged over periods of 1 month to 1 yr and over 
latitude zones of widths from about 15° to 85°. The quantitative 
details of our results, especially those in Fig. 1, are model 
dependent. Our general conclusions are, however, relatively 
insensitive to the choice of the model used to define the CO, 
signal, because they depend strongly on the spatial and seasonal 
distribution of the natural variability of surface temperatures. 
For example, our conclusion that signal-to-noise ratio is highest 
for mid-latitude or Northern Hemisphere summer or annual 
means arises primarily because of the relatively low natural 
variability of summer temperatures. We can also conclude that 
the signal-to-noise ratio in low latitudes is of comparable 
magnitude to that in high latitudes (see Table 1), primarily 





Table 1 Signal-to-noise ratio for different latitude bands and seasons 





Latitude range Winter Spring Summer Autumn Annual 
Low 23 (1.6) 28(1.7) 36(1.6) 36(1.8) 31 (1.7) 
(5° §-25° N) 

Mid 26 (2.7) 36(2.4) 49(2.2) 40(2.4) $312.4) 
(25° N-55° N) 

High 23 (4.6) 31(4.1) 25(2.0) 28(3.5) 33 (3.5) 
(55° N-85° N) 

Northern 32 (2.6) 44(2.4) 43(1.9) 35(2.4) 44(2.3) 
Hemisphere 

(0-85° N) 


Tameka amannman a 


The signal (° C) corresponding to a doubling of CO; (that is 3A Tass) is 
given in parentheses; based on Manabe and Stouffer’. 
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Fig. 3 Comparison of observed temperature changes between 
1901~20 and 1934-53 with changes expected to result from 
increasing atmospheric CO, levels. The abscissa is the observed 
temperature change and the ordinate is the CO, signal for a 
doubling of CO, based on the land area results of Manabe and 
Stouffer”? Different latitude bands are distinguished by the posi- 
tion of the band in the triangle. 4, Hemispheric averages. Seasons: 
W, winter; Sp, spring; S, summer; F, autumn or fall, no letter, 
annual average. 


because of the low variability of low-latitude surface tem- 
peratures. This conclusion would only be invalidated if the 
ice-albedo feedback at high latitudes were considerably under- 
estimated by currently available climate models: this is 
unlikely’*. The uncertainty in the spatial patterns of climate 
response to increasing atmospheric CO, places considerable 
emphasis on monitoring large-scale averages for precursor 
signals of the effects of CO,. 

Because of the demonstrated similarity between observed 
natural changes in surface temperature and the changes predic- 
ted by Manabe and Stouffer’s equilibrium model, it is 
important to investigate in more detail the differences in 
response between equilibrium and transient response models. If 
the differences are large, this would cast seme doubt on the value 
of both equilibrium model results? and instrumental ana- 
logues’® in generating spatially detailed scenarios for a high- 
CO, warmer world. If the differences are small, the opposite 
conclusion could be drawn. 

The change in surface temperature between 1901-20 and 
1934-53 was similar in magnitude to that expected to result 
from a CO, increase of ~ 14% based on Manabe and Stouffer's 
model'?, Between 1970 and 1980 atmospheric CO, concen- 
tration increased by ~ 4%, A further 10% increase will almost 
certainly occur before the year 2000, probably by 1990, We 
might, therefore, anticipate changes in climate of a similar 
magnitude to those experienced in the first half of this century to 
occur over the next 10-20 yr. As most of the early twentieth 
century warming occurred between the lete 1910s and the late 
1930s (Fig. 2), the rate of future CO, induced changes this 
century is unlikely to be faster than natural changes which we 
have recently experienced. If current model simulations are 
correct, then the rate of change of surface temperatures over the 
next 20 yr is, therefore, not likely to be useful in distinguishing 
CO, effects from natural climatic change. 

Because of difficulties in using surface temperature data to 
detect the effects of increasing atmospheric COu, it is important 
to look at other climate parameters. There is a strong statistical 
and causal link between circulation changes and changes in 
surface temperature’’, so that surface climate variables other 
than temperature may not help significantly in trying to dis- 
tinguish CO,-induced changes from natural changes in climate. 
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Detailed spatial studies are hampered by the uncertainties in the 
spatial patterns of CO, effects. The predicted cooling of stra- 
tospheric temperatures might be useful, but our knowledge of 
the natural variability of stratospheric temperatures is meagre. 
Furthermore, other anthropogenic effects might also cause 
stratospheric cooling’*. The same problems apply to monitoring 
changes in lapse rate'*. An interesting possibility might be to 
monitor satellite radiation budget data as suggested by Madden 
and Ramanathan’. 

The noise level in climate data may be reduced by eliminating 
variations with known causes. For example, the Southern 
Oscillation???’ accounts for a significant part of the climate 
variance in some parts of the world, and this component might 
usefully be factored out by regression techniques. Alternatively, 
if there were accurate measurements of atmospheric turbidity 
and/or solar variability to which aspects of climatic change could 
be unequivocally ascribed, then the effects of these parameters 
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could be removed, either by using numerical models or, less 
satisfactorily, by using empirically-based statistical relation- 
ships. Further improvements in numerical models and in our 
understanding of the causes of recent climatic change are 
required before this approach can give convincing results. 

The effects of CO, may not be detectable until around the turn 
of the century. By this time, atmospheric CO, concentration will 
probably have become sufficiently high (and we will be com- 
mitted to further increases) that a climatic change significantly 
larger than any which has occurred in the past century could be 
unavoidable. To avert such a change it is possible that decisions 
will have to be made (for example, to reduce anthropogenic CO, 
emissions) some time before unequivocal observational ‘proof’ 
of the effects of CO, on climate is available. 
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Long-period geomagnetic secular 
variations since 12,000 yr BP 
K. M. Creer 
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A comparison of secular variation records of the geomagnetic field inclination obtained from palaeomagnetic studies of 
European and North American post-Glacial and late-Glacial sediments suggests that geomagnetic westward drift has 
persisted through the past 12,000 yr. Between 12,000 and 2,500 yr BP the overall average drift rate was between 0.14 and 
0.16 deg yr’, At ~2,500 yr BP it is tentatively suggested that the drift rate increased and rose to a maximum of nearly 


0.5 deg yr" before decreasing to historically observed values of ~0.25 deg yr. 


t 





OUR present knowledge of the spectrum and spacial charac- 
teristics of the geomagnetic field’s longer period secular varia- 
tions is derived from observatory magnetometer records which 
cover only the past two centuries, supplemented by the 
occasional magnetic compass and dip circle readings logged by 
ancient mariners’ thus limiting our understanding of how the 
field is generated. From these data, world maps contouring the 
various geomagnetic elements have been constructed for epochs 
through the past three to four centuries’ * from spherical 
harmonic coefficients computed up to degree n = 4, 

It is convenient to separate the observed field at any specific 
epoch into dipole and non-dipole components. The pattern of 
the non-dipole part of the field has been distributed around four 
positive and five negative foci throughout history, Geomagnetic 
secular variations are caused both by changes in intensity and 
orientation of the dipole and by westward drift and changes in 
intensity of the non-dipole part of the field. Through the past 
four centuries, some non-dipole foci have drifted to the west 
while others have stood still: some have maintained constant 
intensity while others have grown or decayed*®. 

The geomagnetic field can be separated mathematically into 
drifting and standing parts”. The form of the drifting part of the 
vertical component of the non-dipole field is shown in Fig. 1 for 
the Northern and Southern Hemispheres using Yukutake and 


Tachinaka’s data®. Its contours exhibit an essentially quadru- 
polar symmetry: in each hemisphere there is one large positive 
and one large negative region, each of which contains its own 
individual structure which evolves with time. The mean rate of 
westward drift is ~0.25 deg yr™' which is similar to that deter- 
mined by Barraclough’ for the eccentric dipole into which the 
dipole and quadrupole parts of the field are sometimes 
combined. The direction of drtft is not purely westward'®; in 
particular, it seems that the general quadrupole has rotated 
clockwise at a rate of 0.25+0.04 deg yr™' during the present 
century’ about a pole located near the Aleutian Islands rather 
than about the geographical pole. 

The dipole component is not axial: its equatorial part has 
drifted to the west at an average rate of 0.29 deg yr”! since the 
sixteenth century’®, though much slower drift rates have been 
obtained for epochs during the present century and have been 
explained by suggesting that the ‘standing’ part of the field 
actually undergoes a very slow eastward drift’?'’. 

The lifetime of non-dipole sources was once thought to be as 
short as a few hundred years*, but recently substantially longer 
lifetimes of ~7,000 yr have been suggested'”. For direct proof of 
such long lifetimes and of the persistency of westward drift we 
must look to archaeomagnetic and palaeomagnetic rather than 
observatory sources of data. 





0028-0836/81/290208—05901.00 


© 1981 Macmillan Journals Ltd 


Nature Vol. 292 16 July 1981 





Si EE a: 














ARO 











RRAIN ASN 
Ree SES RRP OT 
Se 

















RN 


e peste AD 1800 





Drifting part of non-dipole field z component 















MATN 


= ARNES 
LAEN SEN, Jan 1900 


oh ae et POTN RET 
Ata NEN 


wie 






















Nein r| s 2 
SS BN Sa ee 
PRT i= —— we Ç Jan 2000 
240 3 0 6 120 180 240 





— = nN <i l < W, 
Se ma 
A WAED] a 


W AD 1500 
















MEETA 
= AS 
SSD 























x a sidi are a Aude AD 1800 


Drifting part of non-dipole field z component 










WEEE Ee 
Ls 
otitis! | ae Try pd 








EAR AD 2000 
240 MA 0 nw wo m0 


Fig. 1 The vertical component of the drifting part of the non-dipole field for six epochs from AD 1500 to AD 2000. a, Northern Hemisphere; 
6, Southern Hemisphere. Contour interval, 2,000 nT. 


Thus, there are many gaps in our knowledge of the long term 
behaviour of the field during periods of settled polarity. The 
extended data sets becoming available from palaeomagnetic 
sources should help to resolve some of the outstanding prob- 
lems. 


Palaeomagnetic secular variation records 


During the past decade significant developments have been 
made in techniques of taking high quality undisturbed cores of 
unconsolidated lake and marine sediments“? and it has become 
possible to measure their weak natural remanent magnetiza- 
tions rapidly and accurately’*. In favourable conditions of 
deposition this remanent magnetization has been found to carry 
a record of the secular variations of the direction of the ancient 
geomagnetic field at the site of deposition through the time the 
sediments were being accumulated. However, as might be 
expected, the quality of these natural records is much inferior to 
that we associate with instrumental records. 

First, we must accept that the quality will be severely affected 
by any physical disturbance produced in the sediment, either 
naturally by slumping on the lake bottom due to, for example, to 
seismic activity or the action of turbidity currents, or mechanic- 
ally during the coring process or during transport or during 
sub-sampling of cores. Another difficulty arises from the fact 
that corers often ‘corkscrew’ their way into the bottom sedi- 
ments thus introducing a long wavelength trend and also dis- 





continuities into the declination record. This is why more good 
quality inclination than declination records are available and 
why the present discussion is restricted to inclination secular 
variations. 

Next, the natural remanent magnetization is not acquired 
instantaneously’*: it is produced by a combination of different 
mechanisms such as post-depositional grain rotation, chemical 
changes and possibly bacterial action. Thus the recorded signal 
is always subjected to a variable degree of smoothing which 
explains why substantial variations in the amplitude of specific 
features identified along records from different places (see Figs 2 
and 3) and even from different cores taken from the same lake 
are found. 

Finally it is difficult to date recent sediments with the required 
degree of accuracy. Radiocarbon dates are often affected by the 
presence of recycled fossil carbon which may have been 
deposited into the sediment as fragments ef fossil shell or plant 
remains (‘old carbon’ effect) or incorporated directly into 
organisms living at the time of deposition from calcium carbo- 
nate originating from pre-existing limestones dissolved in the 
lake water (‘hard water’ effect). Both these effects can produce 
radiocarbon ages which are too old by up to several thousand 
years so that we have to use indirect methods such as corre- 
lation of the ‘palaeomagnetic’ core with well-dated sections 
from the same locality using palynological or stratigraphical 
methods. 
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European post-Glacial and late-Glacial data 


Limnomagnetic research started with Mackereth’s study’® of 
post-Glacial sediments from Lake Windermere. Subsequent 
studies in UK (Lake Windermere, Loch Lomond, Lake 
Geirionydd) have produced a detailed and reproducible pattern 
of secular variations in inclination and declination'”'’ dated by 
over 30 radiocarbon age determinations. The characteristic 
features of the UK records, labelled a—v, can also be recognized 
over a wide area of Europe from Poland’? to Greece’. Records 
stacked from several cores from Lake Windermere 
(54°N 357°E)'® and from Lake Trikhonis (39°N 22°E)” are 
shown in Fig. 2. A record from Lac de Joux (47°N 5°E) extend- 
ing back to about 14,000 yr BP has been dated by correlation 
with the well established biostratigraphy for the Joux valley”’. It 
exhibits features 6-p particularly well. The younger features a- 
are exhibited more clearly for Switzerland in the Bielersee 
record, which as yet can be dated only by correlation of magnetic 





Table 1 Ages of inclination features 





Windermere St Croix Drift Drift Mean age 

Feature (3°W) (93°W) (yr) (deg yr’) (yr) 
a 250 0 250 0.360 125 
B 700 500 200 0.450 600 
Y 1,150 900 250 0.360 1,025 
é 1,650 1,250 400 0.225 1,450 
E 3,000 2,200 800 0.112 2,600 
č 3,600 2,700 900 0.100 3,150 
n 4,000 3,600 400 0.225 3,800 
8 4,500 4,000 500 0.180 4,250 
l 5,200 4,600 600 0.150 4,900 
K 6,100 5,500 500 0.180 5,850 
À 7,300 6,700 600 0.150 7,000 
H 8,400 7,900 500 0.180 8,150 
v 10,100 9,400 800 0.124 9,750 
E 12,400* 10.500} 1900 0.047 11,450 
T 13,400* 12,6007 1800 0.112 13,000 
p 14,500* 


Ages are given in radiocarbon yr BP. 
* Lac de Joux not Windermere. t Kylen not St Croix. 


declination and inclination features with the calibrated Euopean 
records. Another inclination record extending from ~7,000 yr 
BP to ~25,000 yr BP (Fig. 2 goes to 17,000 yr BP) is provided by 
Black Sea core no.1474 (42°N 38°E) which was taken using a 
gravity piston corer. The time scale was constructed from seven 
radiocarbon age determinations’. Figure 2 thus shows the 
extent to which inclination secular variations can now be cor- 
related across Europe back to ~15,000 yr BP. 


North American post-Glacial 


and late-Glacial data 
Inclination secular variation records from Lakes St Croix and 
Kylen, Minnesota (46°N 267°E)*’ and the Thunder Bay part of 
Lake Superior (48°N 271°E)** are shown in Fig. 3. Charac- 
teristic features which correlate from site to site are labelled 
a-r, although at this stage we should not identify them with the 
apparently similar features observed along the European 
records. At Lake St Croix parallel cores of organic rich gyttja 
were taken in sections by making successive 1.5-m drives using a 
piston corer. The cores were dated with eight radiocarbon age 
determinations? as indicated along the inclination record 
shown in Fig. 3. Thus the dating control is quite tight. At Lake 
Kylen, cores were taken using the same technique and dated by 
four radiocarbon age determinations. Note that there is a very 
large error of +1,500 yr on the oldest age of 16,500 yr (ref. 22). 
Four cores were taken especially for palaecomagnetic study with 
an Alpine piston corer from Lake Superior”, The age of the 
base of the post-Glacial was taken as 9,500 yr BP (ref. 25). 
Because sedimentation occurred in the Thunder Bay part of 
Lake Superior back to at least 11,000 yr BP (refs 25, 26), this age 
was taken as the age of the base of the core. The post-Glacial 
sediments were dated by nine radiocarbon age determinations 
some of which were affected by ‘hard water’ and ‘old carbon’ 
effects for which it is difficult to make a precise correction. The 
four oldest ages shown in Fig. 3 were accepted without cor- 
rection and a ‘zero-error’ correction of 1,700 yr (following 
ref. 24) was applied to the three youngest ages. Thus this time 
scale is likely to be in error. 

Though the pattern of variations provided by St Croix/Kylen 
record is not very well formed, the dating control is good. If the 
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Table 2 Quasi-periodicity of UK (Lake Windermere) and North 
American (Lake St Croix) inclination S.V. 





Age Mean Drift 
Feature difference age rate 
labels (yr) (yr) (deg yr™') 
Lake Windermere 
any 900 700 0.514 
B-é 950 1,175 0.379 
yre 1,850 2,075 0.195 
8-0 2,850 3,075 0.126 
E~ 2;200 4,100 0.163 
-x 1,600 5,300 0.225 
tÀ 2,100 6,250 0.171 
K-u 2,300 7,250 0.156 
A-v 2,800 8,700 0.129 
u-&* 4,000 10,400 0.090 
vn" 3,300 11,750 0.109 
&-p* 2,100 13,450 0.171 
Lake St Croix 

a-y 900 450 0.400 
B-6 750 875 0.480 
y-€ 1,300 1,550 0.277 
5-0 2,750 2,625 0.131 
e~ 2,400 3,400 0.150 
-K 2,000 5,000 0.180 
tÀ 1,900 5,650 0.189 
K-u 1,900 6,950 0.189 
A-v 2,500 8,050 0.144 
H-E 2,600 9,200 0.138 
v-r 2,100 10,450 0.171 





All ages given in ‘raw’ radiocarbon years. 
* Uses Lac de Joux, not Windermere, data. 


ages of the labelled features obtained from this record are 
transferred to the rather well-formed Superior record a satis- 
factory inclination record for the Great Lakes region is 
obtained, the pattern of which is confirmed by recent results 
from Lake Huron”. 


Palaeowestward drift 


We now consider whether the various characteristic features of 
the European and North American data labelled in Figs 2 and 3 
can be correlated across the North Atlantic, remembering that 
the Greek labels were initially attached quite independently to 


both sets of records. In fact a rather striking overall similarity. 


between the patterns, especially for features e~€ will be noted. 

Considering the behaviour of the drifting part of the historic 
field shown in Fig. 1, it would seem reasonable to associate the 
observed palaeomagnetic inclination maxima and minima with 
the passage of the broad negative and positive regions of the 
non-dipole field beneath the respective sites. Thus one 
wavelength of the pattern of palaeomagnetic variations would 
be produced by each revolution of the westward drifting sources 
located in the outer core. Shorter wavelength variations would 
be caused by the more rapidly evolving structure within each 
broad negative and positive region and these should produce 
variations in the shape of the successive maxima and minima 
recorded at a given site and also some variation in the shape of 
any given labelled feature as it is recorded first in Europe and 
then later in North America. 

In principle, we should be able to measure the rate of drift in 
two ways. First, the time taken for 360° of drift of the whole 
non-dipole field pattern is given by the time between two 
successive maxima or minima along the palaeomagnetic records. 
Figure 4 compares rates of drift through the past 12,000 yr 
estimated in this way, independently for European data and 
North American data. Dates of the labelled characteristic 
features have been taken from the Windermere and St 
Croix/Kylen records which are the best dated for Europe and 
North America respectively (Tables 1 and 2). Beyond 9,000 yr 
BP, dates from the Lac de Joux and Black Sea records have been 
used for Europe. Features ¢ and ņ, originally identified along the 
UK records for local correlation purposes are not identified in 


this discussion with the major source mechanism and have been 
ignored for the present analysis. 

The above method does not give the sense of drift, but this can 
be checked as follows. Figures 2 and 3 and Table 1 show that 
each labelled feature is recorded later in North America than in 
Europe. This phase lag indicates that the sense of drift was 
westward and corresponds to the time taken for the centre of a 
positive or negative region of the non-dipole field to drift under 
the North Atlantic. There is a 90° longitude difference between 
the Lake Windermere and St Croix sites, Rates of drift esti- 
mated by the two methods are consistent with one another 
(Fig. 4 and Tables 1 and 2). 

It is difficult to estimate quantitative errors for the plotted 
drift rates. These will depend mainly on the accuracy of the 
calibration of the palaeomagnetic records, on uniformity of 
deposition rates between levels dated by radiocarbon and also 
the accuracy with which the centre of each particular feature 
may be identified. The overall average drift rate before 2,500 yr 
BP is estimated at 0.15 deg yr™’ (s.d. = 0.04), 0.16 deg yr” 
(s.d. = 0.02), 0.14 deg yr™! (s.d. = 0.05! respectively for the 
European, North American and phase difference data points of 
Fig. 4. 

Note that the characteristic times of the features a-e are 
shorter than those of features older than e. The sharp increase 
inferred for the drift rate since 2,500 yr BP (Fig, 4) results from 
the assumption that these shorter ‘period’ features originated 
from the same mechanism as the older features. The shorter 
phase differences observed across the Atlantic for features a—& 
(Table 1) is consistent with this assumption. Nevertheless, the 
possibility that higher degree terms dominated over the 
quadrupole term between historic times and ~2,500 BP needs 
to be considered. This is because, although the overall westward 
sense of drift is confirmed by essentially clockwise looping? of 
Bauer plots” of declination against inclination with advancing 
time for UK since ~7,000 yr BP (ref. 18) and for Lac de Joux 
since ~11,000 yr BP, a counter-clockwise loop occurs between 
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Fig. 3 Palaeomagnetic inclination logs for North American, sites. 

Time scale in uncalibrated radiocarbon years. Radiocarbon ages 

defining time scale for St Croix and Kylen records” and also for the 
Lake Superior“ record are shown. 
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Fig. 4 Inferred westward drift rates through the past 12,000 yr. 
All ages are uncalibrated radiocarbon ages. Dates of labelled 
inclination maxima and minima as given by the Windermere and St 
Croix plots of Figs 2 and 3 have been used back to 9,000 yr BP, 
thereafter by the Lac de Joux and Kylen plots. W, European data, 
@, North American data; @, phase difference. 


about 1,500 and 700 yr BP for UK data'* and also for the Greek 
data”. According to the Runcorn-Skiles rule* this counter- 
clockwise looping indicates eastward drifting geomagnetic 
sources during the time for which we have inferred fast westward 
drift. However, this rule breaks down under some circum- 
stances”. 


Magnitude of the non-dipole field 


In the Northern Hemisphere, the broad negative anomaly has 
gradually increased in strength from —8,000 to -12,000 nT 
while the positive anomaly has decreased from +12,000 to 
+8,000 nT through historic time (Fig. 1a). The magnitudes of 
these anomalies are too small by a factor of about 3 to account 
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Conclusions 
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The nus mutations affect transcription 
termination in Escherichia coli 
Douglas F. Ward & Max E. Gottesman 
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The nusAl and nusB5 mutations result in a partial suppression of polarity and thus transcription termination in Escherichia 
coli. As these mutations block the transcription antitermination activity of bacteriophage AN gene product, they 
paradoxically seem to enhance transcription termination at phage termination sites. The rho mutation HDF026 displays 
almost identical properties. These observations suggest that the nusA and nusB gene products may act as termination 


factors analgous to rho protein. 





TERMINATION of transcription serves a dual function in 
Escherichia coli—to keep each transcription unit, or operon, 
separate and isolated from its neighbours and to allow fine 
control of expression within the operon structure. The 
importance of ensuring the isolation of each operon is demon- 
strated by the interference with expression when transcription 
enters an operon from without, either in the sense-direction 
(refs 1, 2 and S. Adhya and M.E.G., in preparation) or in the 


opposing direction™*. The regulation of operon expression by 
transcription termination within an operon (‘attenuation’) has 
been described extensively in the irp (refs 5, 6) and his (ref. 7) 
operons. 

Premature transcription termination can occur as a result of 
mutations which introduce nonsense codons into structural 
genes (see ref. 8) thus exposing transcription termination sites 
which are not normally active. Such mutations are termed 
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Table 1 Effect of nus mutations on polarity in the gal operon 





Galactokinase activity relative to gal” parent 





32°C 42°C 
Expt gal nus’ nusAl nusBS nus* nusAl nusBS 
1 Tam76 0.15 0.20 0.20 0.33 
TN102 0.06 0.07 0.04 0.05 
EocB4 0.02 0.02 0.02 0,03 
2 Tam76 0.33 0.50 0.34 0.68 
TN102 0.05 0.09 0.06 0.12 





Values represent the ratio of galactokinase (galK) activity in strains 
carrying the indicated gal mutation, expressed relative to that in the 
isogeneic gal* parent. This normalization eliminates day-to-day varia- 
tions in the absolute enzyme activites. Activites in gal” strains varied 
from 12 to 29 units at 32 °C, and from 15 to 33 units at 42 °C. Results are 
the mean of at least two measurements and are accurate to 0.01 (or 
10%). As galK is distal to both galT and galE, the level of galac- 
tokinase serves as an indication of the polarity of mutations in either of 
these two genes. Steady-state galactokinase activity was determined in 
toluenized cell extracts” and corrected for cell density. Growth medium 
was L-broth containing 5 mM D-fucose as inducer of the gal operon. All 
strains are derived from E. coli K12 strain N4903 (ref. 33). Expt 1 uses a 
set of isogeneic nusA~ and nusA1 strains. Expt 2 uses isogeneic nusB* 
and nusBS strains. 


‘polar’, DNA insertions into operons usually cause severe 
polarity; they can introduce transcription as well as translation 
termination signals. 

Termination at many sites requires the action of the E. coli 
rho protein’; rho mutants display reduced or no polarity’®!". 
Mutations in rpoB have been, isolated'*'* which restore polarity 
in some rho mutant strains. Such allele specificity suggests that 
interaction between the RNA polymerase 8 subunit and rho 
occurs during transcription termination. 

Development of bacteriophage A is regulated at the level of 
transcription termination. Rho-dependent terminators are 
present beyond A genes N and cro, acting to limit transcription 
to these immediate-early genes. When N product is synthesized, 
however, these terminators are suppressed, and transcription 
can extend into the delayed-early gene region. As N product 
suppresses termination at both rho-dependent and rho- 
independent sites, it may act directly on the transcription 
termination process, rather than as a simple antagonist of rho"*. 

The possibility that pN might interact with RNA polymerase 
to prevent termination was suggested by the isolation of several 
mutations in the rpoB cistron which blocked pN activity", 
However, Greenblatt (personal communication) has failed to 
demonstrate binding of RNA polymerase to N protein in vitro; 
the putative interaction may occur via a nucleic acid or protein 
intermediary. A phage-specific DNA (or RNA) sequence, nut, 
located before the first terminator, is necessary for pN activity’’. 
The involvement of additional proteins in the antitermination 
reaction is suggested by the isolation of other host mutations 
which prevent N function. The nusA (ref. 20) and nusB (refs 21, 
22) mutations do not correspond to any component of RNA 
polymerase. The nusA gene product is apparently identical to 
protein factor ‘L’, which is required for optimal expression of 8 
galactosidase in a coupled transcription-translation system”. 
nusA protein complexes with pN in vitro”®; the product of the 
nusB gene has not been identified. 

Here we investigate the effect of the nusAl and nusBS 
mutations on host and phage physiology. We find that either 
mutation partially suppresses polarity in E. coli, suggesting that 
the nusA and nusB gene products may be transcription 
termination factors. 


Effect of nusA1 and nusBS on polarity 
in the gal operon 


Suppression of transcription termination by the bacteriophage 
AN gene product is dependent on several host genes. The host 





nusAl (ref. 20) and nusBS (refs 21, 22) mutations are defective 
for N action and restore transcription termination at sites on the 
phage chromosome. It seemed possible that the nus mutations 
might therefore promote termination in general, in the absence 
of N product, both on viral and bacterial DNA. To test this 
hypothesis, we measured the polarity of mutations in the gal 
operon in wild-type and mus mutant strains. As polarity 
produced by nonsense mutations, or DNA insertions, results 
from premature transcription termination, increased polarity 
would indicate a higher efficiency of termination. 

The galTam76 mutation reduces the expression of galK to 
about 0.15 relative to wild-type levels (Table 1, expt 1). Intro- 
duction of the nusA/ allele elevated the relative galactokinase 
activity to 0.20. This relief of polarity was slightly more marked 
at 42 °C; galactokinase levels increased from 0.20 to 0.33 in the 
nusAl strain. Recall that nusAJ totally blocks N activity and 
hence exerts its maximal termination effect at 42 °C. This result 
was contrary to expectation; the nusA 1 mutation restores tran- 
scription termination in A and it was therefore expected that 
nusA1 would increase polarity in E. coli. 

Suppression of polarity by nusA I was not observed when the 
strongly polar mutations galFocB4 and galTN102, an I$1 
insertion, were assayed (Table 1). 

The nusBS mutation, like nusA 1, restricts the growth of A at 
high temperature by enhancing termination at sites normally 
suppressed by the N product. As shown in Table 1 (expt 2), the 
nusBS mutation also relieves polarity in the gal operon. As was 
the case with nusA/1, the limited polarity suppression was 
observed at both 32 and 42°C. 

The nusBS mutation, unlike nusA 1, reduces the steady-state 
rate of galactokinase synthesis in gal” strains (from 41 to 26 
units at 32 °C; from 44 to 25 units at 42 °C). In view of the poor 
growth rate of strains carrying the nusBS mutation (data not 
shown), the expression of other bacterial operons, including 
some required for cell growth, may also be adversely affected by 
nusBS5, 


Interaction of nus and rho mutations 


The experiments presented above suggest that the nusA and 
nusB gene products promote transcription termination. To 
determine whether the nus products act independently of rho 
we investigated whether nusA would influence residual polarity 
in a rho-deficient strain. galP3 is an IS2 insertion in the galOP 
region”; it introduces a transcription terminator and is highly 
polar on the gal operon®. Table 2 shows that in the rho 12 galP3 
background, the nusAi mutation increased galactokinase 
activity by more than twofold—from 0.24 to 0,61 at 32 °C, and 
from 0.30 to 0.85 at 42°C. Expression of galK was similarly 
stimulated by nusAJ in a rho15 mutant. 

The nusAl mutation does not always enhance polarity 
suppression by rho mutations. Suppression of galTN102 
polarity by rhol12 is not markedly affected by the ausAl 
mutation (Table 2). 





Table 2 Suppression of polarity by rho and nusA mutations 





Galactokinase activity relative to gal” parent 


32°C 39°C 

gal rho nusA~  nusAl nusA”>  — nusAl 

P3 + 0.02 6.02 0.01 6.02 

P3 112 0.24 0.61 0.30 OBS 

P3 15 0.51 0.67 0.39 0.75 
TN102 + 0.05 0.07 0.02 6.03 
TN102 112 0.20 0.22 0.23 0.360 

+ 112 1.1 1.6 1.2 1.3 





Values represent the ratio of galactokinase activity in strains carrying 
the indicated gal, rhe and nus mutations expressed relative to the 
a + + x a? 3 a! t a 
isogeneic gal” rho” parent. Experimental details are as indicated for 
Table 1. 
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Table 3 rp attenuation in nusA1 mutants 





Tryptophan synthetase activity 


+ Attenuator ~ Attenuator Attenuation 
ratio 
(1) (2) (132) 
nusA” rho“ 11 64 .17 
nusAl rho” 14 56 .25 
nusA” rhol12 10 54 19 
nusAl rho112 10 51 20 





Tryptophan synthetase** activities are expressed as units per mg 
protein, where 1 unit is the amount of enzyme required to convert 
0.1 pmol indole in 20 min at 37°C. Growth media was M56 minimal 
medium” supplemented with glucose (0.2%), casamino acids (0.05%) 
and thiamine (1 wg ml™™), plus 100 ug ml”! tryptophan. All strains carry 
the pR” mutation. + Attenuator strains are tpED24 (ref. 36); 
~ attenuator strains are trpLD102 (ref. 36). The attenuation ratio is 
accurate to 10%, 


Attenuation in nusA1 mutant strains 


The apparent site-specificity of polarity suppression by nusA 1 
prompted us to examine transcription termination at the 
attenuator of the trp operon. Several rho mutations have been 
found to increase the expression of trp enzymes’*, suggesting a 
possible role of rho in trp attenuation. 

Two sets of strains carrying combinations of nusAl and 
rho112 were constructed. The first carried the m#pLD102 
deletion which removes the attenuator; the second carried 
irpED24, a deletion similar in size and extent to trpLD102 but 
which leaves the attenuator intact. trp expression was genetically 
derepressed by the introduction of a trpR mutation. 

The effects of rho and nusA1 mutations on attenuation were 
determined by assaying tryptophan synthetase, the product of 
the trpA and irpB genes (Table 3). Unlike other rho mutant 
alleles tested, rho112 does not significantly reduce trp operon 
attenuation. By itself, the nusAJ mutation does cause a 
significant, although small, suppression of trp attenuation. This 
effect was not apparent in the rho112 background. 


Interactions of nusA and rho mutations affect 
the growth of E. coli and A 


The rho15 and rhol12 mutants both fail to grow in rich media at 
temperatures above 39 °C. In view of the pleiotropic properties 
of these rho mutations, it has not been possible to ascribe this 
conditional lethality to failure of transcription termination and, 
in fact, thermoresistant survivors of rhol5 mutants in which 
polarity has not been restored have been isolated”’. 

It was surprising to observe that a rhol12 nusAl double 
mutant grew well at 40°C (Table 4). In contrast to a singly 
mutant strain, nusAl or rhol12, the nusAl rho112 double 
mutant fails to form colonies at 32 °C. Unlike nusA 1, the nusBS 
mutation neither suppresses the temperature sensitivity of 
rho112 mutants nor renders them cryosensitive. 

With respect to growth of A the rhol12 mutation is quite 
clearly epistatic to nusA1 or nusBS. At 37 °C the growth of Aci7 
is blocked by nusA 1 or nusBS,; phage growth is restored by the 
introduction of rho112 into the nus mutant strains (Table 4). In 
addition, the double mutant supports the growth of AN. Thus, 
the ability of the nus mutations to make a phage termination site 
resistant to N function is dependent on an active rho allele. 


Discussion 


We have presented evidence which implies that the nus muta- 
tions of E. coli have opposite effects in phage A and bacteria. In 
A, the products of the nus genes are required for the phage N 
function to act and therefore A fails to grow in nus mutant 
strains. As the role of N function is to prevent termination, the 
nus mutations can be considered to enhance transcription 
termination on ADNA. However, in E. coli, the polarity of 
certain mutations is partially suppressed by the nus mutations. 


As polarity is caused by premature termination of transcription, 
the nus mutations seem to reduce termination in E. coli. 

The degree of polarity suppression by nusAl and nusBS 
depends on the polar mutation tested. Partial suppression by 
nusAl occurs in the case of weakly polar gal mutations, but 
little or no relief of polarity is seen with more polar mutations in 
the gal operon such as ga/EocB4, IS1 or IS2 insertions. nusBS is 
more effective than nusAl in suppressing polarity and shows 
some relief of polarity caused by the IS1 insertion mutant, 
galTN102, particularly at 42 °C. The most marked effect of the 
nusA1 mutation on polarity is in conjunction with rho112, a rho 
mutation which has significant residual rho activity. Here, the 
nusAl and rho112 mutations act synergistically to suppress a 
highly polar IS2 insertion. 

The nusAl mutation produces a partial relief of attenuation 
in the trp operon. An apparent stimulation by nusA protein of 
the in vitro synthesis of RNA polymerase 8 and 8’ subunits has 
been interpreted as suggesting that nusA protein suppresses an 
attentuator that regulates 6’ expression’*?’*. We have not, 
however, observed any significant effect of the nusA1 mutation 
on the synthesis of these RNA polymerase subunits in vivo as 
judged by the incorporation of ‘*C-labelled amino acids and 
visualization of the proteins in SDS-polyacrylamide gels (data 
not presented). 

We have also tested for other interactions between the nus 
mutations and rho. With respect to phage growth, rho mutations 
are clearly epistatic to nusA1 or nusBS; Acj7, which fails to form 
plaques on nus” hosts, grows well on a rho” nusA1 or a rho™ 
nusBS double mutant. For bacterial growth, nusA {1 is epistatic 
to rho”; a rho™ mutant which fails to form a colony at 40 °C will 
do so when a nusA 1 mutation is introduced into the strain. The 
double mutant is, however, cryosensitive and does not survive at 
32 °C. Introduction of the nusBS allele into a rho~ mutant does 
not alter its growth pattern; it remains thermosensitive and 
cryoresistant. 

The thermosensitivity of rho” strains is not well understood. 
The rho15 and rho112 mutant proteins are thermolabile in vitro. 
Yet the isolation of secondary mutations which suppress the 
thermosensitivity of the rho mutants, without restoring polarity 
(at least to those sites tested), suggests that failure of tran- 
scription termination may not be the lethal event (ref. 29 and 
A. Das, personal communication). Furthermore, the wide range 
of defects in the rho” mutants—abnormalities in DNA 
synthesis, in recombination and in oxidative phosphorylation— 
presents several potential causes for thermosensitivity. The 
observation that the nusAZ mutation suppresses the thermo- 
sensitivity of rho” mutants in addition to enhancing suppression 
of certain polar mutations is not inconsistent with the above 
analysis. We can imagine that nusAJ affects the pleiotropic 
character which is responsible for cell death at 40°C by a 
mechanism unrelated to transcription termination. Alter- 
natively, the nusA gene protein may act at some bacterial 
terminators, vital for cell growth, as it does at A terminators, by 
stimulating transcription termination. 

The rho mutant, rho HDFO026, has been characterized and 
seems to be phenotypically very similar to nusA1 and nusB5— 
polarity suppression is partial and the activity of the AN function 
is reduced’’). The similarity between these mutants is consistent 
with the idea that nusA and nusB, like rho, are transcription 
termination factors. 





Table 4 Interactions of rho, nusAl and nusBS mutations 





Cell growth Phage plating 


rho nus 32°C 42°C Aning = Acy7 AN” 
+ + + + + + ~ 
+ Al + + + - - 
+ B5 + + + ~ ~ 
112 + + ~ + + + 
112 Al - + + + + 
112 B5 + - + + + 
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In an accompanying article?, Greenblatt et al. present evi- 
dence that nusA protein acts in vitro as a site-specific tran- 
scription termination factor. His results are consistent with our 
in vivo experiments which indicate that the nusAÍ mutation 
partially relieves polarity in the gal operon. The incomplete 
relief of polarity by nusA1 is best explained by assuming that 
nusA1 protein retains considerable termination activity. The 
paucity of nusA mutants suggests that nusA may have a vital 
function. AN protein interacts with nusA protein in vitro”, and 
presumably in vivo, to antagonize nusA termination function. It 
is possible that the nusA1 mutation primarily affects the ability 
of nusA protein to interact with N rather than affecting its 
transcription termination activity. 

The inhibition of A growth by nusA1 is overcome by intro- 
ducing a mutation in the rho gene, indicating that transcription 
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termination caused by nusA/ must be occurring at rho-depen- 
dent sites. We cannot eliminate the possibility that other 
terminators may exist which are dependent solely on nusA 
protein. 

We will be presenting elsewhere evidence that the nusA and 
nusB gene products interact. It is not unreasonable, therefore, 
that the nusAI and nusBS mutants should have a similar 
phenotype. 

Further investigation of the role of nusA and nusB proteins in 
bacterial and phage metabolism requires the isolation of addi- 
tional nus mutations, of secondary mutations which suppress the 
Nus” phenotype and of reproduction of aus protein action in 
vitro. This work is in progress. 
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gene protein of Escherichia coli 
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The nusA gene protein of Escherichia coli and N gene protein of bacteriophage A interact in vitro and ceaperate in vivo to 
prevent transcription termination. In vitro the nusA gene protein causes RNA polymerase to pause in the tz terminator 
region of à DNA. A completed termination event at trz requires both the nusA gene protein and the previously described E. 
coli termination factor rho. The nusA gene protein is therefore both a transcription termination factor and a protein which 


couples antitermination factors to the elongating transcription complex. 





BEYOND the ends of the first genes N and cro of the P, and Pr 
early operons of bacteriophage A are the transcription termina- 
tion sites tı and ta, (see Fig. 1). Termination of transcription 
occurs at these sites in vitro or in vivo only in the presence of the 
transcription termination factor rho'™, In an infection of rapidly 
growing Escherichia coli bacteria by phage A the E. coli RNA 
polymerase is able to transcribe A genes distal to the N and cro 
genes because the product of the N gene of the phage prevents 
termination of transcription at ty, and tr, (refs 2-11). The N 
gene protein also prevents termination of transcription at other 
more distal termination sites in both of the early operons*'?"™*. 
Itis thought that N protein recognizes particular sites, called nut 
sites, in the nucleic acid of the A early operons™'* and somehow 
modifies RNA polymerase molecules at these sites so that they 
will resist termination of transcription at most termination 
sites'°?°, 

Friedman and Georgopoulos and their co-workers (and 
others) have isolated E. coli mutants in which phage A cannot 
grow because its N gene protein cannot prevent transcription 


termination’’*. One such mutation is the nus Al mutation at 
68 min on the standard E. coli map, which blocks A growth at 
42°C, but not at 30°C (refs 21, 25). The nusAJ mutant protein 
does not inactivate N protein because the nusA” allele is 
dominant to the nusAI allele”. This suggests that the nusA 
protein is involved in preventing termination of the transcription 
of A DNA. That a phage A N gene mutant, aNpunA, grows on 
nusAl1 bacteria at 42°C (ref. 26) suggests that the nusA gene 
protein might interact directly with the N gene protein. 
Recently, the nusA gene protein has been identified as a 69,000- 
dalton acidic protein which binds directly to N protein”. 

The nusA gene protein is identical to L factor™, a protein 
which was purified as an activity necessary for DNA-dependent 
B- galactosidase synthesis in vitro’. L factor also stimulates the 
DNA-dependent synthesis in vitro of the 8 and 8’ subunits of £. 
coli RNA polymerase*’. These observations can perhaps be 
rationalized by noting that there is a rho-sensitive transcription 
termination site in the middle of the lacZ gene” and a probable 
transcriptional attenuator proximal to the rroB gene”. These 
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results suggest that the nusA gene protein may have a role in_ 


overcoming transcription termination at bacterial terminators. 

We have now examined the effects of wild-type and mutant 
nusA gene proteins on the transcription in vitro of A DNA by E. 
coli RNA polymerase. Our results show that the nusA gene 
protein can act to terminate the transcription of the Pr operon of 
A. Other experiments, to be published elsewhere*’, demonstrate 
that the nusA protein binds specifically, directly and with equi- 
molar stoichiometry to the transcribing form (core enzyme) of 
RNA polymerase. The nusA gene protein is therefore both a 
termination factor for RNA synthesis and a protein which can 
couple transcription antitermination factors, such as the A N 
protein, to the transcription complex. 


Inhibition of transcription in vitro by the 
nusA gene protein 


In our first preparations of the nusA gene protein we followed 
the L factor purification scheme of Kung et al.** and pooled 
those fractions containing a protein with the same SDS-poly- 
acrylamide gel mobility and isoelectric point as a radiolabelled 
nusA gene protein standard”. We then noted that preparations 
of the nusA gene protein at least 90% pure contain an activity 
‘that inhibits the transcription in vitro of A DNA by pure E. coli 
RNA polymerase (Fig. 2). The dose-response curve is similar to 
that produced by rho factor’ in that the inhibition never 
becomes greater than about 50% even at very high concen- 
trations of nusA protein (Fig. 2). Moreover, as the nusA gene 
protein does not inhibit transcription in reactions carried out in 
the presence of rho factor (Fig. 2), our results suggested that the 
nusA gene protein might be acting to terminate the transcription 
of A DNA at a site or sites located either at or distal to the 
rho-sensitive termimnators. 

A consideration of the genetic evidence dealing with the nusA 
gene?’ and of the biochemical data on L factor™™* suggested 
that the nusA gene protein was involved in preventing the 
termination of transcription (see above). The idea that it might 
be causing the termination of transcription was therefore 
sufficiently unexpected for us to seek convincing evidence that 
the apparent termination activity present in our purified nusA 
protein was indeed a property of the nusA protein itself and not 
of a contaminant present in the preparation. 


Purification of wild-type and mutant nusA 
gene proteins 


Figure 3a,c,e demonstrates that an activity which inhibits A 
transcription in vitro has the same chromatographic behaviour 
as the nusA protein on DEAE-cellulose (Fig. 3a) and hydr- 
oxylapatite (Fig. 3c) and the same sedimentation velocity as the 
nusA protein during centrifugation in a glycerol density gradient 
(Fig. 3e). In the purification scheme illustrated in Fig. 3 we 
modified the L factor purification procedure of Kung et al.” by 
using a buffer of higher ionic strength during the high speed 
centrifugation step and by replacing their gel filtration column 
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Fig. 1 Partial genetic and transcriptional map of bacteriophage A. 
The sizes of the Pp-ta,; and PR-tg transcripts have been deter- 
mined by sequencing**~* and the indicated sizes, in daltons, of the 
other transcripts estimated by electrophoresis” * For simplicity, 
the known A transcripts beginning at prm, pre, Po and P; have been 
omitted from the diagram. nins is a deletion and imm” is a 
deletion-substitution. 


tri 


RNA synthesis (c.p.m. x 107) 





nus A protein (ug) 


Fig. 2 Effect of the nusA protein on total A transcription in the 
absence and in the presence of rho factor. Each reaction contained, 
in a total volume of 50 wl, 20 mM Tris-HCI, pH 7.9, 80 mM KCl, 
5mM MgCl, 1 mM dithiothreitol, 100 uM EDTA, 200 uM each 
of ATP, CTP and GTP, 50 pM °H-UTP at 16,000 c.p.m. per nmol 
2 wg A CIgs787 DNA, 1 wg E. coli RNA polymerase holoenzyme*®, 
the indicated amount of nusA protein, and either no rho factor (@) 
or 50 ng rho factor (©). Incubation was for 30 min at 37°C and 
3H-UTP incorporated into RN A, was determined using DE81 
filters. 


with a hydroxylapatite column. In our hands, at least, the result 
is a higher yield of nusA protein with a greater degree of purity. 
The fact that an activity that inhibits transcription of A DNA in 
vitro co-purifies with the nusA protein is consistent with the idea 
that such an activity is indeed a property of the nusA protein. 

To establish this point more securely we purified the nusA 
protein from two strains, nusAI (ref. 21) and groN785 (ref. 22), 
that each has a nusA protein with a modified isoelectric point”. 
We were able to do so because the nusA mutation in groN785 
seems to be a silent mutation?” and because the nusA1 mutation 
is a conditional defect that is very weak at low temperature”’. 
Presumably as a result of the charge change or a configurational 
change introduced by the mutation, each of the mutant nusA 
proteins behaves somewhat differently from the wild-type pro- 
tein during chromatography on DEAE-cellulose and hydr- 
oxylapatite. The entire purification of the nusA protein from the 
groN7835 strain is illustrated in Fig. 3b,d. Both mutant proteins 
elute later than the wild-type protein from columns of both 
DEAE-cellulose and hydroxylapatite. 

Our purification scheme leads to a high degree of purity 
(>90%) for the wild-type nusA protein (Fig. 3e) and for both 
mutant nusA proteins (see Fig. 3d for nusA785). All three 
proteins preserve their isoelectric homogeneity throughout the 
purification (not shown). Most importantly, both the mutant 
nusA 785 protein (Fig. 36,d) and the mutant nusA 1 protein (not 
shown) co-purify with an activity that inhibits A transcription in 
vitro, just as does the wild-type protein (Fig. 3a,c,e). As the 
behaviours during purification of the three allelic proteins are 
non-identical, the ability to inhibit transcription of A DNA in 
vitro is therefore a genuine property of the nusA gene protein. 


Termination of A transcription in vitro at tr2 
by the nusA gene protein 


We have used gel electrophoresis to examine the effect of the 
nusA gene protein on A transcripts made in vitro in the presence 
of [«-**P]JUTP. We chose an electrophoresis system used by 
Roberts™ to analyse A transcripts made in reactions containing 
RNA polymerase and no additional factors. Roberts noted that 
most RNA polymerase molecules transcribing the Pr operon 
synthesize a large 2.3 x 10°-dalton transcript (see Figs 1, 4a). 
His mapping data suggested that this long transcript was prob- 
ably co-terminal, at tk, with the short 6x 10* dalton RNA 
transcribed in vitro from the late promoter Pa (Figs 1, 4a). 
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Fig. 3 Purification of the nusA protein from 180 g of either the nus* strain SKB17822 or the 
groN785 mutant?”?, The first part of the purification was as described by Kung et al.” except that 








an 
the initial buffer used to suspend the ground cells contained, in addition, 0.3 M KCI. Instead of 2 
dialysing them, the high speed supernatant fractions were diluted with four volumes of water x 
before they were loaded on the first DEAE-cellulose columns. The elution profiles from the second g 
(1x20 cm) DEAE-cellulose columns of nusA protein from SKB178 (a) and groN785 (b) E. coli 6 16 A 
are shown, The nusA proteins were identified by comparison with radiolabelled nusA protein 2 a 
standards”. The effect of 1 ul of various column fraction on total A transcription in vitro was x 12 fey 
determined as described in Fig. 2 legend. Aliquots (10 ul) of various fractions were analysed by 1 3 
electrophoresis on a 13.5% polyacrylamide gel in the presence of SDS, The nusA*, nusA785 | ka 
and nusA 1 proteins elute from the identical DES2 column at 0.53 M, 0.58 M and 0.56 M NaCl, id 8 R 
respectively. The pooled DEAE fractions were dialysed against 1 mM potassium phosphate, pH 0.2 
7.0, 1 mM EDTA, 10 mM 2-mercaptoethanol and 5% glycerol and loaded on to a 0.8 x12 cm 4) 
hydroxylapatite column. The column was developed with a 100 ml linear gradient to 100 mM | 
potassium phosphate and 0.5-u] aliquots of various fractions were tested for their effect on RNA 0.1 0 j 
synthesis. The nusA™ protein (c) and the nusA785 protein (d) were located by electrophoresis of 
10 jl aliquots of the various fractions. The nusA*, nusA785 and nusAl proteins elute from the 
identical hydroxylapatite column at 50 mM, 66 mM and 62 mM potassium phosphate, respec- 3 7 ii is is 
tively. The wild-type musA protein was precipitated with ammonium sulphate at 50% saturation 
and then further purified by centrifugation for 42 h at 40,000 r.p.m. in a Beckman SW 40 rotor through a 10-30% (W/V) glycerol gradient 
containing 10 mM potassium phosphate, pH 7.0, 100 mM NaCl, 1 mM EDTA and 10 mM 2-mercaptoethanol (¢). 1-yl Aliquots of gradient 
fractions were tested in transcription reactions and 5-\l aliquots were analysed by electrophoresis. The nusA gene protein sediments at 4.28, The 
yields of the wild-type and groN785 nusA proteins were, respectively, about 2 mg and 4 mg per 200 g wet weight of E. coli. Each was more than 
90% pure, as was the nusA 1 protein, purified in a similar manner (not shown). 
Some of the RNA polymerase molecules transcribing the Pr 1-2 min at tgz; ultimately, all of them synthesize a large 2.3 x 
operon seem to stop at a site trz located about midway between 10°-dalton RNA. 
tr and the rho-dependent terminator tg, (ref. 34 and Fig. 1). The The effect of the nusA gene protein on A transcription in vitro 
size of the resulting transcript is 1.0 x 10° daltons (Fig. 4a). The is shown in Fig. 4b. It eliminates the long Pa~t, transcript and 
tr2-terminated transcript is easily identified as the one which is leaves the shorter Pp-ta, transcript. As shown in Fig. 4i, it does 
eliminated by the nins deletion (Fig. 4h), which deletes at least not eliminate the Pp-ta transcript when Anins, a template which 
one Pr operon terminator in vivo”, The Pp operon transcript lacks tao, is transcribed. Thus, the major effect of the nusA gene 
made from the Anins template is the PrR-tå transcript shortened protein that can be observed by gel electrophoresis is to enhance 
to 1.6 10° daltons by the length of the nins deletion. Experi- the efficiency to apparent transcription termination at tgz. 
ments in which rifampicin was used to synchronize initiation of The molar yield of the Pg-tr2 transcript made in the presence 
transcription and then gel electrophoresis to monitor the of the nusA protein is somewhat less than expected based 


kinetics of RNA chain elongation (not shown) have indicated entirely on a termination model (that is, [Petr] in the presence 
that the RNA polymerase molecules pause for an average of of nusA <[Pp~ta2]+[Pr-ta] in the absence of nusA). This is 
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because RNA polymerase molecules arrive nonsynchronously 
at trz, because the nusA protein increases the transit time for 
RNA polymerase from Ppr to trz by about 50%, and because the 
nusA protein decreases the rate of RNA chain initiation by 
about 20% (J. G., unpublished data). These other effects of the 
nusA protein on A transcription in vitro can be accounted for by 
the tight association of the nusA protein with core RNA poly- 
merase at sites other than terminator sites? and by competition 
between the nusA protein and the RNA polymerase ø subunit 
for binding to core RNA polymerase”. The experiment of Fig. 2 
suggests that the effect of the nusA protein on transcription 
initiation is, in any case, only minor. 

Figure 4e demonstrates that the nusA gene protein is a 
termination factor that, to be effective, must be present during 
the transcription reaction. When transcription is carried out in 
the absence of the nusA gene protein, subsequent incubation in 
the presence of the nusA gene protein and the transcriptional 
inhibitor streptolydigin does not result in the conversion of the 
P,-tp transcript to the shorter Pr-trz transcript. Therefore, the 
nusA gene protein is not a ribonuclease that processes the Pr-te 
transcript to produce a shortened derivative. Kinetic experi- 
ments (not shown) have indicated that the nusA protein does not 
cause irreversible chain termination at trz, but instead causes 
RNA polymerase to pause for 10-15 min at several closely 
linked sites in the ta region. Irreversible termination at tr2 
requires both the nusA protein and a low concentration of rho 
factor (3g ml’, a concentration which does not cause 
termination at tg: in the absence of the nusA protein). 

In the absence of the nusA protein and rho factor, RNA 
polymerase synthesizes a 6 x 10° dalton transcript from the P, 
operon, terminating at t,2 (ref. 34 and Figs 1, 4a). Kinetic 
experiments have indicated that the event at t,2 is a pause of very 
long, but not indefinite, duration (about 10 min) which is not 
affected by the nusA protein. Hybridization of A RNA 
synthesized in vitro to various fragments of A DNA (J. G., 
unpublished data) confirmed that the nusA protein inhibits the 
synthesis of distal RNA from the Pg operon, but has little effect 
on the synthesis of distal RNA from the P, operon (unlike rho, 
which inhibits both). This suggests that, at least in vitro, the nusA 
protein acts as a strong termination factor for the Pr operon, but 
not for the P, operon. 

Other large A RNAs are made in the absence of the nusA 
gene protein and not in its presence (see Fig. 4), and are 
particularly evident when the nin; deletion moves the long 
tr-terminated transcript lower in the gel (Fig. 4h, i). Experi- 
ments with Aimm?' DNA (Fig. 4f, g) suggest that some of them 
come from the immunity region, but they have not been studied 
in any greater detail. 


Termination of transcription in vitro at tr2 


by mutant nusA gene proteins 

To show that termination at tg, is caused by the nusA gene 
protein and not by a contaminant present in our preparation, we 
carried out similar experiments with nusA protein derived from 
the groN785 and nusA1 strains*’*??’. Thus, nusA785 protein 
(Fig. 41) is just as effective as the nusA™~ protein (Fig. 4k) in 
terminating transcription at tgz, as is consistent with the lack of 
phenotype conferred on A or E. coli growth by the nusA785 
mutation”, In fact, the nusA785 protein is just as effective as 
the nusA* protein at ta. even when the mutant RNA poly- 
merase of the groN785 strain??? is used in the experiment (Fig. 
4m-o). As the nusA785 protein behaves differently during 
purification from the nusA* protein (it elutes later from both 
DEAE cellulose and hydroxylapatite; see Fig. 3), it must be the 
nusA gene protein itself that causes termination at trz. 

The mutant nusA 1 protein does behave differently from the 
wild-type protein (Fig. 5). It is able to cause termination at trz, 
but does so with a specific activity several-fold lower than 
normal. This is true even in reactions carried out at 30 °C and the 
effect is only slightly accentuated in reactions carried out at 
higher temperatures. The lack of a strong temperature effect on 
nusAl termination activity in vitro is not unexpected: in vivo 


experiments have suggested that the nusA1 mutant protein is 
only temperature sensitive for antitermination’'’, not for 
termination. The low specific activity of the nusA 1 protein is not 
a consequence of its having been almost totally denatured 
during purification because the pure nusAi protein is fully 
capable of binding to A N gene protein and to RNA polymerase 
(J. G, and Joyce Li, unpublished data). It seems likely that the 
reduced activity of the nusA/ mutant protein is adequate or 
almost adequate in vivo for terminating transcription (see 
accompanying article®’), but inadequate for coupling the N gene 
antitermination protein to the transcription complex. The fact 
that the nusA/ protein has an altered ta, termination activity 
provides additional evidence that it is really the nusA gene 
protein that causes termination at tgz. 


Termination of transcription in vitro at tr2 
by a mutant RNA polymerase 


The experiment shown in Fig. 4p-s suggests that the termination 
effect of the nusA protein in vitro represents a real physiological 
phenomenon, and is not simply an artefact of our conditions for 
transcription in vitro. We purified RNA polymerase from an E. 
coli strain isolated by Lecocq and Dambly™ which has a muta- 
tion, rif501, conferring resistance to rifampicin in the 8 subunit 
of its RNA polymerase. One of the properties of this strain is its 
ability to support A growth at high temperature in the absence of 
a functional N gene protein*®. The experiments of Lecocq and 
Dambly”® suggest that the rif501 RNA polymerase is resistant in 
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Fig. 4 Electrophoretic analysis of A transcripts made in vitro. 
Transcription reactions were carried out as described in Fig. 2 
legend except that they contained [a- 7 P]UTP at 200 aCi per 
pmol instead of 3H-UTP. Reactions contained the indicated 
DNAs and, where indicated, 0.5 yg nusA protein. Reactions were 
stopped with 100 ul of 9M urea, 1% SDS and aliquots were 
electrophoresed on a slab gel containing 0.5% agarose, 2.5% 
polyacrylamide and 0.1% SDS**. a, A DNA; b, A DNA, nusA* 
protein; c, A DNA; d, Aà DNA, nusA” protein; e, A DNA, reaction 
stopped with 10 pg ml”? streptolydigin and incubated for another 
30 min in the presence of nusA” protein; f, Aimm?! DNA; g, 
Aimm?' DNA, nusA® protein; h, Aning DNA; i, Anings DNA, 
nusA* protein; j A DNA; k, A DNA, nusA™ protein, |, A DNA, 
nusA785 protein; m, n, o, same as j, k, / except RNA polymerase 
from the groN785 strain’® instead of wild-type RNA polymerase, 
p, A DNA, q, à DNA, nus“ protein; r, s, same as p, q except that 
the core component ' of the RNA polymerase was from the rif501 
mutant”? instead of from wild-type E. coli. 
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Fig. § Comparison of the effects of wild-type nusA protein and 
the nusAI mutant protein on A transcription in vitro. Reactions 
containing the indicated concentrations of the nusA” protein (@) 
or the nusAl protein (O) were carried out and the products 
analysed as in Fig. 4. The high molecular weight regions of the gel 
tracks were cut out and counted and the results expressed as a 
percentage of the counts obtained in tracks of reactions containing 
no added nusA protein. 


vivo to termination at terminators of the Pr operon of A, but 
terminates normally at the terminators of the P, operon of A. As 
the nusA gene protein is active in vitro on the transcription of 
the Pr operon, but not on the P, operon, it seemed likely that the 
rif501 RNA polymerase was resistant to the nusA protein. As 
shown in Fig. 4r, s the rif501 RNA polymerase does not respond 
in vitro at tgz to the presence of the nusA protein. It also has a 
shorter pause at tr: than wild-type RNA polymerase in the 
absence of the nusA protein (Fig. 4p,r), but does respond 
normally at ta, to rho factor (not shown). As the in vitro binding 
of the nusA protein to the rif501 RNA polymerase seems to be 
normal, the polymerase may be unable to recognize nusA- 
dependent terminators. These results imply that, at least at high 
temperatures, the nusA gene protein is an important phy- 
siological block to Pp operon expression and A growth; they also 
imply that transcription termination in vitro by the nusA gene 
protein is an in vitro reflection of a phenomenon that occurs in 
vivo. Additional support for the concept that the nusA protein 
causes transcription termination in vivo is found in the accom- 
panying article”. 


Discussion 


We have shown that the nusA protein of E. coli causes RNA 
polymerase to pause at a site trz in the Pp operon of phage A. 
Final termination and release of the RNA chain at tgz requires a 
low concentration of rho factor (a rho factor concentration that 
is ineffective in the absence of the nusA protein) in addition to 
the nusA protein. 

How, then, can we reconcile the action of the nusA gene 
protein as a termination factor for RNA synthesis with the 
demonstration by Friedman”' that nusA is required to prevent 
the termination of A early operon transcription and with the 
observations of Weissbach and his collaborators that nusA is 
required for the in vitro expression of the genes for B-galac- 
tosidase”’ and the B and 8' subunits of RNA polymerase”? We 
think that there are two major possible explanations. 

The first relies on our observation, to be published elsewhere, 
that the nusA gene protein behaves as an RNA polymerase 
subunit in causing the termination of transcription. It could, 
then, alter the entire termination specificity of the enzyme so 





that, although it enables the enzyme to recognize a new setot 
termination sites, it also enables the enzyme to ignore another 
set of termination sites that it would otherwise recognize. In 
accordance with this principal, it might cause RNA polymerase 
to read through the rho-dependent terminator in lacZ (ref. 31) 
and the attenuator in front of rpoB (ref. 32) even though it 
causes RNA polymerase to stop at trz in the Pa operon of A. 

If this idea is correct, it is clearly necessary to repeat, in the 
presence of the nusA gene protein, all the studies done in vitro 
on the effects of rho factor on the transcription of various 
operons. For example, an interesting anomaly is posed by 
studies on the attenuator of the mp operon of E. coli, Termina- 
tion at trpA is efficient in vitro in the absence of added factors” 
even though genetic studies have suggested that rho factor is 
involved in termination at trpA in vivo“. It is also particularly 
interesting to speculate that the insertion element IS1 may 
possess nusA-dependent terminators because it has no rho- 
dependent or factor-independent terminators in vitro” and yet 
is polar in both orientations in vivo**. In fact, it is already known 
that the nusA protein weakens rho-dependent termination at.a 
terminator in the early region of bacteriophage T7 DNA (M. 
Chamberlin, personal communication) and that the nusA pro- 
tein strengthens rho-dependent termination at one site and 
weakens it at other sites at the end of the trp operon of E, coli (T. 
Platt, personal communication). 

A second intriguing possibility, by no means incompatible 
with the above, is suggested by our observation that the N gene 
transcription antitermination protein of bacteriophage A binds 
directly to the nusA gene protein”. This fact suggests how the 
nusA gene protein can be necessary for preventing transcription 
termination at many sites, including tra» even though it is a 
termination factor. We imagine that the A N protein interacts 
with the RNA polymerase at a nut site by binding to the nusA 
gene RNA polymerase subunit. A subtle modification of the 
nusA protein, such as that introduced by the nusAI mutation, 
might block proper binding of the N gene protein without 
significantly interfering with the ability of the modified nusA 
protein to cause transcription termination. The nusAl mutant 
protein, which blocks A growth in vivo, does indeed have 
termination factor activity in vitro, We expect that an inactive 
nusA gene protein would allow AN” phage to grow and might 
very well be lethal for the host: these are the properties of a 
strain carrying the rifS01 RNA polymerase, an RNA poly- 
merase which is resistant to the nusA protein in vitro. 

We can also imagine that E. coli might possess operon-specific 
regulatory proteins, analogous to the N gene protein of A, that 
bind to the nusA gene protein and alter the termination site 
recognition properties of the RNA polymerase when it is tran- 
scribing particular operons. In the case of the iac operon, such a 
regulator might enable RNA polymerase te read through the 
rho-dependent terminator in the lacZ gene and still terminate 
transcription at the end of the lac operon. Such a regulator, if it 
exists, would probably have been present in the crude E. cali 
extract used in the original L factor assay of the nusA protein”’. 
There is no strong genetic evidence for the existence of such a 
regulator, but some experiments**** suggest that CAP, the 3’, 
5'-cyclic AMP-binding protein of E. coli, could have such a role, 
Of course, the existence of such a regulator would not be 
necessary if the nusA gene protein can by itself prevent tran- 
scription termination at the rho site in the lacZ gene, 
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There have been several comprehensive optical and low- 
frequency radio surveys of flare stars’? but much less attention 
has been directed to the microwave emission from such stars. 
Slee and Page’ claimed to have detected one short 5-GHz flare 
from Proxima Centauri, and several weak, short 5-GHz bursts 
were reported from YZ CMi (ref. 4) and Proxima Centauri (refs 
5, 6) during simultaneous X-ray, optical and microwave obser- 
vations. We describe here the most convincing detection (70) 
yet made of a microwave flare during simultaneous optical and 
5-GHz observations of the dMe 4.5 flare star AT Mic on 25 
October 1980. This event was notable for its long duration and 
the good temporal. correlation between the optical and 
microwave intensities. Unless the dimensions of the source are 
very much larger than those observed for solar flares, the 5-GHz 
source has too great a brightness temperature to be produced by 
the gyrosynchrotron mechanism usually invoked for solar 
microwave bursts. Much higher energy particles or a coherent 
emission mechanism must be involved in the stellar microwave 
flare. The observed correlation between the optical and 
microwave fluxes from this flare support the theories in which 
non-thermal electrons are responsible for both emissions. 

The optical monitoring of AT Mic was conducted using the 
26-inch Yale Columbia refractor at the Mount Stromlo Obser- 
vatory. A series of 1-min exposures on blue sensitive [laO plates 
were taken at intervals of ~5 min. No filter was used, but the 
response of the emulsion coupled with the UV cutoff of the 
telescope gives a good approximation to a photoelectric B 
magnitude. Images of AT Mic on the plates were measured with 
an iris photometer, and the resulting intensity data were 
normalized relative to a set of comparison stars. 

The observing method used in 5-GHz flare observations at 
Parkes has been described in detail elsewhere’. In the 5-GHz 
observations high stability against receiver gain fluctuations and 
thermal emission from passing clouds was achieved by using the 
equipment in the ‘beam wagging’ mode. A dual feed at the focus 


of the 64-m reflector produces two beams which are alternately 
placed on and off the flare star, a beam switch and synchronous 
detector being used to extract the difference signal at 39-Hz 
between the two beams. A complete integration cycle lasts for 
1.7 min, with the driving of the telescope, sampling of the data 
and analysis of the difference signal being controlled by a 
computer. The r.m.s. fluctuation level for the integrations is 
2.8 mJy. 

Figure 1 shows the 5-GHz and optical results for the flare on 
AT Mic on 25 October 1980. Clearly the microwave emission 
rose rapidly in less than one integration cycle of 1.7-min dura- 
tion and thereafter declined slowly over the next 60 min. The 
base level shown dashed in Fig. 1 was obtained by fitting a 
straight line to the data taken during an identical observation on 
the previous evening. The slope evident on this base line is 
caused by the slow rotation of the aerial pattern on the sky, 
resulting in small changes in the contributions of confusing 
sources and ground radiation to the on-source and off-source 
beam configurations. Some secondary intensity changes may be 
present on the declining side of the microwave burst but their 
significance is difficult to assess in view of the relatively high 
noise level. 

The optical exposures give a light curve of similar shape with a 
peak flare increase corresponding to 0.5-1.0 mag; in view of the 
significantly higher integration cycle time of ~5 min (as opposed 
to 1.7 min for the 5-GHz observation), it is difficult to decide 
whether or not the microwave and optical flares started simul- 
taneously. The peak optical flux is probably considerably 
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Fig.1 The optical and 5-GHz light curves for the flare on AT Mic 
on 25 October 1980. Curve a shows a measure of the density of the 
photographic images, which were exposed for durations of 60s at 
intervals of ~5 min. The peak of the e optical curve corresponds to a 
flare luminosity of ~5x 10°° ergs”. Curve b shows the 5-GHz 
flux densities, which are averaged over 60 s and taken at intervals 
of 1.7 min. The dashed baseline was obtained by averaging data 
taken during an identical observation on the previous evening. The 
r.m.s. fluctuation in the base line is 2.8 mJy. 
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brighter than shown in Fig. 1 and occurred near the time of the 
peak 5-GHz flux density. 

The photographic measurements enabled the two stellar 
components of the AT Mic system to be resolved and thus 
simultaneously monitored. The two stars, separated by ~4 arcs, 
are both believed to be flare-active*, Our data unambiguously 
show that the 25 October flare originated from the southern 
component of the pair. 

There have been previous attempts to observe stellar flares 
simultaneously at various combinations of X-ray, optical and 
radio wavelengths'**’, In fact, only a few flares have been 
detected simultaneously in more than one of these wavelength 
ranges. The most striking features of the flare reported here, as 
compared with the earlier results, are the very long duration and 
the close correlation between the microwave and optical time 
profiles. 

The 5-GHz flare exhibits a temporal variation similar to that 
observed in very large solar microwave bursts; for these 
comparatively rare events the well-known, short-lived 
impulsive phase is followed by a very much extended second 
phase which typically lasts for ~30 min (ref. 8). Both the 
impulsive and extended phase of solar microwave bursts are 
closely associated with hard X-ray emissions”’° and the same 
population of electrons probably produces both the hard X rays 
and microwaves'''*. The electrons responsible for the extended 
phase are generally harder and probably higher in the corona 
than those generating the impulsive bursts*">, 

It is interesting to consider whether the observed stellar burst 
can be produced by the synchrotron mechanism which is 
believed responsible for the solar microwave emissions. In the 
latter case the synchrotron emission can account for the ob- 
served brightness temperatures of up to ~10° K. In the case of 
AT Mic (assuming a distance of 8.2 pc and a stellar radius of 
0.32 Ro) the brightness temperature T, of the 20 mJy flare is 
8.5x10°/6 K, where 8 is the diameter of the radio source in 
stellar diameters. Thus if the emission is synchrotron radiation 
from ~100-keV electrons (10°< T,<10° K) the source must 
have a diameter at least three times larger than the star. If, as is 
more likely, the source is much smaller than the star, then very 
much higher brightness temperatures are implied. In this case, 
particles with energies greater than 100 keV or coherent emis- 
sion mechanisms need to be considered***. 

Assuming that there are enough high-energy particles in the 
source region to produce the microwave burst, the same par- 
ticles (by analogy with the solar flare) may be expected to 
generate hard X-ray emission with intensity dependent on the 
ambient (thermal) particle density in the source. Hard X rays 
have not yet been detected from stellar flares during the several 
bright optical flares that have occurred during satellite obser- 
vations in the energy range up to 60 keV (refs 4, 5, 14). On the 
other hand, soft X rays (0.1-10 keV) have been detected from 
several flare stars”'*'*, but these are probably of thermal origin 
and therefore not directly related to the microwave burst. 

The observed temporal correlation between the optical and 
microwave intensities for the flare on AT Mic may only be 
coincidental. Indeed, if the theory due to Mullan’® is correct, the 
optical flare energy is conducted downwards from the coronal 
plasma which emits the soft X rays. In this case a correlation 
between the thermal X-ray and optical fluxes would result; any 
correlation with the non-thermal microwave emission would be 
much more indirect. On the other hand, if there is a direct 
relationship between the optical and microwave fluxes, as 
suggested by the observations in Fig. 1, then theories which are 
consistent with such a common origin should be investigated. 
One such theory” ascribes the increase in optical brightness to a 
wavelength shift of IR photons to visible wavelengths by inverse 
Compton scattering from MeV electrons. The mechanism may 
be very efficient in the cool flare stars, which have most of their 
quiescent emission in the IR region of the spectrum. This theory 
has recently been supported by Bruevich er al.'*, who observed 
decreases in the IR fluxes of several flare stars immediately 
before flares in the visible spectrum; the magnitudes and dura- 


tions of the negative IR flares were sufficient to account for the 
excess flare energy radiated subsequently in the visible spec- 
trum. The significance of this mechanism for the current obser- 
vations is that the same MeV electrons responsible for the 
optical emission could also produce the microwave flare, thus 
accounting for the observed correlation. 

The fact that the present 5-GHz flare on AT Mic lasts much 
longer than the microwave bursts generally observed either 
from the Sun or from the flare stars Proxima Centauri? and YZ 
CMi (ref. 4) suggests that the extended part, at least, may result 
from a previously unobserved mechanism. On the other hand, 
long-duration optical flares'’ and metre-wave radio bursts” have 
been previously observed on flare stars. Itmay simply be that the 
extended parts of previous stellar microwave bursts have been 
below the threshold for detection. 

We thank Mr I. Wilson for assistance in the 5-GHz obser- 
vations. The radio and optical observations of AT Mic were 
prompted by K. Mason and S. Kahn in support of a planned 
simultaneous X-ray observation by the Einstein Observatory 
(which unfortunately did not occur). 
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Assuming that their observations of the weak echoes of high 
frequency radio waves scattered from the lower ionosphere 
were caused by Fresnel reflections from: discontinuities in the 
refractive index, Gardner and Pawsey' developed a method for 
determining the height distribution N.(4) of the D-region elec- 
tron densities from observations of the ratio A,/Ag (4) of the 
back-scattered amplitudes of the extracrdinary and ordinary 
magneto-ionic components. This ‘partial reflection’ method 
turned out to be a useful tool for studies of the ionospheric 
D-region’*, We compare here observations of weak radio 
echoes from the ionospheric D-region, with model compu- 
tations of radio wave scattering, based on in situ measurements 
of ionospheric irregularities. The results show excellent 
agreement, indicating that an important source of the weak 
partial reflections has been identified. 

The nature of the irregularities and the-scattering mechanism 
has been extensively discussed and the theory has been gradu- 
ally developed to describe different types of scattering”. Part 
of this discussion dealt with the possibility that the irregularities 
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in refractive index could be due to changes in electron-neutral 
collision frequency’ as well as changes in electron density, as 
originally assumed by Gardner and Pawsey. Belrose et al’, 
however, presented data supporting the original hypothesis, and 
in the following we assume that only changes in electron density 
cause the partial reflections. The remaining important problem 
is to map the structure of these electron density irregularities. 
Because the air in the D-region is only weakly ionized, the 
degree of ionization being in general smaller than 0.1 p.p.m., we 
may expect a close coupling between changes in the ionized and 
neutral constituents. Studies of irregularities in ionization 
density may therefore give information about the dynamical 
state of the mesosphere. 

The simple theory of Fresnel reflection implicity assumes that 
sharp vertical gradients in refractive index exist extending 
horizontally over at least a Fresnel zone (~5 km for HF-waves 
near 70-km altitude). The vertical change in electron density 
AN./N, must be of the order of 1-8% within a fraction of a radio 
wavelength (30-100 m) to produce the observed scattered 
amplitudes’. A revised theory by Flood? assumes volume scat- 
tering from a medium in which irregularities with a spectrum of 
sizes are present. Constructive interference of backscattered 
signals will occur where the spatial variations have scales near 
half the radio wavelength. The radar will therefore pref- 
erentially be sensitive to the intensity of fluctuations with such 
scales. Ground based experiments to determine the nature of 
the scattering mechanism have not yielded conclusive results, 
but indicate that both Fresnel reflection from extended irre- 
gularities and volume scattering may occur. There seems to be a 
tendency for the larger irregularities to occur at low heights 
(below 70 km)'*"°. 

We now compare observations of partial reflections from the 
D-region with computed intensities of radio echoes. The model 
computations are based on volume scattering from irregular 
ionospheric structures measured in situ in a sounding rocket. 
The experimental data were obtained from a rocket-borne 
electrostatic ion-current probe combined with simultaneous 
recordings of partial reflections. The experiments were made in 
North Norway, at the Andøya Rocket Range (69°17'N, 
16°O1'E) and at Ramfjord Research Station (69°58N, 19.22°E) 
where the University of Tromsg operates a partial reflection 
facility. The latter station is situated near Tromsg, 120 km to the 
north-east of the Andøya Rocket Range. 

On 1 March 1978 at 01.13UT a research rocket code F-47, 
was launched from Andgya Rocket Range into a moderately 
disturbed auroral ionosphere. Before and during launch the 
ionospheric conditions were monitored by the partial reflection 
experiment at Ramfjord and by riometers and magnetometers 
at both sites. The launch criteria were: the presence of strong, 
stable partial reflections in the height range 65-95 km, and that 
both riometer absorption and magnetic activity were of similar 
magnitudes at the two sites. At the time of launch a moderate 
disturbance with riometer absorption between 0.5 and 1 dB at 
both sites had lasted for several hours with only small changes in 
absorption and partial echo structure. Magnetic activity was low 
during this period. 

The F-47 payload was carried by a Nike Apache rocket and 
reached an apogee of 127.5 km. The electrostatic probe was 
designed to measure positive ion current with high time resolu- 
tion and accuracy. The sampling rate was 1,136 Hz, providing 
one measurement of ion current per metre along the rocket 
trajectory through the D-region. The rocket experiment and the 
results have been described elsewhere‘. Some important 
assumptions made in the analysis of the rocket data should be 
mentioned. First, the observed ion current I is assumed to be 
proportional to ambient ionospheric ion number density N; over 
small height intervals (AW ~ 1 km). As the probe moves through 
the plasma with a speed about three times larger than the 
thermal velocity of the ions, the observed time variation in ion 
current is assumed to reflect the spatial structure of irregularities 
in the ambient ion density, that is 5//{J) = 6N,/(N,), where 61 
and 8N; are deviations from the respective running means (J) 


and (N taken along a suitable length of the rocket trajectory. 
Furthermore, local charge neutrality is assumed so that 
5N,/N; = 6N./N, where N, is the electron number density. The 
instrument provides power spectra in the scale range 3-100 m. 
In the D-region the spectral slope is near -5/3, indicating that 
the irregularities are caused by homogeneous, isotropic turbu- 
lence, whereas the spectra observed above 95 km have a ‘white 
noise’ character. Of particular interest is the intensity in the 
D-region of irregularities with scales equal to 1/2 A where A is 
the radio wavelength of the partial reflection radar. The height 
variation of this intensity is shown in Fig. 1. The accuracy of the 
rocket results shown in Fig. 1 depend on several factors. The 
determination of the relative fluctuations in positive ion density 
V(5N?)/(N)) at the length scale A/2 is accurate to better than 
5%, The absolute magnitude of the electron density fluctuations 
is found from the equation 
2 
VEND = N 


where the electron density profile (N.)(/) is determined from a 
radio wave propagation experiment in the rocket (Faraday 
rotation and differential absorption measurements, M. Friedrich 
personal communication). The structure in Fig. 1 represents a 
real variation in the fluctuation intensity, it is not associated with 
any large-scale structure in the electron density profile (N.)(h), 
which is a smooth monotonic function of height’®. The absolute 
accuracy of this profile changes with height from ~30% near 
65 km to better than 10% at 95 km. Note that the observed 
fluctuations in ion density could not have been caused by fast 
time variations in the flux of the ionizing source (precipitating 
energetic electrons), because the time constant of the ions in the 
lower ionosphere is of the order of 100-1,000 s. 

The partial reflection experiment (PRE)'”’* facility near 
Tromsø operates on 2.75 MHz (A = 109 m) and using a 17 dB 
gain antenna, transmits circularly polarized, 20 us wide, pulses 
vertically with a pulse repetition rate of 50 Hz. The equivalent 
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Fig. 1 Root mean square fluctuation of ion density for scales 

of Sa( A=109m, the radio wavelength for the PRE radar). 

——-, Fluctuations derived from the rocket measurements; 

~o-o-, fluctuations computed from the PRE measurements, using 
the amplitude of the ordinary magneto-ionic component, 
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Fig. 2 Comparison between partial reflection measurements and 
results from calculations of partial reflection amplitudes based on 


rocket measurements of ionization density fluctuations. ——, 
Computed values; ----- , measurements 01.12.23-01.13.09UT (1 
March 1978); —+-——~, measurements 01.13.54-01.14.34uT; ----, 


measurements 01.15.21UT-01.16.02UT. a, r.m.s. amplitude of 

ordinary magneto-ionic component versus height; b, r.m.s. ampli- 

tude of extraordinary magneto-ionic component versus height; 
c, r.m.s. amplitude ratio A ,/ Ag versus height. 


isotropically radiated peak power is about 125kW. The 
polarization is switched between pulses, so that alternate pulses 
correspond to the ordinary and extraordinary magneto-ionic 
modes. The transmitter and receiver systems are computer 
controlled, and the weak partial echoes are recorded on 
magnetic tape for every 1-km height interval, typically in the 
height region 50-100 km. Three examples of PRE observations 
of ordinary echo amplitude Ao{h) and extraordinary amplitude 
A,{h), averaged over 40s intervals during the rocket flight are 
shown in Fig. 2. The electron density profile Neh) may be 
derived from the ratio A,/Ao(h), and this ratio is also shown. 
Observations from the three different time intervals are quite 
consistent, indicating that no significant ionospheric changes 
occurred during the flight. The height distribution of electron 
number density was also determined from Faraday rotation 
measurements in the rocket (M. Friedrich, personal com- 
munication). These number densities agreed well with those 
determined from the PRE results. Thus the D-region showed no 
significant changes over a distance of 120 km. 


The ratio of received to transmitted powers for the partial 


reflections may be expressed as * (T. F. unpublished data): 
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Here h is the height from which the power PRih) is received, 
g((zı—h)/2) represents the pulse shape, C(z,) is a known 
function based on an assumed height variation of electron- 
neutral collision frequency’’, and k; is the imaginary part of the 
wavenumber. The constant is determined by calibration of the 
radar system, and R(z,) is the intensity of ionospheric fluctua- 
tions with scales corresponding to A/2 or 2k,, where k, is the real 
part of the wavenumber. 

The relation between the rocket and partial reflection obser- 
vations was tested in two ways. First, the amplitudes A,(/:), 
Ao(h) and ratio A,/Ao(h) were computed directly from egua- 
tion (1), using values of R(z,) determined from the rocket probe 
for 1-km intervals. In Fig. 2 the results of the computations are 
compared with the measurements. The agreement, both 
regarding absolute magnitudes and height variation is very 
good, The main sources of uncertainty are the possible ion- 
ospheric changes over the distance of 120 km between the radar 
and the rocket, and possible inaccuracies in the absolute cali- 
bration of the radar system. The discrepancy between calculated 
and measured amplitudes for the extraerdinary wave above 
85 km, could be due to contamination of the measurements by 
oblique echoes, or to the effects of not correcting for the change 
in the extraordinary mode group velocity above 85 km. | 

In the second test equation (1) was solved for the term R(z,), 
using the measured ratio Pa(h)/ Py. To achieve this, the pulse 
g((z,~)/2) was assumed to be a square wave of width 3km 
centred at a height A, and all other terms inside the integral were 
assumed constant within this height range. In Fig. 1 the 
computed term R(z,) representing the intensity of the fluctua- 
tions is compared with the rocket measurements. Again the 
agreement is good, although the computations do not reproduce 
the detailed structure observed in the rocket. At least part of this 
discrepancy could be due to the fact that the computed fluctua- 
tion intensity is averaged over a scattering volume of width 
3km. 

We conclude that the intensity and height variation of partial 
reflections measured during the rocket flight are consistent with 
volume scattering from the ionospheric irregularities measured 
by the electrostatic probe in the rocket. The power spectra of ion 
density fluctuations derived from the rocket data, indicate that 
these fluctuations are caused by turbulence in the neutral air™®. 
We may therefore conclude that such turbulence is an important 
source of partial reflections. 
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On excitation by light, thionine dye oxidizes Fe’* ions in solu- 
tion and the photoproducts undergo dark reactions to restore 
the starting materials. The photogalvanic (photovoltaic) poten- 
tials generated by this cyclic process can be demonstrated by 
means of a cell with two platinum electrodes, one illuminated 
and one in the dark. Light is converted more effectively into 
electricity in the totally illuminated thin-layer (TITL) cell with 
platinum and tin oxide electrodes, but the efficiency of the 
conversion is limited by energy-wasting back reactions in solu- 
tion and by restriction on the concentration of the dye’. We now 
show that these limitations can be overcome if thick films 
(~10 pm) of thionine condensed with macromolecules are 
coated on to inert electrodes. 

Recent investigations of photoredox reactions in hetero- 
geneous media and of charge-transfer reactions in micellar 
systems’, organized monolayers? and chemically modified elec- 
trode systems’ are aimed at understanding the reactions involv- 
ing biological membranes including photosynthetic apparatus. 
Microheterogeneous environments drastically change the fea- 
tures of chemical reactions occurring in homogeneous media. In 
a photoinduced electron-transfer reaction, the products readily 
recombine in a homogeneous medium to regenerate the starting 
materials whereas charge separation is favoured in the micellar 
surface or in organized monolayer assemblies*. Such systems 
could be used to store and utilize light energy. Here we describe 
the photocatalysed redox reactions induced by the thionine 
covalently bound to poly(N-methylolacrylamide) and related 
copolymers. Films of polymer-bound dye were coated on to 
inert electrodes. The electrode reactions are totally different 
from those of the excited dye in homogeneous solution. 

Purified thionine on condensation’ with poly(N-methyl- 
olacrylamide) produces the polymer-~dye complex, poly(acryl- 
amidomethylthionine-co-methylolacrylamide). Uncondensed 
dye is removed by dialysing the reaction mixture for several days 
with water. The ratio of thionine units present to the hydr- 
oxymethylacrylamide units in the macromolecular chain could 
be varied depending on the reaction conditions, the 
monomer/dye (M/D) ratio in the polymer~dye complex is 
120+ 10. In solution the dye centres present in the polymeric 
chain do not form aggregates at this M/D ratio. However, with 
increasing amounts of dye present in the chain, the dye centres 
aggregate and blueshift the absorption maximum by 15 nm with 
respect to the free dye’. Evaporation of the solvent in a flash 
evaporator at 40°C leaves behind an insoluble dye-polymer 
complex: presumably some cross-linking occurs. However, the 
polymer-dye complex remains in solution without forming a 
precipitate when the solvent is not evaporated. A drop of the 
polymer-—dye solution placed on a glass or metal surface 
produces a film on evaporation in vacuum at 90 °C. The absorp- 
tion spectra of the polymer-dye in solution and of the film 
coated on to an electrode plate are shown in Fig. 1. In the film 
some of the dye has aggregated as indicated by the absorption 
spectrum. In all the present experiments a i-cm’ platinum 
electrode was coated with the polymer—dye. The film was 12- 
15 um thick. 

The photoelectrochemical cell consisted of a platinum elec- 
trode covered with a film of the polymer-thionine complex, and 
a plain platinum electrode. The electrodes were immersed ina 
de-aerated solution containing 10°? M ferrous sulphate in 0.5 x 
10°? M sulphuric acid. The dye-coated electrode was irradiated 
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Table 1 Polymer—dye coated electrodic behaviour on irradiation 





AE. Feo Prax 
Substrate (mV) (pA) (uW) 
A +37.4* 2.84 0.027 
+31.4t 3.70 0.029 
B +32.0* 1.80 0.014 
+29.67 2.76 0.020 

Cc + 4* = = 

+ 34 ee — 


A, Poly(N-acrylamidomethylthionine-co-methylolacrylamide), B, 
poly(N-acrylamidomethylthionine -co -methylolacrylamide ~co -acrylic 
acid); C, poly(N-acrylamidomethylthionine-co-methylolacrylamide- 
co-vinyl pyridine). 

* Stationary condition; + stirring condition. 


by a 300 W tungsten projection lamp. The open-circuit photo- 
potential (AE,,), short circuit current (Z) and maximum power 
output (Pmax) were measured from the plots of photopotential, 
photocurrent and power output as a function of applied resis- 
tance. The results are shown in Table 1 for the thionine bound 
to poly(N-methylolacrylamide) and its copolymers. For 
comparison, the power output and the potential generated on 
irradiation in identical conditions in the TITL® cell with the 
distance of 1mm between the SnO, and platinum electrode 
were measured for unbound thionine. The open-circuit poten- 
tial measured was ~74.5 mV and the power output 0.038 pW 
for unstirred solutions. The direction of the current is reversed 
with respect to the plain platinum electrode in the TITL cell 
compared with that with polymer—dye film coated electrode. 





1.2 






Absorbance 
2 
oo 


24 20 i6 
x 103 (cm7!) 





Fig. 1 Absorption spectra of poly(N-acrylamidomethylthionine— 
co-methylolacrylamide) in aqueous solution (a) and as a film (b). 


For the electrode reactions occurring at the dye-coated elec- 
trode current-voltage curves were determined in a PAR cyclic 
voltammeter. The results (Fig. 2) indicate that the thionine— 
leucothionine couple is more reversible at the dye coated elec- 
trode than the Fe?*/Fe** couple. The peak potentials of the 
polymer-bound thionine/ polymer-bound leucothionine are not 
affected by coating it on to a platinum electrode. However, the 
cathodic peak potentials of Fe**/Fe°* system is shifted 
cathodically by 110mV at the polymer coated electrode 
compared with the uncoated platinum electrode. Albery et al? 
have reported that electrolytically coated thionine on a platinum 
electrode shows a similar behaviour. 

That the polymer—dye coated electrode functions as a cathode 
on irradiation suggests that the electrode reaction reduces Fe** 
or some other species. However, the reduction of free Fe** ions 
is not a favourable process at this electrode. We propose that the 
electroactive species is a complex of semithionine with Fe?“ ions 
surrounded by the polymer network along with solvent. As 
thionine is immobilized in a polymer film the photoproduced 
semithionine does not undergo the disproportionation reaction 
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Fig.2 Cyclic voltammograms versus SCE. Scan rate, 100 mV s7', 
electrode area, 1 cm’, in 0.25 M [H2804]. a, Fe”*/Fe** couple at 
(I) plain platinum and (II) polymer-thionine coated electrodes 
(10°? M of Fe?*). b, Polymer-bound thionine/leucothionine cou- 
ple at u) plain platinum electrode with polymer-dye in solution 
(5x 107° M dye); and (II) for the polymer-dye coated electrode 
without the polymer—dye in solution. 


observed in homogeneous medium. The electrode reactions are 
thus: 


Cathode reaction 
hy 
P-TH* + Fe +H* ——» [P-TH.-Fe]** 
[P-TH,-Fe]** +e” ——» P-TH3 + Fe? 


Anode reaction 


Fe?* a Sos Fe?* +e 


Fe** ions produced at the anode combine with the semithionine 
at the cathode to generate the starting materials. The proposed 
mechanism implies that the oxidation of the semithionine in the 
complex [P-TH.~Fe]** present near the electrode seems to be a 
much slower process than the reduction of the complex at the 
electrode. Oxidation of P-TH 3 by the Fe** ions produced at the 
anode probably occurs by charge migration through interacting 
thionine-semithionine centres in the polymer network. Charge 
can be transferred in thin films of dyes and polymers coated on to 
electrodes and electrons can tunnel through stacks of 
monolayers'’. However, in quite thick films of polymer a high 
ohmic resistance is expected to result in negligible amount of 
current flow. In the present case with the ~15-ym thick polymer 
film, charge transfer to electrode must be explained either by the 
migration of charge through the dye centres or the penetration 
of ferrous ion through the porous polymer network or a 
combination of both. It has been suggested'’ that the polymer 
films of 10 pm thickness in suitable solvents exhibit considerable 
flexibility, which facilitates charge transfer through bound 
chromophores. 
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Fig.3 Photocurrent plotted against applied voltage (versus SCE) 
across the working electrode—reference electrode for the polymer- 
dye coated electrode. 


Decrease in the open-circuit photopotential and the practic- 
ally negligible amount of current flow observed in the case 
of poly(acrylamidomethylthionine—co-methylolacrylamide-co- 
vinylpyridine) indicates the inhibition of free movement of Fe** 
ions through the polymer network due to the strong binding 
between the ferrous ion and pyridine ligand. With the cor- 
responding polyacrylic acid copolymer at 9H 2.0, as much of the 
carboxylic acid is in the protonated form, lack of coordination of 
acrylate with Fe?* ions does not affect the mobility of these ions 
through the polymer network. 

The polymer—dye coated electrode in the electrochemical cell 
was illuminated at various applied potentials and the resulting 
photocurrents are shown in Fig. 3. 

The present study has shown that high concentrations of the 
light absorbers in contact with electrodes facilitate absorption of 
more light per unit thickness and bring about specific electrode 
reaction at the electrode. The catalyst, which brings about the | 
light induced electrode reaction, is mounted on the electrode, 
eliminating unwanted waste-ridden bulk reactions, Comparison 
of the TITL cells, which show the maximum efficiency for the 
Fe**-thionine photogalvanic cell, with the polymer—dye coated 
electrode system shows that nearly 75% of the power output of 
the former cell is attained by absorbing light in less than one- 
hundredth of the thickness of the thin layer. As the bulk solution 
contains no dye, operation of the system becomes simpler. The 
polymer-—dye film is stable for days in the dark and under 
illumination shows no observable change in its electrochemical 
behaviour. 

This research is supported by grants frem University Grants 
Commission and by the Department of Science and Technology. 
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Viscosity of high-pressure ice VI and 
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Current models'* of the evolution of the jovian satellite, 


Ganymede, assume that it was formed by homogeneous 
accretion of water ice and silicate particles (about 50 mass%) 
with chondritic abundance of the radioactive elements U, Th 
and K. As the satellite reached its final size it would probably 
have been composed of a mixture of silicate particles and 
high-pressure phases of ice, from the centre outwards: ice VII, 
ice VI, ice II and finally, near the surface, ice 1^. Due to 
radioactive decay, the temperature would rise in the interior, 
presumably transforming ice VII into ice VIL, and bringing ice 
VII and VI close to their melting point. We have measured the 
viscosity of the high-pressure ice VI at room temperature and 
pressures of 1.1-1.2 GPa in a sapphire anvil cell; fine particles 
were used to visualize the flow of ice down the radial pressure 
gradient. The low value we found for the viscosity (7 = 10° P} 
suggests that solid state convection might have taken place 
during the early evolution of Ganymede, thus preventing 
melting and differentiation. 
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` Fig. 1 Phase diagram of ice® showing our experimental conditions 
(x); and conditions for which the value of viscosity was 


_ extrapolated (©). 
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Parmentier and Head? have shown that if the viscosity of 
high-pressure ices near their melting point is lower than 10°” 
solid state convection can take place, effectively removing heat 
and preventing melting and differentiation of the planet. 
However, if the viscosity is higher than 10°’ P, melting could 
eventually occur leading to differentiation and silicates could 
sink forming a rocky core surrounded by a liquid water mantle 
and a lithosphere of ice I and I’; if the viscosity of ice I is low 
enough (~10** P) the lithosphere itself can convect?, extract 
heat frdm the liquid layer which will freeze in a time of the order 
of 10° yr, and form a mantle composed mostly of ice VI * which, 
in turn, can convect if its viscosity is low enough. More generally, 
if the viscosity of ice in the interior were ag low as 10’* P, a steady 
state body, either differentiated or undifferentiated, would be 

solid’. 

Ice VI is easily formed in a diamond anvil cell and observed by 
optical microscopy“. The phase diagram of ice” (Fig. 1) shows 
that liquid water transforms to ice VI at 0.9 GPa, at 20°C. For 
such relatively low pressures, the anvils can be made of sapphire 
instead of diamond with the result that a gasket with a larger 
hole can be used, allowing a wider field of observation, The 
viscosity of the ice can be measured by following the motion of 
marker particles down the radial pressure gradient in the cell. 

A cell of the usual Block—-Piermarini type was fitted with 
anvils machined from a 6-mm diameter single crystalline rod of 
AlO, with the c-axis along its length. The anvils were 5 mm 





r/R 


Fig. 2 Hydrostatic pressure in the sapphire anvil cell plotted 
against r/R, where r is the distance from the centre and R the 
radius of the hole in the gasket. Each curve corresponds to a 
different load and is labelled in fractions of one turn of the screw. 
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high and were tapered to an end diameter of 1.3mm. The 
gaskets were made of annealed copper foil 0.35 mm thick with a 
0.6-mm diameter hole. The hole is filled with tap water contain- 
ing particles of 2 um alumina grit and the load is applied, 
through a lever, by turning a screw (by capillarity, most of the 
particles stay close to the anvil surfaces); the cell is installed 
under an optical microscope. At first the gasket is extruded a 
little inwards, reducing the diameter of the hole and the hydro- 
static pressure increases until 0.9 GPa, when ice VI crystals 
begin to form, and eventually fill the hole. From then on, further 
increases in the load cause the ice to be extruded outwards and 
the diameter of the hole to increase slightly. There is a radial 
pressure gradient from the maximum pressure at the centre to 
the edge and it can be reasonably assumed that the ice flows fully 
plastically, having reached its shear strength. In such cases, one 
can assume that the radial pressure gradient is equilibrated by 
the shear stresses along the anvil surfaces" and that 


8P(r) 201% 

s hkh 

where P(r) is the hydrostatic pressure at a distance r from the 
centre, o,, is the shear stress along the anvil surfaces (in cylin- 


drical coordinates); h is the thickness of the ice disk which can be 
measured for a given load by focusing the microscope on the 


(1) 
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Fig: 3 Plot of tho radial velocity (u) of the markers against 
radius (r). ' 


upper and lower surfaces. P(r) is determined for several values 
of the load (expressed by N, number of $ turns of the screw after 
the ice has formed) by using fixed transition points for alkali 
halides at room temperature: 0.36 and 1.16 GPa for NELF (ref. 
9), 0.52 GPa for RbCI (ref. 10) and 1.8 GPa for KBr (ref. 11). 
Holes in gaskets 150-ym thick (the thickness of the gasket when 
the ice starts to form) are filled with alkali halide powder. As the 
load is increased the powder first sinters and the transformation 
appears at the centre of the hole; the transformed phases can be 
seen as dark circular patches propagating outwards as the load is 
increased. The pressure at the value of r corresponding to the 
rim of the dark patch is equal to the transformation pressure. For 
each of several values of r, it is possible to determine the number 
of $ turns of the screw for which the transitions appear; these 
data are converted into smoothed curves giving P(r) for 4, bh 41 1 
turn of the screw. We assume that the same curves will 
approximatively correct for ice VI if we take P(r) to be i 
pressure over 9 kbar for the same number of turns of the screw 
after formation of the ice. The pressure distribution in ice VI is 
shown in Fig. 2. 
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Table 1 Experimental results at various distances from the centre r 








r u rz 
tR (cm) (ems) (s"4) 
0.25 4.2x107 4.2x107% 3.2x107° 
0.5 8.4x107 8.4x1078 6.51078 
0.78 1.3% 1077 1.3107 1075 
1 1.7107? 1.7x1077 1.3x107° 


P 8P/ ôr n Tu-T 
(GPa) (cgs) (Py K 
1.22 1.4x10" 14x to" 16 
1.17 1.2x101! 6.1104 14 
1.12 12x10" 4x10 12 
1.08 9.5x10'° 24xig? 10 





u is the radial velocity of the particles; y, the shear strain rate; P, the hydrostatic pressure; &P/ êr, the pressure gradient; n, the viscosity; Tm — T is the 


distance to the melting point. 


The viscosity has been determined for the load corresponding 
to } turn of the screw after formation of the ice. Micro- 
photographs of the field of ice with particles of alumina close to 
the anvil surfaces were taken 2 and 17 min after the load was 
applied. Comparison of enlarged photographs shows that the 
particles at a distance r from the centre of the cell have moved 
radially by Ar during the time At between the two photographs. 
Their average velocity u(r) = Ar(r)/Ar is found to be propor- 
tional to r: u(r)/r= 1075s”? (Fig. 3). The markers are passively 
carried by the outwards creeping ice. As a first approximation, 
we takey = u(r)/h. for the viscous shear rate of ice. 

ý is related to the shear stress by 


Tar) = 2ny2(r) (2) 
Hence, from equations (1) and (2) 


Gan h 
br ayt) 








(3) 


For N =}, h = 1.3 x 10°? cm. The value of n(r) can be computed 
from the data in Table 1 for values of r corresponding to $R, 4R, 
ÎR, R (R being the radius of the hole). The viscosity of ice VI at 
temperatures between 10 and 16 °C below the melting point and 
pressures between 1.08 and 1.22 GPa varies from 2.4 x 10° to 
1.4 10'* P. The accuracy of our determinations is thought to be 
no better than +20%, (AP/P = 5%, Ah/h ~1%, Au/u =10%, 
Ar/r=0 hence An/n = 20%; the viscosity found in a repeated 
experiment differred by 18%) yet the difference is probably 
significant and the trend is certainly correct indicating an 
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Fig. 4 Plot of the logarithm of the viscosity (7) against pressure 
(P). The slope of the line gives an activation volume V*= 
30cm? molt, 





increase in viscosity with pressure. The activation volume V* = 
RT(dln n)/ðP can be estimated from plotting In y against F 
(Fig. 4), it is found to be approximately V* = 30 em? mol”. If we 
use this value to extrapolate the viscosity at 2 GPa near the ice 
VI-VII boundary (and 52 °C below the melting point) we find 
n=1.7x 10" P, 

The assumptions used to determine the viscosity probably 
lead to overestimating rather than underestimating it; the 
assumption of fully plastic strain regime {compatible with the 
fact that the volume variation in the deforming regions has 
experimentally been found close to zero) leads to an upper limit 
for the shear stress as does the equilibrium condition (1) for a 
given load. The annealed copper gasket has been found to be 
just of the right stiffness to allow formation of ice VI without 
preventing its creeping outwards (platinum was too soft and 
Inconel too hard). Finally, we assume in equation (2) that 
viscous flow takes place under the constant plastic shear stress, 
which is obviously not correct: some stress relaxation must 
occur. 

Finally, in taking y = u/h, we made the hidden assumption 
that the velocity profile across the sample is constant up to the 
vicinity of the anvils where the particles lie. If we make the more 
reasonable assumption that the profile uiz) is parabolic with 
u = Qat z = h/2 (anvils) and that the particles with the measured 
velocity u lie at a distance of the anvil surfaces equal to 0.05 A 
(that is z = 0.45 h), the strain rate is then. y = du/dz œ 20u/h, 
reducing the viscosity by a factor 20. 

In these conditions, it is reasonably safe to state that the 
viscosity of ice VI in most of its domain of existence and within 
20°C of its melting point, is certainly lower than 10° P, and 
may even be lower than 10'* P, Two important consequences 
follow: 

First, if the accretion of Ganymede was homogeneous, 
subsolidus convection was possible in the ice VI and most of the 
planet could have remained undifferentiated. 

Second, for reasons not taken into account in the current 
models (such as rapid accretion rate, tidal dissipation and high 
initial luminosity of Jupiter), melting and differentiation might 
occur; in that case the liquid mantle could probably freeze again 
by lithospheric instability or ice diapirism’ and transfer heat by 
solid state convection. 

We thank Marc Parmentier for helpful comments. This work 
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The distribution of aluminium and silicon atoms on the tetra- 
hedral sites in synthetic faujasites (zeolites X and Y) has been 
debated for many years. Although the framework structure of 
the zeolite is known’, the detailed distribution of Si and Alin the 
lattice cannot be established by conventional methods, partly 
because of the very similar scattering powers of silicon and 
aluminium for X rays and partly because of the difficulties in 
obtaining crystals of adequate size and perfection. Some 
inferences have, however, been made on the basis of four 
indirect approaches: variation of the (cubic) lattice parameter as 
a function of aluminium content”; electrostatic calculations‘; 
change of zeolitic acidity on successive extraction of aluminium 
from the framework“; and the kinetics of crystallization”. All 
these approaches have assumed the validity of ‘Loewenstein’s 
rule’ which forbids Al atoms from occupying neighbouring 
tetrahedral sites. High-resolution solid-state "Si NMR (with 
magic angle spinning) can determine the detailed Si, Al ordering 
in zeolites’**, NMR coupled with electron diffraction studies 
has revealed that Loewenstein’s rule, generally treated as 
axiomatic, is broken in Linde A’°'*"* and in at least three other 
zeolites where Si/Al is nominally unity’’. In view of its 
importance as an archetypal zeolite, particularly commercially, 
we have re-examined the question of framework ordering in 
faujasite. We propose new ordering schemes and explain dis- 
continuities in the unit cell constant as a function of composition. 

The basis of the solid-state NMR method is the fact that "Si 
chemical shifts fall into five distinct ranges, depending on 
whether a given SiO% tetrahedron is linked by oxygen bridges 
to four, three, two, one or no AlO3" tetrahedra’, these ordering 
modes are denoted Si(4Al), SiGAN, Si(2Al), Si(LAl) and 
Si(QAD, respectively (following ref. 7). 

We have carried out a detailed NMR examination of synthetic 
faujasites with Si/ Al ratios in the range 1,18-2.42. Spectra were 
obtained at 20°C using a Bruker CXP-100 solid-state high- 
resolution spectrometer with a home-made magic-angle-spin- 
ning attachment. Cross-polarization and proton decoupling 
were not used. The conical rotors, ~0.5 ml internal volume, 
were made from Delrin, an acetal resin and spun at a rate of ~ 3 
kHz. The *°Si spectral line widths at half-height were close to 2 
p.p.m. All chemical shifts are given from tetramethyisilane, with 
high field shifts being negative. Time interwals of 1 s between the 
radio frequency pulses were allowed, and 2,000-10,000 free 
induction decays were accumulated per sample. Relative 
intensities of peaks corresponding to the different Si, Al order- 
ing modes have been measured from the spectra and compared 
with many speculative distributions of Si and Al generated for 
each crystal composition. Relative populations of the five types 
of ordering modes were calculated for each such configuration 
and compared with experiment. We have given special attention 
to those configurations which do not involve the creation of a net 
dipole moment, and those associated with the lowest elec- 
trostatic energy. The latter has been approximately calculated 
for a lattice model with fixed point charges on Al sites. 
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Fig. 1 High-resolution solid-state 2°Si NMR spectra of synthetic 
faujasites. Chemical shifts are given in p.p.m. from tetramethyl- 
silane. Relative populations of the five possible ordering modes, 
Si(4Al); SiBAD: SIQAI: SICLAD: SiOAD, estimated from the 
spectra, are given in the right-hand corner of each box. Peaks 
corresponding to the respective ordering modes are marked as 4, 3, 
2, 1 and 0. The Si/Al ratio for each crystal composition studied, 
which sometimes slightly deviates from the ideal, is given in the 
left-hand corner of each box. a, Si/Al= 1.19; 6, Si/Al= 1.35; c, 
Si/Al = 1.67; d, Si/ Al = 2.00; e, Si/Al = 2.45. 


Unless restrictions are imposed on the size and symmetry of 
the unit cell, an infinite number of ordered structures is possible. 
We have considered a basic unit composed of two sodalite cages 
linked through a hexagonal prism with a centre of symmetry in 
the middle. Such basic units are, for heuristic purposes, placed at 
the points of a face-centred cubic faujasite lattice. Each unit 
contains 24 pairs of tetrahedral sites. The four-fold multiplicity 
of the F-lattice allows only certain numbers of Al atoms per unit 
cell of 192 tetrahedral atoms: 96, 88, 80, 72, 64, 56, and so on, 
equivalent to Si/Al ratios of 1.00, 1.18, 1.40, 1.67, 2.00, 2.42, 
and so on, respectively. In faujasite there are two distinct types 
of six-membered rings in each sodalite cage: four ‘type I’ rings 
involved in linkages with neighbouring cages, and four ‘type IT 
(non-linking) rings which face the supercage. 

The NMR spectra, given in Fig. 1, show that as the Si/ Al ratio 
approaches unity, the ordering converges towards Si(4A)), that 
is, towards strict alternation of Si and Al in the lattice. This is in 
contrast to the situation which prevails in Linde A, where the 
ordering is Si(3 Al) (refs 9, 12 and 13), although the zeolite is also 
built of sodalite cages. The fact that Loewenstein’s rule is broken 
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in Linde A but obeyed in faujasite will be discussed elsewhere. It 
would seem reasonable to expect that Al-O-AlI linkages would 
be less likely in less aluminous faujasites, that is, those with 
higher Si/Al ratios. The perfect ordering in a hypothetical 
faujasite with Si/Al= 1.00 is given as C1 in Fig.2. All six- 
membered rings are of the meta type with respect to both Si and 
Al. Following Dempsey et al.”, by now replacing any pair of Al 
atoms which are related through the centre of symmetry, by Si 
atoms, thus increasing Si/Al ratio to 1.18, we arrive at 
configuration C2 with the relative population of the ordering 
modes of 16:8:0:0:2 which, although the smallest peak cannot 
be identified, is in good agreement with the intensities in the 
NMR spectrum (Fig. 1a). Detailed examination revealed that 
no other speculative configuration can explain NMR results for 
this composition. The NMR spectra rule out complete disorder. 

The transition from Si/Al=1.18 to Si/Al= 1.40, which is 
equivalent to altering the Si: Al content per sodalite cage from 
13:11 to 14:10, leads to four possible population ratios of 
ordering modes: 12:8:4:0:4; 10:12:2:0:4: 14:4:6:0:4 
(neither shown in Fig. 2) and 8:16:0:0:4(C3 in Fig. 2), none of 
which is compatible with the NMR results. However, if we 
abandon the centre of symmetry requirement and thus the 
condition of zero dipole moment, we arrive at configurations C4 
and CS. C4 agrees very well with experiment (G. Engelhardt, 
E. Lippmaa and M. Magi have independently reached the same 
conclusion) however, C5 (which breaks Loewenstein’s rule) 
does not agree so well with experiment. Approximate cal- 
culations of electrostatic energy indicate that either C4 or C5 are 
acceptable from that point of view. However, the Si (4A1) peak 
in measured spectra may be higher than Si(3Al) peak, only 
because the zeolite composition deviates from the ideal Si/ Al = 
1.40 (see the proportion of these peaks in C2). This means that 
C5 cannot be unequivocally eliminated. 

Closer examination of Fig. 2 reveals that para occupancy of 
type II rings begins at Si/Al = 1.40 and not at Si/Al = 2.00, as 
postulated by Dempsey et al.. We suggest that this change in 
mode of occupancy is responsible for the discontinuity in the 
plot of lattice parameter, occurring at the composition 
equivalent to 80 Al atoms per unit cell (that is at Si/Al = 1.40). 
Note that for any composition para occupancy of a type I ring 
must lead to the violation of Loewenstein’s rule if the centre of 
symmetry is preserved. There is no violation, however, if para 
occupancy occurs only in type H rings. For Si/ Al = 1.40 it is not 
possible to limit the para occupancy only to type II sites; some 
para rings of type I have to be admitted if agreement with NMR 
data is to be achieved. The resultant loss of centrosymmetry 
gives rise to a net dipole moment. This may, however, be an 
acceptable consequence, especially if one considers that small 
adjustments of cationic positions can compensate that dipole 
moment and hence retain overall non-polarity. 

At Si/Al= 1.67 (a 13:9 ratio, that is two Al atoms are 
eliminated from CS, one of which was involved in an Al-O-Al 
linkage) configuration C7 is produced with para occupancy in 
some type I and II rings. C7 is in good agreement with NMR 
results. However, an alternative configuration, C6, in which 
para occupancy is restricted to type II rings, also fits the 
experimental data. Only very accurate measurements, not 
feasible at present, could distinguish between the two possi- 
bilities. 

For Si/Al = 2.00 NMR indicates that all type II rings must be 
of para occupancy (configuration C8). This conclusion agrees 
with the distribution of Si and Al postulated by Dempsey et al.” 
and evidently accounts for another discontinuity in the cell 
parameter plot, observed at $i/Al = 200. Intensities calculated 
from C8 agree well with experiment. So do those derived from 
C9 for Si/ Al = 2.42, although good agreement with NMR could 
be achieved in both cases also by abandoning the u = 0 condi- 
tion. In other words, for high Si/Al ratios (from 2.00 upwards), 
Si NMR is a progressively less sensitive tool for the choice of 
Si, Al ordering. It is, however, invaluable in highly aluminous 
zeolites, where the correct distribution of tetrahedral atoms can 
be easily identified. 


One further discontinuity in the lattice parameter versus 
composition plot has been observed’, at Si/Al= ~ 2.86. 
Although we have no experimental proof, we can speculate, 
using analogies with more aluminous phases, that the break in 
the curve is due to the onset of single occupancy of six- 
membered rings. A configuration in which all six-membered 
rings are occupied by only one Al atom corresponds to 
Si/Al = 5.00 and is given in C12. Introduction of partial double 
occupancy, to reach $i/Al = 3.00 (C10) and Si/Al = 3.80 (C11} 
involving the necessary existence of meta and para rings, as well 
as singly-occupied rings, is most likely. 

The most reasonable configurations from the many possible 
are marked with circles in Fig. 2. Unlike any other known and 
readily applicable technique, Si NMR directly probes the 
immediate environment of the Si atom. 

While some of our conclusions may have to be modified when 
even higher-resolution, higher-sensitivity, solid-state "Si NMR 
becomes available, we have already arrived at the progression of 
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Fig. 2 Possible distributions of Al (@) and Si (©) in the basic 
structural unit of faujasites with different compositions (given in 
the left-hand corner of each box). Calculated relative populations 
of the five possible ordering modes (see Fig. 1) for each diagram are 
given in the right-hand corner of each box. g = 0 denotes a net 
dipole moment of the basic structural unit. The most probable 
configuration for each composition is circled. Configuration C5 
violates Loewenstein’s rule. 
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Fig. 3 Observed (at 79.6 MHz) a, and simulated b high-resolu- 
tion 7°Si NMR spectra for a Si/AI ratio of 1.35. 


ordering schemes that give rise to the following unique 
configurations of Si/AI ratios of 1.0, 1.18, 2.0, 2.42 and 5.0: 
(1) at Si/Al=1.0 and 1.18, all meta configurations for six- 
membered rings of both type I and type II; (2) at Si/Al = 2.0 
and 2.42, para occupancies are limited to only the type H rings; 
and (3) at Si/Al=5.0, both type I and type II rings have only 
single occupancies. 

In the intermediate configuration, Si/Al= 1.4, para occu- 
pancy occurs in some of the type I and type II rings, with 
consequential generation of a dipole moment. For Si/ Al = 1.67, 
an extension of the ordering schemes applicable for both 1.4 and 
2.0 is possible. 

Since this work was completed, we have recorded spectra at 
much higher resolution, and the conclusions drawn from this 
recent development vindicate our earlier ones. More precise 
values of the relative populations are now available, and one of 
the newly recorded spectra, together with its computer-stimu- 
lated analogue (based on Gaussian peak shapes) is shown in 
Fig. 3. 

We acknowledge support from the Universities of Cambridge 
and Guelph, the SRC, BP Research Centre, and Laporte 
Industries. 

Note added in proof: Since this work was submitted we have 
heard from Engelhardt and Lippmaa that they have obtained 
essentially the same results and reached the same conclusions”. 
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Measurements of the variation of gravity with depth in mines 
and boreholes permit the densities of intervening rock strata to 
be inferred. In the few cases in which reliable absolute values of 
density have been independently determined, the calculations 
can be used to check the value of the newtonian gravitational 
constant, G. Such large-scale measurements of G are important 
because the validity of the inverse square law of gravity at short 
range is being questioned. We have made such a series of 
measurements and have found four other data sets in the 
literature that suffice for the estimation of G. We also report 
here a statistical analysis of 1,100 km? of overlapping sea floor 
and sea surface gravity data from the Gulf of Mexico (made 
available by Exxon). All these estimates of G give values that 
are higher than the conventional, laboratory-determined one. 
While the possibilities of systematic errors in these data sets 
preclude a definite conclusion that Newton’s law of gravity fails 
at short range, the strong circumstantial evidence suggests that 
well controlled large-scale experiments on the inverse square 
law are urgently required. 

There are theoretical reasons for postulating a non-newtonian 
gravitational effect”, and Long's’ claim that, contrary to 
earlier, less precise measurements’, a departure from the 
inverse square law is observable on a laboratory scale has 
stimulated novel experiments on gravity”. Essentially evidence 
is sought that, in terms of Newton’s law for the attractive force 
between masses m, mz at separation r 


F=Gmym2/r 


the factor G is not strictly a constant but varies with z. If it exists, 
the variation is almost certainly small and at astronomical 
distances it vanishes altogether, but because we have no way of 
determining the astronomical scale value of G, it is important to 
extend laboratory type observations to as large a scale as 
possible. 

The earliest estimates of G were geophysical, relying on the 
attractive effects of mountains of assumed known masses®, With 
the acceptance of the superiority of Cavendish-type laboratory 
experiments the geophysical attempts became of historical 
interest only, but now that a scale dependence of G is being 
sought, geophysical measurements acquire a new significance. 
They permit the measurement of the gravitational constant over 
distances of 10-5,000 m, greatly extending the normal labora- 
tory range of 0.05-1 m. Of particular interest are measurements 
of the vertical gravity gradient in mines, boreholes and at depth 
within the sea. Airy” first used this method in a coal mine in 
Durham and it was later pursued more successfully in Cze- 
choslovakia by Von Sterneck’’. The basic idea is that at depth 
within the Earth the attracting mass is less than that of the whole 
Earth by the amount of the shell outside the point of measure- 
ment. Domzalski'’ emphasized instead the potential usefulness 
of underground gravity surveying as an exploration tool and in 
the past 30 yr there have been numerous reports of gravity 
measurements in mines and boreholes, pursuing this idea, but 
not referring to the possibility of estimating G. The values 
obtained from those that enable G to be calculated’*”** are 
compared in Table 1 with our own observations in a mine in 
North-west Queensland, undertaken specifically to determine 
G, and a new analysis of marine gravity surveys. These seem to 
be the only reports that provide sufficient information on 
independent measurements of rock densities, as well as the 
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Table 1 Values of G from modern geophysical data 








Type of Depth range 
Data source measurement Gravity data (m) Density data (Gta)(107'' mkg” s” 
Ref. 12 Mine 21 96-587 ~400 6.795 0.021 
“Ref. 13 Mine 31 57.3-684.8 47 6.7390- 0.0025 
11 57,3-208.5 6.7242 0.014 
10 223.1-388.9 6.72640,012 
10 418.2-684.8 6.7462 0.013 
31 $7,3-684.8 “6.7427 + 0.0024 
35 0-684.8 6.7334 £6.0037 
Ref.7 Mine 8 0-948 565 6.71240.037 
Ref. 14 Borehole 3 3,712-3,962 16 6.81 £0.07 
Ref. 15 Mine 7 251-590 53 6.705 +0.060 
Exxon Exploration Department Marine surveys 703 113-687 6.797 + 0.016 





*Result obtained with an assumed deep mass anomaly biasing the gravity profile. 


variation of gravity with depth, to permit G to be calculated with 
formal standard deviations that indicate the scatter of the data. 
The method of analysis follows closely that used in ref. 7. The 
values in Table 1 should be compared with the conventional 
laboratory-determined value of G=(6.672+0.004)x 
1071 m° kg™' s~? (ref. 16). 

The suspicion that the in situ densities of rock strata are 
systematically underestimated in core and hand samples makes 
measurements at sea most important. We have been given 
access to an extensive set of overlapping sea floor and sea surface 
gravity data from the Gulf of Mexico (Exxon). The surface and 
sea floor data were obtained independently at different times, 
but tied to common sea shore reference stations, and both had 
been’ free air and Bouguer-corrected to sea level with the 
assumption that the sea was filled in with sediment. We have 
tabulated 703 pairs of sea floor values, with corresponding sea 
surface values and depth, uniformly spaced over an approxi- 
mately square area of 1,100km*. We are interested in the 
difference between the surface and sea floor values g(0) and g(z) 
as a function of water depth, z. The combined effect of 
the numerical values used in the adjustments is to subtract 
0.068223 mGalft™' from [g(z)~g(0)]. Values of Ag= 
[g(z) — g(0) — 0.068223 z(ft)] are plotted as a function of z in 
Fig. 1. If the adjustments were perfect, Ag would average to zero 
for all values of z, so we are interested in the trend apparent in 
these rather scattered values. The statistical properties are: 
n=703; J, z= 857782.1 ft; Ei Ag =—802.5 mGal; Ziz = 
1203853183 f?; YF (Ag)? = 2744. 7754 mGal; Yi (zAg)= 
—1266254.728 mGal ft; X; (Ag/z) = ~554. 61526 mGal ft; 
E, (Ag/z) = 2303.2955 mGal? ft? 

We initially intended to take the linear regression through 
these data to obtain the departure of dg/dz from the reference 
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Fig. 1 Gravity differences between overlapping surveys in the 

Gulf of Mexico. Surface values are subtracted from bottom values 

after both have been adjusted to correspond to the surface of a sea 

filled with sediment. If these adjustments were perfect the plotted 

gravity differences would be zero at all depths, apart from effects of 

sub-surface features. The scatter of data is due at least partly to 
sub-surface gravity anomalies. 





value (0.068223 mGal ft“), but a correlation with sea floor 
topography was noticed. Data from local high points appear 
systematically above the general trend, although the tendency 
for data from hollows to give below-average Ag is not as 
noticeable. The effect may be due to imperfection of the cor- 
rection for sea floor topography, which was-carried out as part of 
the Bouguer adjustment of the data, but could also arise from a 
correlation with topography of gravity anomalies from sub- 
bottom features; in either case it probably gives an appreciable 
contribution to the gradient of Ag against z, However, the mean 
value of Ag/z is unaffected by topography; positive and negative 
contributions to Ag/z from underlying inhomogeneities average 
to zero if a large enough area is properly sampled. Using this 
average, adding the reference gradient and converting to SI 
units we obtain the result 
dg 4 


z (2.2124 +0.0020)x 107 s7? 


Using equation (6) in ref. 7, the theoretical gradient is, with 
numerical values of the geometrical parameters of the Earth 


ŽE L 3,089539% 10°*-12.56616Gp s? 


and taking the mean value of the seawater density to be ğ = 
1,027 kg m°, the observed gradient gives the value of G listed 
as the last item i in Table 1. Alternatively, if we attempt to reduce 
the error resulting from the greater uncertainties of the Ag/z 
values for shallow data by taking the linear regression con- 
strained through the origin, then the d(Ag)/dz= 
~(0.526 + 0.038) x 107? mGal ft and the resulting estimate of 
G is (6.730+0.010) x 107" m? kg” s7? 

There are possibilities of systematic errors, not represented by 
the quoted standard deviations, in all of these estimates. In. the 
case of the marine data we rely on the accuracy of reference 
baseline ties of the two surveys and there is now no effective way 
of checking these. In the mine and borehole measurements there 
is a possibility of a systematic discrepancy between in situ and 
laboratory densities, although this is certainly slight in the case 
of our own data’. We have also considered the possibility of a 
bias arising from deep anomalous masses. Neither direct 
measurements’ of the free air gradient nor the evidence of a 
surface gravity survey give evidence of a significant bias. There 
are sufficient data points in McCulloh’s tabulations to provide an 
internal check and these data are of particular interest because 
of the small standard deviation that they give. Of the 35 gravity 
values, we ignored the top 4 which were in the weathered surface 
layer where densities are unreliable. In Table 1 we have also 
treated three subsets of 11, 10, 10 of the remaining values. We 
have also considered the bias of a deep mass anomaly by least 
square fitting the data with the postulate of an anomalous mass 
of arbitrary size and depth, without materially affecting the 
estimate of G. 

The evidence of a high value of G is not conclusive but is 
strongly circumstantial—better controlled experimental data 
are needed and two new experiments are planned. One-is.to 
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measure gravity profiles to a depth of about 4km in topo- 
graphically and gravitationally flat areas of the ocean'’. The 
other involves a balance comparison of the weights of 10-kg 
masses suspended in evacuated tubes at different depths in a 
lake which will undergo rapid level changes during operation of 
a hydroelectric pumped storage facility and will offer the possi- 
bility of the most precise measurement of G so far. 

We thank the Exxon Company for the opportunity to examine 
gravity records and Michael Alexander and Leroy Brow for 
helping to make effective use of them. 
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Jacobs’ proposed that the Earth’s inner core is growing through 
the freezing of outer-core material as the Earth gradually cools’. 
Recent studies have shown that compositional effects associated 
with this freezing process can release energy at a rate sufficient to 
power the geodynamo’” and may be crucial in determining the 
dynamic state of the outer core“. Here we investigate the effects 
of composition on the freezing process itself, drawing on metal- 
lurgical experience, and speculate on the structure and state of 
the inner core. We propose that the interface separating the 
inner and outer core is dendritic and argue that the region in 
which freezing takes place may extend throughout the entire 
inner core. Consequently the compositionally driven convective 
motions which stir the outer core and sustain the geodynamo 
also occur within the interdendritic spaces of the inner core. The 
seismic evidence which corroborates this proposal is briefly 
reviewed. 

The material composing the Earth’s core has often been 
treated as being pure iron but it is in fact an “uncertain mixture 
of all the elements’. The freezing of a mixture can be very 
different in nature from the freezing of a pure substance’ so it is 
most important that the effects of composition be included in 
any study of the evolution of the Earth’s core. In particular there 
are two properties which must be modelled. First the tempera- 
ture (the liquidus temperature T,) below which material freezes 
out of a fluid with a certain composition is a function of that 
composition. Second, in general, the composition of the solid 
which freezes is different from that of the fluid from which it has 
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frozen. As a first step towards investigating the effects of 
composition we shall study the simplest possible system which 
incorporates these two properties; a binary alloy, We shall 
assume that as freezing proceeds, one component of the binary 
mixture goes to form the solid while the other is expelled into the 
remaining fluid. We shall use é to denote the mass fraction of the 
latter (so by definition € = 0 in the solid). As already mentioned, 
the liquidus temperature is a function of composition and we 
shall use &, to denote that composition é for which T, takes its 
minimum T.. In applying the results of studies of binary alloys to 
the Earth’s core, it is very likely? that ¿ represents the less dense 
constituents and the solid which freezes is richer in the denser 
constituents. 

A binary mixture in a single liquid phase has, by Gibbs’ phase 
rule, three independent thermodynamic variables. When a solid 
phase is present in equilibrium with the adjacent liquid, a 
constraint is placed on the variables reducing the number of 
independent variables to two. Usually the constraint is expres- 
sed as the liquidus condition T = T,(p, £) where T is the 
temperature of the liquid and p is the pressure. If 


T<T.(p, £) (1) 


the liquid is said to be supercooled and is unstable to the growth 
of solid, usually in the form of dendrites extending from a 
boundary. In particular if this condition is caused by a spatial 
gradient of composition normal to a freezing interface, the liquid 
is said to be constitutionally supercooled. To determine whether 
equation (1) is satisfied near the inner-core boundary of the 
Earth, let us assume the boundary to be spherical and T = 
T, (p, £) on the boundary. Expanding equation (1) as a Taylor 
series in powers of p—po, where po is the pressure at the 
boundary, and keeping only the linear terms allows equation (1) 
to be rewritten as 


(T/LX8 ~ āū dé/dp)<dT/dp (2) 


evaluated at the boundary, where L is the latent heat, 6 is the 
specific-volume change on melting, @ is the energy of mixing’, 
and 


aT, /ap = T8/L, aT, /0g =~ Twé/L 


Because fluid motions are inhibited at the rigid freezing boun- 
dary, the fluxes ém of light material and Lm of heat, generated 
by the freezing of material at a mass rate m per unit area, must 
be removed from the interface by diffusion. In addition to the 
usual flux down the gradient, there is an upward barodiffusive 
flux of light material, giving”’’° 


ëm = p* Dg[(8/a) + dé/dp] (3) 
Lm = kpg dT/dp (4) 


where p is the fluid density, D the material diffusion coefficient, 
g the acceleration due to gravity, ô the specific-volume change 
with composition and k the thermal conductivity. In writing 
equations (3) and (4) we have assumed a hydrostatic balance to 
replace radial derivatives by derivatives with respect to pressure. 
Using equations (3) and (4) to eliminate dé/dp and d T/dp from 
equation (2) yields" 


m > m, = (6 + €8)p"@D/ AE (5) 


In writing equation (5) a thermal term, which can be shown to be 
negligible, has been neglected. This is the condition for consti- 
tutional supercooling to occur in the liquid outer core immedi- 
ately above a spherical inner-core boundary. 

Using parameter estimates from ref. 11 (p = 1.2 x 10° kg m’, 
g=43 ms”, D=3x10°m’s", ü =4.4x10 Ike, 
på = 1.1, p§ =0.016, €=0,05), the critical growth rate is 
m,= 107! kgm" s™. On the other hand, assuming the solid 
inner core formed 3,000 Myr ago and grew at a constant rate 
since then, we have m1 = 5x10" kg m? s"'. By these estimates, 
the inner core is growing at a rate roughly 500 times faster than 
the critical value for the occurrence of constitutional supercool- 
ing. Even allowing for a considerable variation in the parameter 
estimates, it appears that if the inner-core boundary were 
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spherical, the fluid immediately above it would be constitution- 
ally supercooled. With the above parameter estimates, the 
supercooling increases with distance from the boundary at a rate 
of 0.8Km". It is extremely doubtful that such a strongly 
supercooled fluid could persist for long in the vicinity of a solid 
crystalline interface. Studies by metallurgists’ of the freezing of 
binary alloys have shown that for growth rates satisfying equa- 
tion (5), the system reduces the local rate of freezing m by 
increasing the surface area over which freezing occurs, most 
commonly by forming dendrites extending into the fluid. 

The process of freezing and dendritic growth has been 
described by Copley, et al. who studied the evolution of a 
solution of ammonium chloride in water as it was cooled from 
below. This solution was studied because it is transparent, 
allowing the freezing process to be observed directly, and 
because it has a low entropy of fusion, thus solidifying, as would 
a metallic solution’. The cooling causes crystals of 
ammonium chloride to freeze onto a dendritic interface at the 
bottom of the solution. The interdendritic liquid is enriched in 
water and hence is lighter than the overlying solution. This 
unstable layering drives convective motions despite the stabiliz- 
ing temperature gradient. The buoyant plumes of lighter fluid 
erode the dendrites and create isolated chimneys free of solid. 

In a quasi-steady state, the cooling system studied by Copley 
et al’? may be divided into three regions: a lower region 
completely solid, an upper region completely liquid and a 
middle region, the ‘mushy zone’, in which both solid (dendrites) 
and liquid are present. The compositionally driven convective 
motions circulate throughout the upper two regions. The top of 
the mushy zone is the level at which T = T, (p, £) where é, is the 
mass fraction of the less dense constituent (water) in the well- 
mixed upper region, while the bottom is the level at which 
T=T(pé). 

The mushy zone may be thought of as a layer which matches 
the composition £, of the upper region to the lowest-melting- 
point composition £.. The thickness of the zone thus depends on 
the difference é,-é,. In the laboratory the dependence of the 
liquidus temperature on pressure is unimportant and the 
imposed temperature gradient is sufficiently large that the 
mushy zone is only a few centimetres deep. In the Earth, 
pressure effects are important and the temperature gradient is 
much smaller, causing the mushy zone to be much thicker. To 
estimate its thickness, the liquidus relation may be rewritten as 


gpd dr = -üg d- (L/T) dT (6) 


Within the mushy zone, dT/dr <0 and a lower bound on its 
thickness can be found by setting dT =0 in equation (6). 
Integration yields 


gap (r3 — 17) /1. > h(E" ~ E) (7) 


where g = gor/r., subscript o denotes conditions at the inner- 
core boundary (at the top of the mushy zone) and we have 
assumed ñ, p, ô, ře and g, are constant. We may use this 


inequality to calculate the greatest compositional difference 


which can be accommodated by a mushy inner core. Setting 
r=0, £= £. ra= 1.2 x 10° m and using the parameter estimates 
given previously, equation (7) predicts that £. ~ £ <0.016. This 
figure is, of course, very uncertain. If we had chosen a larger 
value of £ say 0.15, then the allowable difference would have 
been smaller: £. —é,<0.006. An independent bound on the 
compositional difference sustained by a mushy inner core can be 
found using Fig. 5 of ref, 16. With the pressure difference across 
the outer core known’’ to be 1.93x10''Nm”’, the liquidus 
gradient may be estimated as (dé/dp); = 107" m? N™". With the 
pressure difference across the inner core being” 3.3x 
10°°N m”, it follows that £. — ¿£ = 0.003. 

Whether the composition of the core satisfies such an 
inequality is not known. The point of this calculation is to show 
that the thickness of the mushy zone is strongly dependent on 
the difference in composition between the outer core and the 
corresponding liquid with the lowest melting point. In fact, 
unless the two compositions are very nearly equal, the mushy 





zone will be very thick, possibly extending to the centre of the 
Earth. 

When the idea of compositionally driven convection in the 
core was first introduced, it was assumed that the resulting flow 
patterns would be quite similar to those found in thermally 
driven convection. With the model of a dendritic inner-core 
boundary, that assumption is not valid. As the core gradually 
cools, compositionally buoyant fluid is produced within the 
inner core. This fluid rises upwards into the outer core as thin 
plumes and is replaced by a general downward motion of heavier 
fluid. An important feature of this flow pattern, resulting from 
the fact that diffusion of material is very slow, is that all 
streamlines must pass through the inner core. Models of fluid 
flow within the outer core, such as those constructed for kine- 
matic dynamo problems, should have this property. 

There may be some seismic evidence which corroborates the 
view that the inner core is in a partially molten state. Specifically, 
several authors'*”° have suggested tha’ the attentuation of 
seismic waves in the inner core may be due to the presence of 
fluid inclusions. It has also been demonstrated experimentally” 
that the anelasticity of a simple binary system (NaCl-H,0) is 
much larger if partially molten than if completely solid. Several 
attempts’’?” have been made to demonstrate that thermal 
diffusive effects in a partially molten inner core can account for 
the observed anelasticity, but preliminary calculations show that 
compositional effects are likely to dominate thermal effects; 
whether these can account for the observed anelasticity remains 
an open question. 

This work was supported by NSF under grant EAR78-00818 
and is contribution no. 173 of the Geophysical Fluid Dynamics 
Institute, Florida State University, Tallahassee, Florida. 
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Ferromanganese nodules in the deep-sea and in freshwater 
lakes usually accrete layers rich in manganese oxides alternating 
with layers rich in iron oxides’. The mechanism producing these 
alternating layers is unknown; indeed, the mechanism produc- 
ing the nodules themselves is unknown. In Oneida Lake, a large 
freshwater lake near Syracuse, New York, precipitants from the 
lake water and the surfaces of nodules at the sediment—water 
interface are enriched in Mn, whereas nedules buried in lake 
sediments have surface layers enriched in Fe. It is hypothesized 
here, using field and laboratory evidence, that reduction and 
mobilization of Mn from the nodule surface during periods of 
anoxic sediment cover produce the high Fe layers observed in 
the nodules. 
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Oneida Lake nodules have been the subject of several 
investigations’*. Mn phases present are 10A manganite 
(todorokite) and 5MnO,; Fe phases are goethite and X-ray 
amorphous ferric oxides and hydroxides**. The nodules exhibit 
a discontinuous growth pattern characterized by periods of rapid 
growth interrupted by periods of no growth or erosion®. The 
nodules are most abundant in the 5-10 m deep central area of 
the lake where ~25% of the bottom may be covered with 
1-20 cm diameter diskoidal nodules’. 

The Mn/Fe ratio of freshly precipitated (<5-yr old) ferro- 
manganese deposits in Oneida Lake is.in the range 2.7-3.8 
(Table 1). These thin deposits (<1-3 mm) show no Fe-rich 
layers, The surface Mn/Fe ratios of most Oneida nodules 
exposed to the Lake water are in this same range (ref. 6 and 
Table 2). These data suggest that freshly precipated Oneida 
ferromanganese deposits including nodule surfaces have a 
Mn/Fe ratio >2; yet in bulk composition the nodules have 
Mn/Fe ratios of 1.8 with some layers having ratios as low as 0.07 
(ref. 5 and Table 2). 

Extensive wind-induced mixing prevents the bottom waters of 
Oneida Lake from becoming anoxic as many eutrophic lakes do 
in the summer’. Although there is no long-term record of 
sediment deposition on the central shoals where nodules lie 
unconformably on a weathering Silurain shale, seasonal events 
may produce fine-grained sediment cover on these nodules 
depleating O, and leading to the reduction of surficial MnO. In 
anoxic sediments (those containing <3 pmol O,kg™') MnO, 
reduction is largely completed before FeO; reduction begins®”, 
These studies have been confirmed in Oneida Lake sediments’. 
Thus nodules buried in sediments should have Mn mobilized 
from their surfaces in preference to Fe. The Mn may diffuse into 
the nodule or the adjacent sediment pore water. At site 123 in 
the lake (see Table 2), such a fine cover was observed during 
June 1977 but not in August 1977; the sediment cover was 
absent in August 1978 but present in June 1979. This sediment 
consisted primarily of organic-rich diatom shells, probably 
resulting from periods of high productivity in the near-surface 
waters of the lake’. Nodules covered by these anoxic sediments 
should lose Mn and become enriched in Fe on their surfaces. 
Removal of the sediment cover by oxidation and winowing 
would leave a nodule surface enriched in Fe available to receive 
more MnO}. 

The degree of surficial reduction depends directly on the 
length of time the nodule is covered and the O, demand of the 
sediment. In extreme cases most of the Mn may be removed 
from a considerable thickness of nodule producing a major 
Fe-rich band. In other cases Mn accretion may continue rela- 
tively uninterrupted for many years to produce a thick Mn-rich 
band. 

There are two sets of data which suggest that these conditions 
produce the banded structure of the nodules. The first are 
measurements of low Mn/Fe ratios ranging from 0.07 to 0.31 
(Table 2) on the surfaces of nodules recovered from beneath 
15-25 cm of sediment in the lake. Below this surface layer, a 
Mn-rich layer is often present with Mn/Fe ratios of 2-4 (Table 
2). Fe-rich layers seem to be forming on these buried nodules. 
Second, surface depletions of Mn were produced in laboratory 
experiments by burying nodules in lake sediments for 6 months. 
In all cases a 1-mm thick layer rich in Fe and depleted in Mn was 
produced on the nodule surface (Table 2). When the burial 


Table 1 Mn/Fe ratios on different substrates in Oneida Lake 





Distance above Estimated 


sediment~water age of 
Substrate interface deposit Mn% Mn/Fe 
Plastic bottle 2m <2 weeks 22 3.8 
Aluminium can 0-4 cm <2 yr 18 2.7 
Glass bottle 0-4 cm <S5yr 21 3.1 
Mussell shell 0-6 cm <3 yr 19 3.7 
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Table 2 Manganese and iron in Oneida Lake nodules 





Site no. Sample description (thickness) Mn% Mn/Fe 

129 Buried in 15 cm of sediment 

Hard surface layer (1 mm) 3.44 0.24 

Friable layer below surface (2 mm) 12.5 2.8 
129 Buried in 15 cm of sediment 

Hard surface layer (1 mm) 4.89 0.31 

Friable layer below surface (3 mm) 13.0 3.45 
129 Buried in 15 cm of sediment 

Hard surface layer (1 mm) 0.86 0.07 

Friable layer below surface (2 mm) 7.21 1.16 
129 Surficial nodule 

Friable surface material (1 mm) 17.8 3.03 


Friable material just below surface (3 mm) 16.8 2.63 
129 Surficial nodule, appeared highly weathered 


Very soft surface material 9.27 208 
Very hard layer just below surface 1.65 0.10 
123 Buried in 25 cm of sediment 
Flaky surface material (2 mm) 2.79 0.13 
Harder material below flaky surface 4.90 0.25 
(2 mm) 
123 Surficial nodule, appeared weathered 
Hard layer from surface (1 mm) 4.66 0.18 
Friable material below surface (1 mm) 19.4 1.96 
123 Buried in sediment in lab for 6 months 
Surface layer (1 mm) 9.26 0.27 
Layer below surface (3 mm) 11.01 0.45 
123 Buried in sediment in lab for 6 months 
Surface layer (1 mm) 10.97 0.44 
Ist layer below surface (1 mm) 14.86 0.56 
2nd layer below surface (2 mm) 32.33 3.7 
123 Buried in sediment in lab for 6 months 
Surface layer (1 mm) 13.09 0.70 
Layer below surface (2 mm) 32.97 6.1 


These sites are 20-30 m south of New York State Barge Canal buoys 
bearing the same number. Each is a shoal area about 10 m deep with 
abundant nodules. 


experiments were conducted in covered glass jars, a ring of 
MnO, appeared on the glass at the sediment—water interface. In 
jars of similar sediment but without nodules, no ring of MnO, 
appeared. 

The results of these nodule burial experiments are unequivo- 
cal. Askin rich in Fe and depleted in Mn is produced by burying 
a nodule in lake sediments for several months. Apparently 
MnO, on the nodule surface accepts electrons from carbon 
oxidation in the sediments and is mobilized as Mn”™. In the jar 
experiments some of this Mn” diffused to the sediment surface 
where it was reoxidized to MnO 2. Because the jars with the 
sediment but no nodules showed no MnO; ring, this Mn must 
have come from the nodules. No similar Fe mobilization was 
evident. 

Besides explaining the Mn-Fe banding of the nodules, the 
hypothesis answers an additional question concerning the 
Oneida nodules, namely their episodic growth. It has been 
shown’® that periods of rapid growth (>1 mm per 100 yr) are 
separated by growth hiatuses which may last 500-1,000 yr. 
These growth hiatuses may in fact reflect periods of extensive 
chemical erosion of the nodules during which Mn is removed 
selectively and a lag deposit rich in Fe forms on the nodule 
surface. These hard, Fe-rich layers provide structural integrity 
for the nodules. The Mn-rich sections are cut easily with a steel 
blade, but some Fe-rich layers have a hardness > 6 enabling the 
nodules to resist erosion. The partial dissolution of the nodules 
thus seems to be instrumental in producing a framework strong 
enough to become an important component of the lake sedi- 
ments. 

I thank Ken Nealson for field assistance and helpful com- 
ments, H. Chen for performing the analyses and Dee Hansen for 
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The recognition that NO, derived from atmospheric N30, is an 
important factor in the destruction of stratospheric ozone’, and 
that atmospheric N,O may reduce radiative heat loss from the 
Earth’s surface’, has stimulated interest in the global sources 
and sinks for N,O. One possibility is that increasing use of 
industrially fixed N in agricultural production increases loss of 
N20 to the atmosphere. Until recently, however, field data for 
the evaluation of this concept were not available. Even now, 
only a few longer-term studies of N20 loss from representative 
agricultural land permit estimates of loss over a complete year or 
a cropping season. In the present study, field measurements of 
N,O exchange over 12 months between a grassland soil and the 
atmosphere indicated that the soil acts as both a source and a 
sink for atmospheric N,O, depending on soil conditions and the 
amount of nitrogenous fertilizer applied. 

The measurements of NO exchange (as described in Fig. 1) 
were made in duplicate in a 10 x 10 m subplot within a 0.4-ha 
plot sown to perennial ryegrass (Lolium perenne L.) and receiv- 
ing 250 kg N ha™ yr™’ as ammonium nitrate. The field plots 
formed part of a long-term study of nitrogen fertilizer appli- 
cation to grassland by ICI Ltd at Bracknell, Berkshire, UK. 
Quadruplicate measurements of N20 exchange were also made 
on an unfertilized control strip alongside the 250 kg N ha” 
treatment. The soil at the site is a loam in the Wickham series 
overlying London clay’ (Ochraqualf; US Comprehensive Soil 
Classification). Some properties of the upper 20 cm of the profile 
are: pH=6.0-6.5; organic C=34.7mgg™; total N= 
2.3 mg g`’; bulk density = 1.06 gcm™. 

Nitrous oxide exchange varied appreciably with time of year 
and prevailing soil conditions. For the 250 kg N ha™' treatment 
(Fig. 1) there was a net loss of N20 from the soil, weekly mean 
rates of N,O loss being as high as 245 ng N m™’s"* (1 ng N 
m~? s~ = 8.64% 107+ kg N ha” day”') after the third fertilizer 
application which was made during a period of frequent rain. 
The highest rates of N20 loss were observed when the following 
conditions prevailed simultaneously in the upper 20 cm of the 
soil profile; water content >20% by weight (air-filled porosity 
<38% of an undisturbed soil volume), nitrate and ammonium 
contents >10 wg N per g soil and temperature >10 °C. Addi- 
tional measurements indicated that the highest rates of N20 loss 
were also associated with water content >35% in the upper 
2.5 cm of the soil profile. 

Low rates of N,O loss (<12.0ng N m`? st) were observed 
following the first and fourth fertilizer applications. These 
periods of low N2O loss coincided with appreciable drying of the 
soil. Low rates of NO loss were also observed during the first 3 
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weeks of the study even though the soil was at field capacity 
(water content 28-30%); however, soil temperature was 65 °C 
and nitrate content <1 pg N g`. 

The most striking feature of the data in Fig. 1 is that the 250 kg 
N ha™ treatment acted as both a source of and a sink for 
atmospheric N2O. Sink activity as high as 11.6 ng N m?s has 
been measured, although weekly mean values (Fig. 1) never 
exceeded 5.8 and were generally between 1.2 and 
3.5 ng N m`? s~”. The prevailing soil conditions during periods 
of sink activity were moderate to high (>20%) soil water 
content, very low nitrate content (<1 pg N g`) and tempera- 
tures above 5-8 °C (Fig. 1). Sink activity was observed before 
fertilizer application when soil temperature increased above 
5°C, Sink activity resumed 3 weeks after the second fertilizer 
application and 2 weeks after the third application when soil 
nitrate content fell to low levels and water content remained 


ree 
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Fig. 1 Nitrous oxide exchange, soil nitrate and ammonium content (0 
20cm), soil moisture content (0-20 cm) and soil temperature (2cm) in 
grassland receiving 250 kg N ha~' yr? as ammonium nitrate. Fertilizer was 
applied in four equal amounts on the dates indicated ( } ). The sward was cut 
and herbage removed immediately before each fertilizer application and on 
19 September N,O exchange was measured using a modified version of thë 
soil cover technique described in ref. 28. The cover had a removable lid, 
enclosed an air volume of 7.5 dm? and covered an area of 0.075 m”. The air 
fiow (500 cm? min’) through the cover was allowed to equilibrate with the 
soil surface for at least 1 h before starting the N,O exchange measurement. 
N,O exchange was determined for periods of 3 h by comparing the amount 
of N,O in air drawn through the cover with that in an equivalent flow of air 
drawn from the free atmosphere at the same height as the air entry port for 
the cover. The rate of air flow used to sweep the cover must equal that used to 
sample the free atmosphere. Accurate matching of flow rates was achieved 
using stainless steel needle valves and air flow tubes each of which was 
calibrated to $00 em? min`’ +1% using a wet gas flowmeter, The air flow 
control gave a standard error of £0.005 p.p.m. (v/v) for 10 simultaneous 
determinations of an atmospheric N,© concentration of 0.320 ppm. The 
mean atmospheric NO concentration during the study period was 0.324 
0,013 p.p.m. for 160 determinations. A detection limit of 1,2 ng N ms" 
for N,O exchange was obtained. Measurements of N,O exchange were made 
on at least 3 days per week between 3 March and 19 September. During 
periods following fertilizer application or rain, measurements were madeon 
5 or 6 days per week, After 19 September measurements were made on 2 
days per week. To facilitate handling of large numbers of samples, soil nitrate 
and ammonium content was determined by extraction with 2 M KCI after 
rapidly drying soils in a forced-air oven at 70°C. Soil water content was 
determined gravimetrically on the same samples. Soil nitrate contents 
determined using this procedure were not significantly different from those 
determined by extraction of field moist-soil. Drying increased ammonium 
content by 2-4 ug N per g soil. 
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>20% as a result of persistent rain. Significantly, in a companion 
treatment receiving 500kg N ha™' yr™' no sink activity was 
observed—soil nitrate content remained above 2 pg Ng”! 
throughout the study. 

How soil water content affects source or sink activity is 
illustrated in the 3-week periods following 28 July and 22 
September when sink activity ceased as the soil passed through a 
drying phase. A similar effect was observed in November when 
the soil passed through periods when its temperature fell below 
5°C. The oscillation between low rates of NO loss and sink 
activity in response to changes in soil temperature continued 
throughout the winter until the first fertilizer application in 
mid-March 1981 when significant loss of N-O resumed. 

The unfertilized control strip invariably acted as a sink for 
N:O at times when soil water content exceeded 20% (Table 1). 
Sink activity ceased only when the soil dried to lower water 
content or when its temperature fell below 5 °C (Table 1; Fig. 1). 
As with the 250 kg N ha”! treatment, sink activity was asso- 
ciated with persistently low soil nitrate content, weekly mean 
and individual values never exceeding 1 pg N g™' (Table 1). 

Measurements made concurrently with those reported in Fig. 
1 and Table 1 indicated that denitrification was the major 
process determining both source and sink activity for N20 in the 
present study. Loss of N20 was always associated with a larger 
denitrification loss measured using the C,H,-inhibition tech- 
nique? at other areas of the same plot. Rates of N20 loss from 
C,H;-treated areas were two to seven times greater than those 
measured in the absence of C,H) (Fig. 1). Production of N,O 
during denitrification in soils is favoured by high nitrate content, 
temperature conducive to high respiratory oxygen demand, and 
water contents leading to restricted aeration and the develop- 
ment of anaerobic microsites”. Maximum N,O loss was 
observed (Fig. 1) when such conditions prevailed. During 
periods of sink activity there was also a small net loss of N 
(generally <12ngNm’s"') from C,H>-treated areas. Sink 
activity was only observed in conditions conducive to microbial 
reduction of N-O; namely when the nitrate available for reduc- 
tion during denitrification was essentially exhausted and when 
reductive stress was placed on the system'’:'' with soil water 
content at or above 20% and temperatures above 5-8 °C. 

Some workers have found that NO loss may also arise from 
nitrification, particularly in calcareous soils with high 
ammonium content’. Following the application of fertilizer on 
7 July 1980, the rates of N.O loss measured 12-24h after 
termination of C,H, treatment were not significantly different 
(99% confidence level; six replicates) from those measured in 
areas that had not been treated with C,H), (six replicates). For 
example, on 11 July, areas treated with C,H, yielded NO at 





Table 1 Weekly mean rates of N,O exchange between the atmosphere and a 
grassland soil receiving no fertilizer nitrogen 





Soil nitrate 
Rate of N,O content Soil water 
exchange (0-20 om) content 

Week ing N (ug N {0-20 cm) 

(1980) m`? s7') per g soil) % (w/w) 
18-24 August -3.1 0.6 20.1 
25-31 4 ~1.7 0.8 18.5 
1-7 September ~12 0.6 19.0 
8-14 tr* trt 14.1 
15-21 tr 0.7 15.0 
22-28 -2.9 1.0 22.5 
29-5 tr tr 19.5 
6-12 October -2.3 0.4 20.1 
13-19 -1.2 tr 22.2 
20-26 ~1.2 tr 23.0 
27-2 ~2.3 0.9 25,2 
3-9 November tr 0.4 23.8 
10-16 tr 0.6 24.4 
17-23 ~4.1 0.9 24.8 
24-30 tr 0.5 23.7 
1-7 December tr 0.6 25.2 


pol Ti E ee me 
* 41.2, >-L2ngNm 7s”. 
+<+0.1 ug N per g soil. 





493+135ngNm’*s"'. Other areas that had received C,H, 
treatment 16 h previously yielded N,O at 325+ 24 ng Nm”? s~, 
a rate not significantly different from that (332+ 
58ngNm’s”') for areas that had never been treated with 
C-H. As low concentrations of C,H, also inhibit nitrification, 
an effect which persists for several days after removal of C,H, 
(ref. 13), it seems unlikely that nitrification made an appreciable 
contribution to N,O loss from this non-calcareous soil even 
during the periods of high soil ammonium content following 
fertilizer applications. 

The rates of N2O loss observed in the present study are within 
a similar range to that reported’*”’ for arable and grassland 
systems, although in only one such study” has sink activity been 
observed. Nevertheless, there is direct” and indirect’*?"* evi- 
dence that soil may act as a sink for atmospheric N,O. Condi- 
tions favourable to sink activity’*'’ may be expected to develop 
rapidly in moist to wet soils under grass. The dense root mass 
characteristic of such soils rapidly depletes nitrate in the soil 
solution and provides potential for appreciable oxygen demand 
as a result of root respiration and microbial degradation of 
organic matter. The observation that sink activity rarely 
exceeded mean weekly rates of 5.8 ng N m° s™' (Fig. 1; Table 
1), irrespective of fertilizer application, suggests that sink 
activity was limited more by the ease of diffusion of N20 from 
the atmosphere to zones of N,O depletion within the soil, than 
by the potential for N.O reduction per se. 

In the present study, ~1.3% of the fertilizer N applied at a 
rate of 250 kg N ha” yr™! was lost between 3 March 1980 and 2 
March 1981. This proportion is in reasonable agreement with 
the estimate made by the Council for Agricultural Science and 
Technology’ for annual N2O loss from fertilized land but is at 
least one order of magnitude lower than that implied by other 
models of N,O dynamics**. The proportion of fertilizer N lost as 
N20 in the present study is of the same order as that observed 
during complete cropping seasons elsewhere'*"*"'*. 

The fact that sink activity for N-O (Fig. 1; Table 1) was 
associated with a small net loss of N arising from denitrification 
(discussed above) suggests that denitrification in soils with low 
concentrations of inorganic N, despite high total N content, 
contributes little if any N-O to the atmosphere. However, 
additional N,O may be lost following conversion of grassland to 
arable production when mineralization of stored fertilizer- 
derived N may produce elevated concentrations of inorganic N. 
Nevertheless, even in agricultural systems assumed to be at 
equilibrium with respect to reserves of soil N, losses of N as N-O 
were never greater than 5~7% of the fertilizer N applied even at 
rates as high as 680 kg N ha”! yr™ (ref. 15). 

The present and previous studies’ suggest that forecasts of 
N20 losses from industrially fixed N may have been appreciably 
overestimated. Furthermore, sink activity for NO has now been 
observed in grassland soils (present study), arable soils’? and 
lake, estuarine and marine sediments”**’. The indications that 
N20 source strength from industrially fixed N may have been 
overestimated suggest that the sink strength of the pedosphere 
and hydrosphere for atmospheric NO may be more significant 
than previously assumed. 

I thank Drs D. Barraclough and T. R. Owen for cooperation 
in the use of field facilities, also A. W. Bristow and J. E. McNeill 
for technical assistance and Dr L. H. P. Jones for helpful 
comments. The Grassland Research Institute is financed 
through the Agricultural Research Council. 
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On the neutral mutation hypothesis™™, the rate of nucleotide 
substitution is expected to be higher for functionally less 
important genes or parts of genes than for functionally more 
important genes, as the latter would be subject to stronger 
purifying (negative) selection“. On the other hand, selec- 
tionists believe that most nucleotide substitutions are caused by 
positive darwinian selection**, in which case the rate of nucleo- 
tide substitution in functionally unimportant genes or parts of 
genes”” is expected to be relatively lower because the mutations 
in these regions of DNA would not produce any significant 
selective advantages. Kimura" and Jukes” have argued that the 
higher substitution rate observed at the third positions of codons 
than at the first two positions supports the neutral mutation 
hypothesis, as most third-position substitutions are synonymous 
and do not change the amino acids encoded, although others*”° 
have discussed the possibility that third-position substitutions 
are subject to positive darwinian selection. Recently, Kimura’ 
noted that the mouse globin pseudogene, ya3, evolved faster 
than the normal mouse a1 gene, although he did not compute 
the substitution rate. Here, we present a method of computing 
the rate of nucleotide substitution for pseudogenes, and report 
that the three recently discovered pseudogenes show an 
extremely high rate of nucleotide substitution. As these pseu- 
dogenes apparently have no function, this finding strongly 
supports the neutral mutation hypothesis. 

A pseudogene is a DNA segment with high homology with a 
functional gene but containing nucleotide changes such as 
frameshift and nonsense mutations that prevent its expression. 
(Some authors’? have argued possible functions of pseudogenes, 
but their arguments are not substantiated.) Pseudogenes seem to 
have been produced by the nonfunctionalization of duplicate 
genes. A complete nucleotide sequence is now available for 
three pseudogenes (mouse fa3, human wal and rabbit 482 in 
the globin gene families)'*"’*, Figure 1 shows a probable evolu- 
tionary scheme for mouse pseudogene ya3 (Mifa3), mouse 
functional gene a 1 (Ma 1)'° and rabbit functional gene a (Ra)’” 
in which O denotes the point of duplication leading to Mya3 
and Ma1. 

Let das, daci and dga be the numbers of nucleotide substitu- 
tions per site at the ith position of codons (i = 1, 2 or 3) between 
Mya3 and Ma1, between Mya3 and Ra, and between Mal 
and Ra, respectively, and let l, m; and n; be the numbers of 
nucleotide substitutions per site between O and Mya3, between 
O and Ma and between O and Ra, respectively. We then have 
dani = li + ma daci = li + n, dacs = m; + ni. Therefore, la m; and n; 
can be estimated by 





B C 


Mouse ya3 Mouse al Rabbit a 


Fig. 1 Plausible phylogenetic tree for mouse a3, mouse a 1 and 
rabbit a. T denotes the divergence time between mouse and rabbit, 
T; the time since duplication of mouse yaJ and a1, and T, the 
time since nonfunctionalization of mouse ya 3. a; denotes the rate 
of nucleotide substitution per site per year at the ith position of 
codons in the normal globin genes and $ the rate of substitution for 
mouse pseudogene ¢a3. The proportion of mucleotide differences 
is 51/354 between mouse pa 3 and a 1, 84/423 between mouse a 1 
and rabbit a, and 91/354 between mouse we} and rabbit a (see 


Table 1). 
L= (dani + daci ~ daci)/2 (la) 
m= (dani daci + daei)/2 (1b) 
ni = (dam + daci t+ dac:)/2 (lc) 


Pseudogenes often have deletions and insertions. The 
nucleotides involved in these changes shouid be eliminated from 
data analysis, because we are interested only in nucleotide 
substitution. This can be done by aligning a pseudogene with its 
homologous functional gene for the coding regions. In our study 
we followed the alignments given by the original authors'*"!>. In 
mouse a3, however, we excluded the 30 nucleotides that have 
been aligned with the nucleotides starting from positions 91 to 
120 of the functional mouse a1. In this region there were 21 
mismatches, including one sequence of 8 mismatches and an- 
other of 7 mismatches. This pattern was very different from that 
of other parts of the gene and probably occurred through 
insertion rather than nucleotide substitution. At any rate, after 
these alignments, we computed the proportion of different 
nucleotides between homologous genes (‘Table 1), and from 
this proportion (p) the total number of nucleotide 
substitutions per site (das, daci Or dec) was estimated by 

= —(3/4) In [1—(4/3)p] (ref. 18). For computing d we also 





Table 1 Proportions of nucleotide differences between genes for the 
three positions of codons 





Genes First Second Third 
compared _ position position position 
Mia 3 with: Mat 12/118 17/417 22/119 
Ha 19/118 23/117 47/119 

Ra 21/118 22/117 48/119 

Hyai with: Ha 30/133 26/132 42.57133 
Mal 34/133 31/132 49/133 

Ra 39/133 32/132 51/133 

Ma1 with: Ha 13/141 14/141 54.5 /141 
Re 16/141 15/141 53/141 

Ha with: Ra 18/141 14/141 31/141 
RyB2 with: RB1 26/146 19/145 34/145 
HB 31/146 24/145 42/145 

MB 34/146 31/148 43/145 

R81 with: HB 9/146 6.5/146 32/146 
MB 21,5/146 16/146 46/146 





Mia 3 = mouse a3 pseudogene; Ma1 = mouse a1; Ha = average for 
human a1 and a2; Ro =rabbit a; Hal =human a1 pseudogene: 
Rýß2 = rabbit B2 pseudogene; R81 = average for rabbit #1 allele 1 
and allele 2; HB = human 6, MB = mouse 8 major. The 30 bases near 
the middle of Mwa3 are excluded from the comparison (see text), 
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Table 2 Numbers of nucleotide substitutions per site at the first, second and third positions of codons between O and A, between O and B and 
between O and C, where O is the point of duplication leading to sequences A and B in Fig. 1 





Between O and A 


Between O and B Between O and C 





Pseudogene 
(Sequence A) Sequence B Sequence C 1 2 3 1 2 3 1 2 3 
Mouse a3 Mouse al Human a, rabbit « 0.095 0.137 0.125 0.014 0.025 0.088 0.097 0.086 0.446 
Human ya1 Human a Mouse a1, rabbitæa 0.246 0.205 0.268 0.022 0.024 0.148 0.097 0.083 0.254 
Rabbit 482 Rabbit 61 Human B, mouse B™™ 0.184 0.140 0.159 0.020 0.004 0.122 0.086 0.080 0.216 





used Kimura’s formula’ *, but the values were not much different. 

In Fig. 1 we used rabbit a as a third gene, but human al or a2 
can also be used for this purpose, as their nucleotide sequences 
are known'*'*, We have therefore computed the d values for 
each of these genes and used the averages of the values to 
compute /,, m; and n; (Table 2) and the other quantities to be 
given later. Table 2 also includes the results for human pseudo- 
gene wal and rabbit pseudogene ¥82. It is seen that in the 
evolution of functional genes (between O and B and between O 
and C), the third position of codons changes several times faster 
than the first two positions, which evolve at almost the same rate, 
but in the line leading to a pseudogene (between O and A) the 
rates of change for the three positions are about the same and 
are higher than those between O and B. Clearly, pseudogenes 
evolve faster than functional genes. 

The above computation does not give the substitution rate for 
pseudogenes. To compute this rate, we must know the time since 
nonfunctionalization of a pseudogene. Let us again use the three 
genes in Fig. 1 as an example. In this figure the time (T) since 
divergence between Ma 1 and Ra is known to be about 80 Myr, 
but the time (T4) since duplication of Mya3 and Ma1 and the 
time (T,) since nonfunctionalization of Mia3 must be esti- 
mated. We estimate these times and the rates of nucleotide 
substitution for the functional genes and pseudogenes simul- 
taneously. Let a, a2 and a; be the rates of nucleotide substitu- 
tion per site per year at the first, second and third positions of 
codons in the functional genes, respectively. Once a gene 
becomes nonfunctional, the rate of nucleotide substitution is 
expected to be the same for all of the three positions, and we 
denote the rate by b. From Fig. 1 we obtain 


shown). In practice, T,, obtained by equation (6) may be larger 
than Ta. In this case, we set T,=T, because by definition 
Tas Ta When T7T,=T,, equation (5) gives b= 
È aTa +2 yi)/ Ta 

Table 3 shows the results for a, Ta T, and b. Interestingly, 
each of a,, a, and a; is nearly the same for the three groups of 
genes studied. However, a; is about four times larger than a, 
and az. These estimates are similar to those obtained by 
Kimura and Jukes’ and support these authors’ conclusion that 
the rate of synonymous substitution is higher than the rate of 
non-synonymous substitution. The b values in Table 2 indicate 
that the rate of nucleotide substitution in pseudogenes is even 
higher than the rate at the third positions of codons in the 
functional genes. The average rate of 4.6 107° is one of the 
highest rates of nucleotide substitutions so far estimated. Only 
two other estimates are comparable with this value. One is the 
rate (7.0 107°) for the synonymous substitution in the C- 
peptide region of the preproinsulin genes”, and the other is that 
(6.2 107°) estimated from amino acid sequence data for the 
rapidly evolving residues of fibrinopeptides*’. These peptides 
are believed to have no biological function except for holding 
other polypeptides that will later form a protein. Our finding 
clearly indicates that functionally less important genes evolve 
faster than functionally more important genes, and thus 
supports the neutral mutation hypothesis. Furthermore, 
comparison of a; and b suggests that the third-position substi- 
tutions in the globin genes are subject to purifying selection. 

Our estimate (T3) of the time since gene duplication is 27 Myr 
for mouse ¢a3 and a1, 49 Myr for human yal and a, and 
44 Myr for rabbit #82 and 81. These estimates are somewhat 
smaller than those (30, 60, 55 Myr, respectively) obtained by 


dan, = 2a;Ty+(b—a,)T, ad : ; : 

AR at d (2) Maniatis and his associates'*'°, mainly because these authors 
daci = 2a,T +(b-a,)T, (3) assumed that the substitution rate for the pseudogenes is the 
he same as that for the synonymous changes in functional globin 

pa = 2a,T (4) x : . 

; genes. This assumption seems to be incorrect, as the former rate 
As we know T, a, can be estimated by dgci/(2T). We also note is about twice as great as the latter rate in our study. If our 
y= daci -doa = bT, ~a,T, (5) estimates of the times of gene duplication are reliable, the mouse 


Therefore, from equations (2) and (5), Ta can be estimated by 
(das: ~ dy;:)/(23a;), where ¥ stands for the summation over i. 

To estimate T, and b, we can use equation (5) and apply the 
standard least-squares method, as there are two unknowns and 
three equations. However, note that essentially the same results 
are obtained by the following simple formulae 


wa 3 diverged from the a 1 gene about 27 Myr ago and became a 
pseudogene about 4 Myr later. On the other hand, the human 
yal was duplicated from the a gene about 49 Myr ago and 
became nonfunctional about 4 Myr later. The rabbit 782 gene 
became nonfunctional almost immediately after it was dupli- 
cated from the 61 gene about 44 Myr ago. 

We have studied the evolutionary changes of pseudogenes as 


Ta = (Yi2— Y3)/ (a3 an) (6) a paradigm of neutral evolution because in these genes the fate 
of new mutations in a population is determined almost entirely 
b = (asyi2~ @i2¥3)/(Y12~ Ys) (7) by genetic drift under the neutral mutation hypothesis. In 


where yi2 = (y; + y2)/2 and a). = (a, + a2)/2. Expressing equa- 
tions (6) and (7) in terms of l, m; and n, we have obtained 
approximate formulae for the standard errors of T,, and b (not 


practice, most genes in the genome would have some biological 
function and thus be subject to a varying degree of purifying 
selection. Even in these genes, however, there may be a large 





Table 3 Times since gene duplication (T4), times since nonfunctionalization (T„) and rates of nucleotide substitution per site per year (b) for 
pseudogenes mouse #a3, human yal and rabbit y2 





Pseudogene a az a3, Ta Ta abin 
(Sequence A) Sequence B Sequence C (x107?) (107%) (x107%) (Myr) — (Myr) {x107 
Mouse ya3 Mouse al Human a, rabbit a 0.69 + 0.26 0.69 + 0.26 3.32+0.73 2746 23419 §.043.2 
Human yal Human a Mouse al,rabbite  0.74+0.27 0.67 + 0.26 2.5140,61 4928 45437 5.1433 
Rabbit 82 Rabbit £1 Human £, mouse B™” 0.71 40.27 0.51+0.22 2.09+0.51 4448 44* 3.6* 
Average 0.71 0.62 2.64 4.6 


ay, @2 and a; refer to the rates of nucleotide substitutions for the first, second and third positions of codons in the functional genes, respectively. 
* We were unable to compute a proper standard error for this estimate, because T,, was assumed to be equal to Ty (see text). 
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number of mutant forms (nucleotide sequences) that are equally 
functional and fit in adaptation. All these mutant forms will be a 
source of neutral evolution. 

This work was supported by grants from the NIH and NSF. 
Note added in proof: After submission of this paper, we learned 
that Miyata and Yasunaga” estimated the rate of nucleotide 
substitution for mouse wa 3. Their estimate is higher than ours, 
because they did not exclude the middle part of the sequence. 
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It seems reasonable that quadrupeds should change gait from a 
walk to a trot to a gallop in such a way as to minimize their 
energy consumption, as human beings are known’ to change 
from a walk to a run at a particular speed (2.4 ms~*) below 
which walking requires less energy than running and above 
which the opposite is true. Thus by changing gait, human beings 
keep the energy cost of locomotion to a minimum as their speed 
increases. One reason this relation holds is that in humans, 
metabolic rate increases curvilinearly with walking speed’. If 
metabolism were a curvilinear function of speed within each of 
the gaits used by quadrupeds, it would support the hypothesis 
that they also change gait to minimize energetic cost. There is an 
old controversy about whether metabolic rate increases linearly 
or curvilinearly in running humans’” but all previous reports 
have suggested that metabolic rate increases linearly with speed 
in quadrupeds. Extended gaits were an important experimental 
tool in the study of human gait changes; thus we have trained 
three small horses (110-170 kg) to walk, trot and gallop on a 
motorized treadmill, and to extend their gaits on command. We 
report here that, using measurements of rates of oxygen 
consumption as an indicator of rates of energy consumption, we 
have confirmed that the natural gait at any speed indeed entails 
the smallest possible energy expenditure. 

Rate of oxygen consumption increased curvilinearly with 
speed for walking and trotting (Fig. 1). We were unable to obtain 
sufficiently high galloping speeds to evaluate whether rate of 
oxygen consumption also increased curvilinearly during a 
gallop. Transitions between gaits normally occurred at the 
speeds where the curves intersected and oxygen consumption 
was the same for the two gaits. When the gaits were extended 
beyond their normal range of speeds, oxygen consumption was 
higher in the extended gait than in that which the animal would 
normally be using. For example, horse B normally walked at a 
speed of 1.25 ms™. When trotting at 1.25 ms”', the rate of 
oxygen consumption was 1.5 times that measured during a walk. 





*To whom correspondence should be addressed at: Department of Biological Sciences, 
California State Polytechnic University, Pomona, California 91768, USA. 
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Fig. 1 Steady-state rate of oxygen consumption as a function of speed for a 
walk, a trot and a gallop in three small horses. The horses normally changed 
from walk to trot, or trot to gallop at the point where rate of oxygen 
consumption was the same in the two gaits. We were able to train the animals 
to extend their gaits to speeds where they would have normally used a 
different gait. The data from the extended gaits accentuated the curvilinear 
nature of the relationship between rate of oxygen consumption and speed 
within a gait, Linear regression provided a good fit of the data if we omitted 
measurements made when animals used extended gaits. The least-squares 
regressions and coefficients of determination (r?) are: horse A, Vo, = 
~1.22+14.4 v, r°=0.99; B, Vo, =2.68+15.0-», P098, C, Vo™ 
—8.61 +22.2 - v, r° = 0.98 where Vo, is ml O, s™ and v is velocity in ms". 
We considered that a steady-state oxygen consumption was achieved when 
we recorded a constant rate of oxygen consumption for at least 5 min, At the 
speeds used here, steady-state was never reached during the first 6 min of 
measurement, thus all measurements at a given speed were made for at least 
11 min. During these measurements, air temperature averaged 21 °C and air 
speed was approximately matched to tread speed. The animals wore loose- 
fitting masks which allowed capture of all expired gases. Rates of gas flow 
through the mask were varied from 150i min™! to 1,3001min™* during 
different runs to produce excurrent oxygen concentrations between 20,6 and 
20.1%. During the runs the laboratory was ventilated by a large fan and 
ambient oxygen concentrations remained constant at ~20.9%. Previous 
studies of horses, including pony B of ref. 4, found nochange in blood lactate 
levels when animals ran on a level treadmill at speeds up to 10 ms”; 
therefore we conclude that there is no anaerobic contribution to energy 


consumption at speeds <7 ms7'. 


There was a speed for each gait where the amount of oxygen 
used to move a given distance {rate of oxygen consumption 
divided by speed) reached a minimum value (Fig. 2). This speed 
represents one that is energetically optimal for each gait. The 
minimum values were about the same for a walk, a trot and a 
gallop. Therefore, the amount of energy consumed by a horse to 
move a given distance is the same at these optimal speeds. 

To determine whether animals normally moved at energetic- 
ally optimal speeds, we measured speeds and gaits of a horse as it 
moved freely over a marked grid. We found that the horse 
selected speeds within each gait around the energetically opti- 
mal speed (Fig. 2). Pennycuick” has observed ‘that migrating 
African animals use only a restricted range cf speeds within each 
gait. This suggests that these animals might also be using an 
energetically optimal speed for each gait. 

Linear regression of the data provides a reasonable fit to the 
relationship between oxygen consumption and speed if one 
disregards the data obtained when the animals had abnormally 
extended gaits (r° =0.98). In fact-the curvilinear relationship 
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Fig.2 The oxygen cost to move a unit distance (rate of oxygen consumption 
divided by speed, calculated from data in Fig. 1) declined to a minimum and 
then increased with increasing speed in a walk and trot. It also declines to a 
minimum in a gallop, but we were unable to obtain sufficiently high galloping 
speeds to observe any increase at high galloping speed if it occurred. The 
minimum oxygen cost to move a unit distance was almost the same in all 
three gaits. The histogram shows gaits where horse B was allowed to select 
her own speed while running on the ground. She chose three speeds which 
coincided with the energetically optimal speed for each gait. On a motorized 
treadmill, the animal must move at the speed of the tread, but note that when 
running on the ground, there were ranges of speeds which the animal never 
used for any sustained period. 


can only be observed when great care is taken to avoid any 
source of variability in the data. Therefore, it seems useful to 
continue to use a single linear relationship between rate of 
oxygen consumption and speed for comparative studies of 
energetics of locomotion. 

We conclude that horses, like humans, change gait and select 
speed within a gait ina manner that minimizes energy consump- 
tion. Observations of speeds used by migrating African animals? 
suggest that this finding may also apply generally to terrestrial 
animals. 

This work was supported by NIH grant 2RO1 AM18140-04, 
-05, -06 and NIH postdoctoral fellowship 5 F32 AM05658-01, 
-02. 
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Visna is a slow degenerative disease of the central nervous 
system (CNS) of sheep caused by a nontumorigenic retrovirus’. 
During the course of this disease, visna virus establishes a 
persistent infection of the CNS, lung and haematopoietic 
system, despite a specific humoral and cellular immune 
response. We have studied visna virus life cycle at the single-cell 
level in choroid plexus of experimentally infected animals, using 
a very sensitive and quantitative in situ hybridization assay’. We 
report here that although proviral DNA is synthesized in 
significant amounts, its expression is blocked at the tran- 
scriptional level. This restriction of proviral DNA transcription 
offers an explanation for the slowness of the disease and the 
persistence of the infection. 

Two aspects of visna infection are relevant to the question of 
slowness and persistence. First, the virus is predominantly cell- 
associated, especially in the blood; second, the amount of virus 
present at any time during the course of the disease is minimal’. 
This limitation in virus growth is not a consequence of the 
immune response because it is observed before virus-specific 
antibodies can be detected, and because immunosuppression of 
infected animals does not lead to a higher titre of virus’. 
Restricted virus replication therefore seems to be an intrinsic 
property of the virus—cell interaction in the tissues of the animal 
(in vive). This in vivo situation is in sharp contrast to virus 
replication in ovine cells grown in vitro, where the virus grows 
to high titre and causes a characteristic cytopathic effect that 
culminates in cell death 48-72 h after infection. 

The first clue to the mechanism of restriction of replication in 
vivo was revealed by studies which showed that proviral DNA 
can be detected by in situ hybridization in a significant fraction 


of the cells in the choroid plexus, but that only an occasional cell 
contains the major structural viral polypeptide p30 as detected 
by immunofluorescence*. This restriction of proviral DNA 
expression provided an explanation for the persistence of the 
infection: the immune defence mechanisms are unable to 
eradicate the infection because the virus persists intracellularly 
in cells that do not express viral antigens. Therefore, an under- 
standing of the mechanism of restriction of viral gene expression 
is central to the study of visna pathogenesis. 

We chose to study viral replication in the choroid plexus 
because histopathological lesions of visna always predominate 
in this tissue as well as in the periventricular areas of the brain’, 
and because persistent infection of the choroid plexus has been 
clearly documented by isolation studies’. Although it is a rela- 
tively simple structure, the choroid plexus consists of various cell 
types (cuboidal epithelium cells, fibroblasts, endothelial cells 
and smooth muscle cells) interspersed with large numbers of 
inflammatory cells characteristic of visna lesions. Because of this 
complex setting and the possibility of local variations in the 
extent of infection, virus replication must be studied at the 
single-cell level. Viral protein synthesis was assessed by 
immunofluorescence using an indirect assay and the labelled 
avidin-biotin method of detection®. Virus nucleic acids were 
quantitated in single cells in histological sections by in situ 
hybridization’ modified for the detection of proviral DNA as 
described in Fig. 1 legend. This assay will detect 1 to 2 copies of 
viral RNA and 10 copies of proviral DNA per cell after three 
weeks of autoradiographic exposure (10 grains per cell above 
background). l 

Three American lambs were inoculated intracranially with 
10° plaque-forming units (PFU) of visna virus strain 1514. The 
inoculum (1 ml) was deposited in the vicinity of the lateral 
ventricule. A large inoculum was chosen to infect a maximum 
number of cells at the site of inoculation. The animals were 
killed between 7 and 15 days after inoculation, and the choroid 
plexi removed. Inflammatory lesions typical of visna were 
observed in all cases. A portion of choroid plexus was frozen, 
subsequently sectioned in a cryomicrotome and assayed for viral 
nucleic acids and proteins. Examples of the results obtained by 
in situ hybridization are shown in Fig. 2. Proviral DNA and viral 
RNA were readily detected in these sections. In all cases where 
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the cells could be unambiguously identified, viral nucleic acids 
were present only in cuboidal epithelium cells; they were not 
found in vessels, connective tissue cells or inflammatory 
mononuclear cells. 

The fraction of choroid plexus cells carrying proviral DNA 
and viral RNA was determined (Table 1); values range between 


> 


Grains per min per cell x 10% 
n 





100 200 300 


No. of proviral DNA copies per cell 


Fig.1 Relationship between the amount of proviral DNA per cell 
and the number of autoradiographic grains developed after in situ 
hybridization. Sheep choroid plexus cells grown in vitro were 
infected with 3 PFU of visna virus per cell. At various times after 
infection (10, 14, 23, 48 and 72h), the cells were collected and 
subjected in parallel to in situ hybridization and determination of 
proviral DNA content by liquid hybridization’. For in situ hybri- 
dization microscope slides were treated with bovine serum albu- 
min, Ficoll and polyvinyl pyrrolidone as described elsewhere’. The 
cells were deposited on treated slides using a cytocentrifuge, air 
dried for a few minutes and fixed for 4 min at ~20°C in a mixture of 
methanol and acetone (1:2, v/v). The slides were treated with HCI, 
heat and proteinase K as described elsewhere’. RNA was eli- 
minated by treating the slides for 30 min at 37°C with 100 pg ml”! 
of RNase A and 10 units ml7' of RNase T, in 2 x SSC (0.3 M NaCl, 
0.03 M Na citrate, pH 7.5), followed by two washes in 2 x SSC and 
dehydration in graded ethanol. To ensure maximal retention of 
viral DNA, the slides were refixed in 5% formaldehyde at room 
temperature for 2 h, then washed twice in 2 x SSC and dehydrated 
in graded ethanol. DNA denaturation was achieved at 65°C for 
15 min in 95% deionized formamide, 0:1xSSC followed by 
quenching in ice-cold 0.1 x SSC. The slides were washed twice 
more in 0.1 x SSC and dehydrated in graded ethanol. Hybridiza- 
tion in situ was as described elsewhere” except that the concen- 
tration of cDNA was 0.8 ng pl”'. Washing of the slides, dipping in 
NTB-3 Kodak emulsion and exposure was as described else- 
where’. The slides were exposed for 3 weeks (10-h infected cells), 
11 days (14 and 24-h infected cells) and 48 h (48 and 72-h infected 
cells). An average of 1,500 grains were counted for each slide; the 
extent of in situ hybridization was expressed as number of grains 
per min of exposure time per nucleus. Uninfected cells were 
processed in parallel for the determination of background. The 
background was 1.7 x 107* grains per min per nucleus. 


1 and 3%. For a given animal the same fraction of cells 
contained proviral DNA and viral RNA. Table 1 also shows 
averaged values of proviral DNA and viral RNA content per 
cell. The distribution of values for individual cells is shawn in 
Fig. 3. On average, infected cells contained 60-70 copies of 
proviral DNA per cell. Although the values are spread over a 
relatively broad range, cells containing levels of proviral DNA 
comparable to those observed at the end cf the permissive cycle 
(200-300 copies per cell (B. Traynor, personal communication)) 
were extremely rare (Fig. 3). The average content of viral RNA 
in the tissues varied between 100 and 189 copies of 355 RNA 
genome equivalents, and the distribution of RNA content 
among cells was relatively narrow, with almost no cells contain- 
ing more than 500 copies. These values are almost two orders of 
magnitude below the level of RNA synthesis observed at the end 








Fig. 2 Detection of proviral DNA (a) and viral RNA (b) in 

sections of choroid plexus from experimentally infected sheep. The 

figure shows one representative field in each case. Exposure times 
were 3 weeks (a) and 48 h (4). 





Table 1 Numbers of choroid plexus cells carrying proviral DNA and viral RNA 





Viral DNA 
No. of positive cells 


Viral RNA 
No. of positive cells 


Average no. 





of copies per cell* % Of cells 
Sheep Days after Total no. of cells Total no. of cells containing viral 
no. inoculation (%) (%) Viral DNA Viral RNA proteins 
927 7 142/1.5 x 104 (0.9) 325/2.5 x 10* (1.3) 61 177 9 
1 10 156/1.5 x 10° (1.0) 394/2.5 x 10° (1.6) 74 129 0.0025 
924 15 429/1.5 x 104 (2.8) 684/2.5 x 10° (2.7) 61 105 0 


a ac er ae ae ea ta E AEA 
The number of cells positive for viral DNA was measured after 6 weeks of autoradiographic exposure, and for viral RNA was measured after 3 
weeks of exposure. Total number of cells was estimated from the number of cells within the area of a reticle and the ratio of the area of the reticle to that 
of the section. Percentage of cells containing viral proteins was determined by immunofluorescence® using anti-p30 serum. 
* One copy corresponds to a MW of 6 x 10° double-stranded proviral DNA or 3 x 10° single-stranded viral RNA. 
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Fig. 3 Distribution of proviral DNA and viral RNA content 
among choroid plexus cells in vivo. The choroid plexus of three 
experimentally infected animals were examined by in situ hybri- 
dization, The autoradiographic exposure times were 3 weeks and 
48 h for proviral DNA and viral RNA detection, respectively. In 
each case a representative section (~12 mm’) was systematically 
scanned under the microscope at a magnification of x1,000. The 
number of grains per cell was counted for each positive cell. The 
number of genome copies per cell was determined from calibration 
curves (see Fig. 1 and ref. 2). The histograms were constructed by 
grouping copy numbers to the nearest multiple of 10. 


of a permissive cycle («10,000 copies per cell’), Hybridization 
to proviral DNA was totally dependent on denaturation and was 
sensitive to pretreatment with DNase, therefore ruling out the 
possibility that the hybrids observed in the DNA assay were due 
to residual viral RNA. Immunofluorescence was carried out on 
subjacent sections of choroid plexus from the same animals; no 
convincingly positive cells were detected in two animals. A 
positive cell was occasionally found in the choroid plexus of 
sheep no, 1 (Table 1). 

This quantitative analysis of viral replication in the choroid 
plexus demonstrates the following: (1) visna virus infects 
cuboidal epithelial cells. (2) Despite a relatively large inoculum 
deposited in the vicinity of the choroid plexus, the proportion of 
cuboidal choroid plexus cells infected is relatively low (*1%). 
(3) The level of viral RNA expressed in these cells is minimal. 
Infected cells constitute a fairly homogeneous population of 
cells containing 100-200 viral genome equivalents. In this 
respect these cells are similar to in vitro infected permissive cells 
arrested at a very early stage of the viral life cycle. Although they 
contain relatively high levels of proviral DNA (60-70 copies per 
cell), their RNA content is about two orders of magnitude lower 
than during a permissive viral replication cycle. This shows that 
the restriction of proviral DNA expression is regulated, at least 
in part, at the transcriptional level. (4) Choroid plexus cells do 
not contain viral structural proteins as determined by 
immunofluorescence. 

These results represent a new step in the understanding of 
visna pathogenesis. Two characteristic aspects of this disease are 
the low level of virus expression and the persistence of the 
infection for long periods of time in spite of an immune 
response. Here we have documented the restriction of virus 
expression at the single-cell level. Minimal virus production is 
due to the limitation of the infection to a small fraction of the 
cells and the existence in these cells of a block at the level of 
proviral DNA transcription. We propose that restricted proviral 
DNA expression plays a part in two aspects of visna patho- 
genesis. First, it provides a damping mechanism which prevents 
the rapid spread of the infection and its expression as an acute 
disease and also limits the damage caused by viral replication to 
individual cells. (Indeed cell necrosis is conspicuously absent in 
visna, particularly during the early incubation period®,) Second, 
it allows the virus to persist: cells which are not killed as a result 
of the infection and which do not express viral antigens at their 
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surface provide the virus with a site where it can persist without 
being detected and eradicated by the immune defence 
mechanisms. 
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The evolution towards more aggressive and autonomous 
behaviour of many cancerous tumours, often referred to as 
tumour progression‘, is thought to stem from the development 
of heterogeneity within the tumour cell population, combined 
with the continuous selection of progressively more malignant 
cellular phenotypes”’. During the course of the disease, the 
tumour cells show multiple phenotypic changes in a stepwise, 
but apparently random fashion, becoming more anaplastic, 
increasingly independent of growth controls and more meta- 
static’. Several laboratories, including our own, have analysed 
aspects of tumour heterogeneity and cancer metastasis by sel- 
ecting and studying the properties of lectin-resistant (Lec?) 
membrane mutant tumour sublines**; in a few cases, such 
variants have been claimed to be less tumorigenic™® or meta- 
static™® than the parental cells from which they were derived. 
We have attempted to study the factors involved in the re- 
establishment of tumour heterogeneity by monitoring the 
stability in vivo of Lec? phenotypes of metastatic tumour cells 
after injection of cloned Lec? tumour cells. We now report that 
spontaneous metastases arising after a subcutaneous (s.c.) 
injection of cells from variant tumour lines selected from a 
highly metastatic DBA/2 mouse tumour known as MDAY-D2’, 
and which were stably resistant in tissue culture to wheat germ 
agglutinin (WGA), no longer carry the WGA-resistant 
(WGA®) phenotype. The results demonstrate that WGA" 
tumour cells do not metastasize, but rather, ‘revertants’ for the 
WGAF phenotype, which presumably were generated in vivo 
after injection, were the cells actually capable of metastatic 
growth. 

The cloned WGA" variant subline MD W4 was selected from 
the parental MDAY-D2 tumour line by its ability to grow in 
normally toxic concentrations (for example, 20-50 ug ml") of 
WGA, We have previously shown that MD W4 carries a second 
phenotypic marker—a deficiency of fucose salvage (fucose 
salvage”) caused by a block in the conversion of fucose-1-P to 
GDP-fucose®. These phenotypes seemed to be remarkably 
stable in MDW4 cells maintained in tissue culture for more than 
2.5 yr (Fig. 1). A second variant cell line, MDOW-2b, was 
sequentially selected for its ability to grow in high concen- 
trations of the toxic membrane-active drug ouabain? (3 mM) 
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Fig. 1 Stabelity of the WGA” phenotype of the MDW4 tumour clones 
maintained in tissue culture. Tamour cells were grown m tiesus culture in 
a-MEM (Flow) plus 10% fetal calf seram with subculturing every 3~5 days. 
The wes tested for the ability to grow in the presence of 
WGA; A, 10 July 1978; @, 6 December 1978; W, 10 June 1980; CI 1 
October 1980, MD W4 cella were seeded at 3 x 10° cells mi“? in the presence 
of 0, 2, 5, 10, 20, 30 and 50 pg mi~! WGA and were grown in otto until 
those seeded in the absence of WGA had reached confluence (7-9 days), 
after which cell numbers were determined in oech culture. The revertant, 
WGA-sensitive (WGA) phenotype of the tumour Hines obtained from 
metastases and maintamed in tissue culture also remained unchanged for the 
reverted phenotypes after more than 6 months MDW4-22a cells wore 
tested on 22 August 1980 (O) and again on 10 January 1981 (x) The 
WGA® profile of the parental MDAY-D?2 cells is shown in Fig 2, and has 

also beon described previously”. 


and WGA (20 pg ml~’). MDOW-2b did not possess the fucose 
salvage phenotype. 

As reported previously’, WGA® variants of MDAY-D2 grew 
and metastasized in an altered way in the syngeneic DBA/2 
host. Thus, a s.c. injection of 10° MDAY-D2 tumour cells 
produced visible foci of tumour growth in the liver within 2 
weeks of injection. In contrast, no liver metastases were evident 
2 weeks after a s.c. injection of 10° cells of either MDW4 or 
MDOW-2b. The number of metastatic nodules, at death, in the 
livers of mice which had received 10° MDW4 cells s.c. ranged 
from 0 to 90, whereas mice which died after injection with the 
same dose of MDAY-D2 cells had almost complete liver 
replacement with tumour tissue (that is, the number of tumour 
foci were excessive and not discrete, and therefore not easily 
counted)’. An intravenous (i.v.) injection of 10° MDW4 cells 
results in no tumour takes, whereas l.v. injection of as few as 10 
MDAY-D2 cells results in widespread metastases, similar to 
that observed after s.c. injections. Mice succumbed to the 
WGA®* variants in ~60 days, while the parental tumour 
MDAY-D2 killed the mice in 35 days (Table 1). We concluded 
from these results that the WGAP variants, although still 
malignant, were less so than the parental MDA Y-D2 tumour’. 

Due to the potential ability of tumour cells to change pheno- 
types and become progressively more malignant in animals”®, it 
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was not immediately clear whether the few metastases produced 
by a s.c. injection of the WGA® variants was indicative of an 
inherently less metastatic tumour line, or of an essentially 
non-metastatic line which, as a result of the generation and 
selection of more malignant variants in vivo, showed limited 
metastasis of these new variants. If ousbain-resistant (Oua"), 
WGA” and/or fucose salvage” phenotypes were related to a 
reduction in the metastatic potential of the tumour cells, then 
from the first hypothesis we could predict that metastases would 
retain the same phenotypes as the injected cells. Conversely, the 
latter hypothesis would predict that metastases would show a 
high incidence of revertant phenotypes. To examine this ques- 
tion, solid tumours at the site of injection and individual spon- 
taneous metastases from DBA/2 mice which had been injected 
with either MDW4 or MDOW-2b cells were removed and 
re-established as tissue culture lines. The tumour cells were 
removed from single, discrete metastatic foci obtained from 
liver, kidney, brain, spleen or intestine. 

Tumour cells at the site of injection and metastases resulting 
from a s.c. injection of MDOW-2b tumour cells retained their 
Oua? phenotype but were revertant for WGA® (Fig. 2). Reten- 
tion of the Oua? phenotype indicated that the tumour nodules 
originated from the Injection of MDOW-2b cells and were not 
new tumours, induced in situ’’. Similarly, all metastases resul- 
ting from s.c. MDW4 cells were revertant for the WGA? and 
fucose salvage” phenotypes, two characteristics of tumour cells 
which have previously been suggested to influence metastatic 
capacity *'* (Table 1). The reverted phenotype of the tumour 
lines derived from metastases were stable as they remained 
unchanged after more than 6 months in tissue culture (Fig. 1). 
Furthermore, injection of the cultured tumour cells established 
from metastatic foci resulted in rapid tumour growth (27-35 
days for 50% mortality) and the same metastatic pattern of liver 
replacement observed with the parental tumour MDA¥-D2 
(Table 1). 

In contrast to the metastases, not all the ‘primary’ s.c. growing 
solid tumours were complete revertants for both WGA® and 
fucose salvage” (Table 1). An inoculum of 10? MDW4 cells 
produced a solid tumour which was a ‘complete revertant’ 
(MDW4-11) while inocula of 10* and 10° MDW4 cells produced 
tumour cell populations at the site of injection which seemed to 
be only partially reverted for either the WGA” or fucose 
salvage” phenotypes. The finding that injection of a low dose of 
MDW4 cells resulted in a solid tumour which was a complete 
revertant (MDW4-11), while higher doses of MDW4 produced 
tumours at the site of inoculation which were only partially 
reverted for the WGA” and fucose salvage” phenotypes (a 
heterogeneous population of cells), suggests, but does not prove, 
that the revertants did not exist in the original inoculum of 
MDW4 cells, but arose later in the animals and were selected as 
a consequence of their superior ability to survive in vivo, Hence, 
it seemed that the MDW4 metastases were revertant for both 
WGA*® and fucose salvage”, even in the cases where the solid 
tumour displayed only a partially reverted phenotype; this 
suggests that the cells capable of metastasizing consisted of a 
small subpopulation of tumour cells originating at the site of 
inoculation and displaying revertant phenotypes. 

The results of the following experiment support this inter- 
pretation (Table 2). Intravenous injection of MDW4 cells, as 
already stated, even when as many as 10° cells are given, does 
not result in any tumour takes (Table 2). The same is true when 
nude mice are used as recipients (data not shown). However, if 
one mixes as few as 10 cells from a metastasis (designated 
MDW4-22a)—which arose in a DBA/2 mouse after s.c. 
injection of MDW4 cells—with 10° MD W4 cells, and injects the 
mixture i.v., 75% (n = 4) of the animals rapidly develop metas- 
tases and die within 4 weeks. In view of these results and the fact 
that the s.c. injection of as few as 100 MDW4 cells leads to 
WGA-#ensitive metastases (Table 1), it is difficult to argue that 
pre-existing cells revertant for the WGA®™ phenotype in the 
MDW4 cell line were entirely responsible for the reported 
findings. 
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Fig. 2) WGA and ouabain sensitivity of MDAY- 
D2, MDOW-2b and of cell lines established from 
spontaneous metastases removed from the liver of 
an MDOW-2b-bearing mouse. DBA/2 mice were 
given a s.c. injection of 10° MDOW-2b cells 
2 followed 60 days later by removal of tumour tissue 
3 i from the site of injection (MDOW-11) and three 
= i clearly discrete metastatic nodules found in the 
Zz 





liver (MDOW-21a, MDOW-21b, MDOW-21c). 
Tumour tissue removed from the mouse was 
minced, trypsin treated and the resulting cell 
suspension placed in tissue culture for at least 3 
weeks to allow tumour cells to outgrow host-derived 
\ cells. The established tissue culture lines were then 
10¢ 4 l ott tested for the ability to grow in the presence of either 
WGA (left panel) or ouabain (right panel) as 
described in Fig. 1 legend; W, MDAY-D2; ©, 
MDOW-2b; x, MDOW-11; 4, MDOW-21a; 0, 
k MDOW-21b; @, MDOW-21c. 





105 10 30 Vo 001 01 io 3 
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Several mechanisms can be envisaged for the generation of hybrid between Oua? and a wild-type cell results in a partial loss 
the revertant and more malignant phenotypes—classical genetic of Oua? in the resultant hybrid’, an event not observed for the 
mechanisms of back mutation, acquisition or loss of genetic metastases of MDOW-2b. We are now carrying out experiments 
material by the tumour cells, stable regulatory changes in gene to examine this possibility in more detail, and the other potential 
expression or somatic cell hybridization in vive between a mechanisms involved in the generation of the revertant pheno- 

‘tumour cell and a host cell. The last possibility has been demon- types in vivo. 
strated previously’ but seemed unlikely in the present situation The results demonstrate a need to examine the progeny, 
because Oua? is a co-dominant marker’, such that a somatic especially metastases, arising from an injection of selected 





Table 1 WGA® and fucose salvage” phenotypes of subcutaneous and metastatic tumour nodules 








WGA 3H-fucose/ 50% Liver 


resistance 3H-leucine* mortalityt metastases 

Cell line Source (mg ml™*) (c.p.m./e.p.m. x 107?) (days) at death 
MDW4-11 1°, 10° s.c. 2 1.70 £0.30 (195) 33 C 
MDW4-21a 2°, liver 2 Not tested 30 C 
MDW4-21b 2°, liver 2 1.91 +0.56 (220) 35 Cc 
MDW4-21c 2°, liver 2 1.70 + 0.28 (195) 32 Cc 
MDW4-12 1°, 10*s.c. 2 0.38 + 0.07 (44) 29 C 
MDW4-22a 2°, liver 2 0.73 40.18 (84) 30 Cc 
MDW4-22b 2°, liver 2 0.70 + 0.35 (81) 27 Cc 
MDW4-22¢ 2°, kidney 2 0.84 + 0.16 (97) 31 C 
MDW4-22d 2°, brain 2 0.71 +0.07 (82) 30 Cc 
MDW4-14 1°, 10% s.c. 2 0.08 + 0.03 (9) 32 Cc 
MDW4-24a 2°, liver 2 1.16 +0.11 (133) 34 Cc 
MDW4-24b 2°, liver 2 2,05 + 0.89 (236) 34 C 
MDW4-24c 2°, liver 2 1.842 0.37 (211) 35 C 
MDW4-13 1°, 10° s.c. 43 0.26 £ 0.1 (30) 30 C 
MDW4-23a 2°, liver 2 1.37 + 0.25 (157) 31 Cc 
MDW4-23b 2°, liver 2 1.27 + 0.28 (146) 29 Cc 
MDW4-23c 2°, spleen 2 1.18 + 0.09 (136) 33 Cc 
MDW4-23d 2°, gut 2 1.33 + 0,17 (153) 30 Cc 
MDAY-D2 Tissue culture line 5 0.87 +0.21 (100) 35 C 

MDW4 Tissue culture line 50 0.03 + 0.01 (3) 63 N(3-90} 


DBA/2 mice were given as.c. injection of the WGAS®, fucose salvage” tumour cells MD W4. Seven to ten weeks after the injection of 107, 10* or 10° MDW4 cells, tumour 
tissue at the site of injection (1°) and three or four secondary metastatic nodules (2°) were removed, minced with scissors, trypsin treated to make a cell suspension and 
established as tissue culture lines. The cell lines derived from metastases (2°), which are listed below each primary (1°), were removed from liver, lung, spleen, brain, kidney 
or intestine of the same mouse. The-concentration of WGA necessary to cause a 90% inhibition of tumour cell growth in tissue culture was determined as described in Fig. 1 
legend. 

Tumour cells, 10° in 200 plof culture medium, were pulse-labelled with 1 pCi of L-[6-*H]fucose (27 Ci mmol”) and with 1 pCi of 1.-[4, §-*Hleucine (60 Ci mmol!) in 
parallel for 16 h at 37 °C. Acid-precipitable material was washed three times in 10% trichloroacetic acid followed by solubilization and determination of radioactivity. The 
ratio of fucose to leucine was determined for each cell line and the numbers in parentheses are *H-fucose to *H-leucine ratios expressed as a percentage of the 3H-fucose to 
3H-leucine ratio for MDAY-D2. The results are the mean of three determinations performed in duplicate +s.d. 

+ Twelve DBA/2 mice were given s.c. injections of 10° MDW4 or MDAY-D2 cells and the number of days required for 50%. of the animals to succumb to the tumours 
was recorded. For each of the 1° and 2° tumour cell lines, four DBA/2 mice were used for the 50% mortality determinations. The tumour lines were maintained in tissue 
culture for at least a month before assessing their malignancy. i P : f 

t Tumour infiltration of the liver was examined at death and described as confluent with tumour (C) or infiltrated with a limited number of nodules (N); the range is 


indicated in parentheses. 
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Table 2) Tumour takes in DBA/2 mice injected intravenously with MDW4 and 
cells from MDW4 metastases 





Tumour takes per 


Tumour cells injected no. of mice injected 


MDW4 (10°) 0/8 
MDW4 (10°) + MDW4-22a (10) 3/4 
MDW4 (10°) + MDW4-22a (107) 4/4 
MDW4-22a (107) 4/4 


DBA/2 mice were given a single iv. injection of MDW4, MDW4-22a or a 
mixture of the two cell lines, and tumour growth was determined at death by 
autopsy. Animals with tumour died 25-35 days after tumour injection. Those that 
survived were found to be tumour ree 4-5 months after inoculation. MDW4-22a 
refers to a cell line established from a liver metastasis which had been removed 
from an animal previously injected s.c. with MDW4 cells. The numbers in 
parentheses refer to the number of cells injected iv. 


tumour variants to determine whether or not they are pheno- 
typically the same as the cells injected, especially when the 
selecting agent seems to influence the malignant potential of the 
variant (WGA). Tumour variants selected in vitro which dis- 
play a decreased malignant potential are apparently subject 
to the forces which generate tumour heterogeneity in vivo. 
Consequently, revertant and more malignant phenotypes may 


arise relatively quickly when the cells are injected into animals. 
Our work extends the results of Tao and Burger®, whe have 
shown that WGA® variant tumour cells are often poorly meta- 
static. We have demonstrated that the WGA® variants may be 
non-metastatic and that the WGA" tumour cells must undergo 
phenotypic alterations, including a reversion of WGA", before 
metastasis can occur, 

We thank Drs Louis Siminovitch and Victor Ling for helpful 
discussions and Mrs B. Fluhrer and Mrs Janie Barr for 
secretarial assistance. This work was supported by the NCI of 
Canada, of which R.S.K. is a Research Associate. 
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A single dominant gene determines 
susceptibility to a 
leukaemogenic recombinant retrovirus 


Robert S. Schwartz & Raman H. Khiroya 


Department of Medicine, Tufts University School of Medicine, 
Boston, Massachusetts 02111, USA 


The production of recombinant retroviruses is an important 
episode in the natural history of thymic leukaemia in AKR and 
HRS/J (hr/hr) mice’, These viruses apparently originate from 
ecotropic and xenotropic precursors in the late preleukaemic 
stage of the disease. Analyses of their structural proteins’ and 
genomic oligonucleotides”* indicate that they arise by recom- 
bination of env genes of the precursor viruses. This event leads 
to a viral envelope glycoprotein (gp70) with some peptides that 
have features of the gp70 glycoproteins of ecotropic and xeno- 
tropic viruses, and others that are unique for each recombinant 
virus***, The former property explains the broad host range of 
recombinant viruses, and hence their designation as dual tropic’ 
or polytropic’ viruses. It has been postulated that the unique 
aspect of each recombinant’s gp70 determines the phenotypes 
of leukaemic cells’. Polytropic viruses may be highly thymotro- 
pic. Their systemic administration results in an infection that 
confines itself virtually to the thymus**. Moreover, these viruses 
are leukaemogenic whereas their precursors are not, or only 
weakly so**”, The leukaemogenicity of polytropic viruses is, 
however, restricted to certain inbred strains of mice**. The 
HRS/J isolate PT V-1 is leukaemogenic in HRS/J and CBA/J 
mice, but not in SWR/J or NIH/Swiss mice*. The experiments 
described here demonstrate that a single dominant gene permits 
infection of thymocytes by a leukaemogenic polytropic virus. 
CBA/J mice, which develop thymic leukaemia after infection by 
this virus, posesses this gene, whereas leukaemia-resistant NFS 
mice lack it. 

Figure 1 shows the results when newborn mice were inocu- 
lated with 10°-10* focus-forming units (FFU) of a cloned poly- 
tropic virus, PTV-1. This thymotropic virus is leukaemogenic in 
CBA/J, but not in NIH/Swiss mice or their inbred counterpart, 
NFS (ref. 3 and unpublished observations). Its gp70 and 
genomic RNA are typical of a recombinant virus’. The mice 
were killed 4-6 weeks after inoculation and the levels of poly- 
tropic virus in their thymuses were measured by an infectious 
centre assay’. Polytropic virus is undetectable in uninoculated 
animals of the strains used in these experiments’. 


CBA/J mice were readily infected by PTV-1, whereas NFS 
mice had either low or undetectable levels of virus. F, mice 
behaved like CBA/J mice, Susceptibility to PTV-1 is therefore a 
dominant trait. The upper limit of resistance (100 FFU per 10” 
thymocytes) was defined by the mean +2 s.d. of the results in 
NFS mice and the lower limit that defined susceptibility (440 
FFU per 10’ thymocytes) was taken as the mean —2 s.d. of the 
results in CBA/J mice. The 66 backcrosses to the NFS parent 
segregated, by these standards, into susceptible and resistant 
mice in a ratio of 38; 28. This ratio is not significantly different 
from 33:33 (x° = 0.88, P> 0.1). The corresponding ratio in 61 
F, mice was 44:17, which is not significantly different from 
45:15 (3:1) (x? =0.14, P>0.1). Exclusion of the eight F, mice 
with intermediate values (between 100 and 440 FFU per 107 
thymocytes) does not change the significance of the result 
(x? = 0.53, P > 0.1). All backcrosses to the CBA/J parent were 
susceptible. These results are consistent with the conclusion that 
a single dominant gene confers susceptibility to infection by 
PTV-1. We shall refer to this gene as PTV“. 


A ese 
À ade 
te 





1904 . P k 
: : : 4 
we 3t 
: $ A 
H i H 
: $ 
: rr) 
8 . F Ga : 
Z 103 t . tt 
A to : the 3 
m + + 
‘ 
a i 
= 
£ 
n 
z s : 
A i 
Å jo? 
2 : 
ra X 4 
j i 
<io L wenn enn BAe Erren 
CBA NFS F, F NFS Fe Fx CBA 


Fig. 1 Results of infection with PTV-1, Mice were injected 
intraperitoneally with 10°-10° FFU of PTV-1 within 24 h of birth. 
The animals were killed 4-6 weeks later and cell suspensions 
prepared from their thymuses. These cells were tested by an 
infectious centre assay’ on mink lung cells (CCL64), X-C negative 
viruses capable of infecting both mink and mouse (NIH 3T3} cells 
were detected in all CBA/J mice injected with PTV-1. Neither 
mink-tropic nor mouse-tropic viruses can be detected in age- 
matched uninjected CBA/J or NFS mice. 
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Table 1 Results of infection with ETV-1 (cloned ecotropic retro- 
virus’) 
CBA NFS 
ETV-1 3.30.7 3.51.2 
PTV-1 310.4 0.9+0.5 


Mice were injected intraperitoneally with 10°-10* FFU of ETV-1 
within 24 h of birth. The animals were killed 4-6 weeks later and 
thymocytes were tested in an infectious centre X-C assay’. Values for 
ETV-1 are expressed as logy) X-C plaques/10” thymocytes + s.e. Data 
for PTV-1 are taken from Fig. 1. 


The mechanism whereby PTV’ confers susceptibility to PTV- 
1 is unknown. Its action is specific for the polytropic virus, 
because NFS mice are as susceptible as CBA/J mice to infection 
by a cloned ecotropic virus (Table 1). The effect of PTV’ does 
not seem to be immunological because CBA/J and NIH/Swiss 
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mice produced comparabie levels of antiviral antibodies after 
neonatal infection with either PTV-1 or an ecotropic virus 
(unpublished observation). We favour the view that this gene 
specifies a receptor on thymocyte surface membranes for the 
constant region® of recombinant gp70 because that glycoprotein 
is a major determinant of viral host range''. The specificity of 
PTV“ for the recombinant virus (Fig. 2) supports this inter- 
pretation, as the only known difference between viruses of this 
type and ecotropic viruses is in the gp70 (refs 3,4,6). We cannot 
exclude an effect that would be analogous to that of Fv-1, which 
acts after penetration of the virus’?. This possibility seems 
unlikely, however, because PT V-1 readily infects NIH 3T3 cells 
in vitro’. Finally, the present results support the view ** that the 
highly selective thymotropism of certain polytropic viruses is an 
important factor in their leukaemogenicity. 
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Immune responses have been described for many different 
insect species’. However, it is generally acknowledged that 
insects lack lymphocytes and immunoglobulins and their 
immune systems must therefore differ from those of vertebrates. 
An effective humoral immune response has been found in pupae 
of the cecropia moth, Hyalophora cecropia'. The expression of 
this multicomponent system requires de novo synthesis of RNA 
and proteins’ and its broad antibacterial activity is due to at least 
three independent mechanisms’, the most well known of which 
is the insect lysozyme*”’. However, this enzyme is bactericidal 
for only a limited number of Gram-positive bacteria. We 
recently purified and characterized P9A and P9B, which are two 
small, basic proteins with potent antibacteral activity against 
Escherichia coli and several other Gram-negative bacteria’. We 
believe that P9A and P9B play an important part in the humoral 
immune responses described previously’ and that the P9 pro- 
teins represent a new class of antibacterial agents for which we 
propose the name cecropins. We describe here the primary 
structures of cecropins A and B. We also show that cecropin A is 
specific for bacteria in contrast to melittin, the main lytic 
component in bee venom’ which lyses both bacteria and 
eukaryotic cells. 

A two-step chromatographic purification of cecropins A and 
B has been recently described’. This purification was improved 
for sequence work by first using gel filtration on Sephadex G100. 

The tentative sequences of both cecropins are given in Fig. 1. 
Residues 1-33 were obtained by automated Edman sequence 
analysis and the order of the C-terminal residues 34-37 was 
deduced from carboxypeptidase Y degradations. This part of the 
sequence is tentative until confirmed by an independent 
method. The C-terminal Lys and Ser residues could only be 
detected after acid hydrolysis of the carboxypeptidase digest; 
therefore we conclude that the C-terminals are blocked. 


The cecropins have very similar overall structures. The N- 
terminal sequences (residues 1-10) are strongly basic and the 
central regions (residues 22-30) strongly hydrophobic. The 
amino acid compositions obtained from the sequences and from 
automated analyses are compared in Table 1. The agreement 
between the two sets of data support the structures shown in Fig. 
1. Further evidence for the sequences was obtained by partial 
cleavage of cecropin A at residue 17 using acid hydrosis'° and 
isolation of the C-terminal fragment by high-voltage elec- 
trophoresis. The amino acid composition of this peptide was in 
agreement with the structure given in Fig. 1. Cecropin B was 
cleaved by cyanogen bromide at the single methionine in posi- 
tion 11 and the resulting fragments analysed. This analysis 
confirmed the order and identity of residues 1-33 but despite 
several different approaches, we have failed to obtain Edman 
sequencing data for residues 34-37. 


Table 1 Amino acid compositions of cecropins A and B 





Amino Cecropin A Cecropin B 
acid Analysis Sequence Analysis Sequence 
Asp 2.01* 1 2.15" 0 
Asn 1 2 
Thr 1.07 1 0.33 0 
Ser 0.17 0 0.53 1 
Glu 3.89” 1 1.95* 2 
Gin 3 0 
Pro 0.95 1 1.04 1 
Gly 4.05 4 4.07 4 
Ala 4.88 5 4.84 5 
Cys 0 0 0 0 
Val 3.31 4 2.47 3 
Met 0 0 0.80 1 
Tle 3.65 5 3.48 § 
Leu 1.09 1 1.95 2 
Tyr 0 0 0.10 0 
Phe 0.98 1 0.87 1 
Lys 6.42 7 6.75 7 
His 0.06 0 0.29 0 
Arg 0.94 1 1.98 2 
Trp = 1 — 1 
Total residues 37 37 





Amino acid composition of the acid hydrolysate (6 M HCI, 100°C, 
24h) of cecropin A was analysed at the Institute of Biochemistry, 
Uppsala, Sweden, The results are expressed as mol amino acid per mol 
protein. These values were calculated with a program that minimizes the 
deviations from integral numbers. 

* Including the corresponding amide. 
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Fig. 1 The tentative amino acid sequence for cecropins A and B. 
Replacements of amino acids within the first 33 residues are boxed 
by solid lines. The C-terminal part boxed by a broken line is 
tentative. R and R’ are unidentified blocking groups. The purified 
proteins used in sequence determination were obtained by collec- 
ting immune haemolymph 7 days after vaccination with live 
Enterobacter cloacae as previously described’. The haemolymph 
was applied to a Sephadex G-100 column equilibrated with 0.15 M 
ammonium acetate buffer, pH 5, containing phenylthiourea. The 
cecropins eluted together with the lysozyme. This material was 
pooled and further purified by ion-exchange chromatography’. 


Both forms of cecropin contain one residue each of Trp and 
Phe. On this basis the theoretical absorbance (Aso, 1 mg ml!) 
was calculated to be 1.39 and 1.38 for cecropins A and B, 
respectively, which agrees well with the respective values of 1.36 
and 1.31 determined experimentally, based on the protein 
concentration obtained from amino acid analysis. This means 
that an earlier value for cecropin A based on Lowry deter- 
mination’ must now be disregarded. 

The molecular weights (MWs) calculated from the sequence 
data (omitting the blocking groups) are 4,005 and 4,036 for 
cecropins A and B, respectively. Equilibrium centrifugation of 
cecropin A in 0.19 M ammonium formate, pH 6.5, gave a MW 
of 4,200+ 300, which indicates a monomeric form. Further- 
more, dimethylsuberimidate did not produce any cross-linking 
between cecropin molecules in conditions which showed melit- 
tin to be a tetramer. In contrast, gel filtration of cecropin A ona 
calibrated column of Sephacryl S-200 gave a MW of ~14,000. 
On Sephadex G-100, cecropins A and B eluted together with 
the lysozyme for which the MW was found to be 15,000 (ref. 7). 
Thus we cannot determine whether cecropin A is always a 
monomer. 

The following points emerge from the structure of the cecro- 
pins. First, the sequences obtained for cecropins A and B show a 
strong homology; they share 25 amino acid residues and differ in 
only 12. This suggests that both originate from a gene dupli- 
cation which may stretch only to residue 32. Assuming that the 
genetic code is universal, 7 out of 8 amino acid replacements in 
the first 32 residues can be explained by single shifts in the first 
base, while the remaining one, a GIn—Arg shift requires a single 
shift in the second base. More complicated genetic events are 
needed to explain the amino acid differences in the C-terminal 
part. 

Second, the cecropin sequences have been compared with 
various other known protein sequences and the greatest 


homology was found in residues 3-7 in ceeropin A (Lys-Leu- 
Phe-Lys-Lys)—these are identical to residues 40-44 in the 
major coat protein of the filamentous phages fd and fl (ref. 11). 
Homology was also found in residues 25-28 (Ala-Val-Ala-Val} 
which are also present in the signal peptide of the A receptor 
protein’. It is possible that these two sequences could be 
involved in the membrane-crossing activities of the respective 
proteins. 

Third, the amino acid composition and size of the cecropins 
are different from those of the bactericidal and basic proteins in 
polymorphonuclear leukocytes'* and from the antibacterial 
factors in seminal fluid", saliva’ and milk’. Thus we conclude 
that cecropins A and B differ from other known antibacterial 
proteins. Similar compounds have been found in many other 
Lepidoptera’’ and we suggest that the name-cecropin should be 
applied to all antibacterial proteins which show a substantial 
homology with cecropins A and B. 

We have previously shown that cecropins kill and lyse 
Escherichia coli and some other bacteria’. Using other methods 
we have now compared the biological activity of the cecropins 
with the bee venom toxin melittin (for a review see ref. 9). The 
nature of these two molecules is essentially similar; they are both 
small polypeptides with one part of the chain being strongly 
basic and one part predominantly hydrophobic. However, the 
C-terminal in melittin is basic, whereas it is the N-terminal that 
is basic in the cecropins. 

The antibacterial effects of haemolymph, lysozyme, melittin 
and cecropins A and B were tested on six different bacteria (see 
Table 2). Activity against all organisms tested was induced in the 
haemolymph by vaccination with Enterobacter cloacae. Both 
cecropins had similar antibacterial spectra, although the B-form 
was significantly more active against Bacillus subtilis. Melittin 
showed no antibacterial activity against Serratia marcescens and 
Xenorhabdus nematophilus and for the remaining bacteria it had 
a lower activity than the cecropins. Differences in activity 
against the various organisms in Table 2 must be interpreted 
with care as some of the bacteria can produce proteolytic 
exoenzymes. 

Figure 2 shows the bactericidal and lytic activities of cecropin 
A and melittin on E. coli D31 and on Chang liver cells. Melittin 
has a high lytic activity against both E. coli and the Chang liver 
cells whereas cecropin A was specific for the bacterial cells. Even 
at concentrations as high as 20 uM there was no detectable 
effect on the Chang liver cells, while a 300 times lower concen- 
tration gave 50% lysis of E. coli. The specificity of the cecropins 
agrees with earlier findings’ that immune haemolymph has no 
effect on sheep erythrocytes or insect tissue culture cells 
(unpublished data). 

We have drawn two conclusions from our experiments. First, 
that the cecropins are the main antibacterial components so far 
identified in immune haemolymph which act against potential 
insect pathogens like S. marcescens, Pseudomonas aeruginosa 


Table 2 Antibacterial activities of lysozyme, cecropins A and B and melittin 





Diameter of inhibition zone (mm) 





Organism Strain NH IH 
E. coli K12 D31 2.7* 13.2 
S. marcescens Db1108 PRA is 6.2 
P. aeruginosa OT97 2.7* 3.9 
X. nematophilus Xn21 27% 5.0 
Bacillus megaterium Bm11 2.7* 9.5 
E. coli K12 D31 13.0 
B. subtilis Bsli 3.2 


Lysozyme CecropinA  Cecropin B Melittin Blank 
2.7* 14.0 12.5 7.6 27" 
2.7* 7.6 72 27° 2T 
2." 8.6 9.7 4.0 20" 
2.7* 11.0 10.0 2I" 2,7" 
7.7 10.0 10.0 BO 2.7% 

18.0 17.0 
2.7* TA 





Antibacterial activity was recorded as inhibition zones on thin agar plates of a rich medium plus ~8 x 10* viable cells per 6m): As all strains are 
1), The concentration of cecropins A and B and melittin was 0.13 mM in all 
cases except the last two, where the cecropin concentration was 0.55 mM. The concentration of the cecropia lysozyme was 0.03.mM. The volume 
applied to each well was 3 ul. Normal haemolymph (NH), immune haemolymph (IH) and a blank with 0.4 M ammonium formate buffer were-wsed as 
references, IH, lysozyme and the cecropins were prepared as described in Fig. 1 legend. The diameter of the inhibition zones is proportional tothe log 


streptomycin resistant, all the plates contained streptomycin (100 pg ml” 


of the concentration of inhibiting agent‘. Well diameter 2.7 mm. 


* No inhibition was detected. 
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Fig. 2 Comparison of the action of cecropin A (squares) with 
melittin (circles) on E. coli D31 (open symbols) and Chang liver 
cells (closed symbols). Æ. coli (10° viable cells per ml) was 
incubated with the bacteriolytic agent at 37 °C in 0.1 M phosphate 
buffer, pH 6.4. After 30 min the tubes were put on ice and samples 
were withdrawn and diluted for viable count (given as per cent 
killing in the upper part of the figure). The remaining incubation 
mixture was centrifuged, and Azs of the supernatant was 
measured. Lysis is given as per cent of maximum release, corrected 
for the spontaneous release in buffer alone. Growth of strain D31 
and other details were as before’. Chang liver cells were cultured in 
Parker 199 medium containing 5% fetal calf serum (FCS). The 
cells were washed and labelled with Naz’ CrO, (0.1 mCi ml”) at 
37°C for 1 hina Tris- Hanks buffered solution containing 3% FCS. 
The monolayer was then trypsinated and washed R. Alsheikhly, in 
preparation). The lytic agent was added to 10° cells in 0.1 ml 
Tris-Hanks medium. The percentage of *'Cr in the supernatant 
was measured after a 2-h incubation at 37 °C. 


and X. nematophilus. A comparative study’’ which included the 
greater wax moth, Galleria mellonella, and seven other Lepi- 
doptera showed that cecropin-like substances are widely dis- 
tributed in this order. As lysozyme is bactericidal for only a 
limited number of Gram-positive bacteria we believe that its 
main function is to remove the debris remaining after lysis of 
bacteria by cecropin. 

Second, the cecropins must have a structure that prevents 
attack on the insect itself. This structural information is 
presumably absent in melittin; bees avoid self destruction by 
synthesizing an inactive precursor which is activated by a 
sequential liberation of dipeptides’®. Future studies of the 
sequences of other cecropins should yield more information 
about the recognition of self in insects as well as an understand- 
ing of the bactericidal mechanism of the cecropins. 

We thank Dr. A. R. Alsheikhly for help in the experiments 
with Chang cells. This work was supported by grants from the 
Swedish Natural Science Research Council (BU2453 to H.G.B.) 
and from the Swedish MRC (13P-5057 and 13X-3556 to H.B.). 
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General anaesthesia can be induced by a wide variety of struc- 
turally dissimilar molecules. Consequently, the mechanism must 
involve some rather nonspecific interactions at the target site, 
generally held to be in nerve membranes. The primary site of 
action has been postulated to be either lipid or protein or both. 
Although recent work’ has cast doubt on the lipid hypotheses, 
protein models still flourish. In particular, Seeman and his 
co-workers’ have shown that biological membranes expand 
when anaesthetic molecules are added, and that this expansion is 
far greater than that which occurs with lipid bilayers. It has been 
suggested that this difference is due to extensive conformational 
changes in the membrane proteins, and several mechanisms 
have been proposed*’” to explain this large expansion of 
proteins. We now report the first direct measurements of the 
volumes occupied by general anaesthetic molecules in both 
biological membranes and lipid bilayers. We show that, in fact, 
biological membranes expand much less and lipid bilayers 
expand more than previously reported. The volume that a 
general anaesthetic molecule occupies is essentially the same in 
biological membranes, lipid bilayers and water. Our results lead 
us to question all generalized membrane expansion hypotheses 
for the mechanism of general anaesthesia, in favour of hypo- 
theses which include more specialized target sites. 

The approach we used consisted of determining membrane 
densities and membrane/buffer partition coefficients as a 
function of anaesthetic concentration. A straightforward and 
extremely accurate method of measuring solution densities, 
using a vibrating tube, has been developed by Kratky and 
co-workers''. Commercially available instruments are capable 
of measuring densities to an accuracy of about 107° g cm”. By 
measuring the density p,,, of a membrane suspension and the 
density Peur of the buffer alone, the density of the membrane can 
be calculated as 


Psus Pout 
Pout ~ R (Paus T Pout) 





Pmem = (1) 
where R is the ratio of buffer mass to membrane mass. (This 
equation can be derived from the simple relationship Omem+ 
Rvp = (1+ Rvs, Where v stands for specific volume, the 
reciprocal of density.) Seeman’, using such an instrument, has 





O0ZB-0836/81/290248-—04 $01.06 


© 1981 Macmillan Journals Ltd 


Nature Vol. 292 16 July 1981 





reported large changes in the density of biological membranes 
but only very small changes in the density of lipid bilayers due to 
the presence of ethanol. As some of his data have recently been 
questioned’”, we began by repeating these measurements. 
Our results using ethanol are shown in Fig. 1. The curves in 
Fig. 1a show the progressive decrease in densities of both buffer 
and a suspension of human red blood cell membranes, as a 
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Fig.1 Membrane density measurements with ethanol. a, Density of human 
red blood cell membrane suspension (A) and of buffer (*) as a function of the 
buffer ethanol concentration. b, Density of bovine spinal cord lipid suspen- 
sion (C]) and of buffer (*) versus buffer ethanol concentration. c, Density of 
red cell membranes (A) and spinal cord lipid membranes (C) versus buffer 
ethanol concentration, together with 95% confidence envelopes (dashed 
lines). Red cell membranes were prepared from transfusion blood (<1 week 
old) according to the method of Dodge er ai.'’. Total spinal cord lipids were 
especially prepared by Lipid Products Ltd and supplied as a solution in 
chloroform/methanol. Most of the solvent was removed using a rotary 
evaporator; remaining traces were removed by pumping under high vacuum 
for 6h. The dry lipids were dispersed in buffer by vortex action and brief 
immersion in a sonicating bath, The buffer used in all our experiments was 
SmM potassium phosphate (pH 8). Precise values for ethanol concen- 
trations were obtained using ¢ = CuM! MX Ppl ae.) where c, M and p 
were the ethanol concentration, the mass and the density, respectively, of the 
final solution or suspension, and Cup, Max and pu, were the corresponding 
quantities for stock solutions of ethanol in buffer, which were added to 
membrane suspensions or buffer. For the red cell suspension, a small 
correction (always <1%) in c was made for partitioning of ethanol into the 
membranes, using a value® of 0.14 moles ethanol per kg membrane/moles 
ethanol per | buffer. To determine membrane weights, dry weights of the 
membrane suspensions were measured gravimetrically and corrected for 
buffer salt weight. The value of R (=buffer weight/membrane weight) for 
the red ceil membrane suspensions was 126.6 + 2.5, and 33.33 + 0,39 for the 
spinal cord lipid suspension; the errors are for 95% confidence limits. All 
density measurements were performed using a precision density meter 
(Anton Paar, Model DMA O2C) at 25°C. Temperature was maintained 
constant to within + 0.01 °C. The curves in a and were fitted to quadratics 
using the method of least squares. The curves and data points in c were 
calculated from the appropriate curves and data points of a and 4 using 
equation (1). The 95% confidence envelopes were calculated by least 
squares fitting of the data points to a quadratic. 
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function of the ethanol concentration in the buffer. Figure 16 
gives the analogous results using bovine spinal cord lipids. 
Finally, Fig. 1c shows red cell membrane and spinal cord lipid 
densities, together with 95% confidence envelopes, as a function 
of the buffer ethanol concentration. 

The most obvious feature of Fig. 1c is the clear difference in 
density between red cell and lipid membranes, due, of course, to 
the fact that red cell membranes contain about 50% protein. 
More important in the present context is the fact that, as regards 
the change in density with ethanol concentration, there is no 
significant difference between red cell membranes and spinal 
cord lipids. Indeed, there is no significant change in the density 
of either membrane over the range of ethanc! concentrations we 
used. Our data are in direct disagreement with the experimental 
results reported by Seeman’, which showed a large (5°) change 
in red cell membrane density over the same range of ethanol 
concentrations. 

It is important to appreciate that there is no simple relation- 
ship between changes in membrane density and changes in 
membrane volume. For example, if an anaesthetic has the same 
density in a membrane as the membrane itself, large expansions 
of membrane volume could occur without any change in density. 
The change in membrane volume can be calculated if one knows 
the partial molar volume, Van, of the anaesthetic as a function of 
its membrane concentration Cmem- Van, Which has units of 
volume per mol, represents the change in membrane volume per 
mol of anaesthetic at a given anaesthetic concentration. The 
partial molar volume is directly related to changes in membrane 
density by the expression’? 


y E Man r (BP mem! OC mem) 1N 
pe Pmem ~ Cmem(8Pmem/ IC mem) 


where Man is the molecular weight of the anaesthetic, and prem 15 
the membrane density at an anaesthetic molar concentration in 
the membrane of ¢mem. If the membrane density is observed to 
change linearly with concentration, that is, if piem* 
Poem + MCmem, then equation (2) reduces to 


Van = (Man i m)/Pimem (3) 


where m is the slope of the curve of membrane density versus 
Cmem ANd Prem is the membrane density in the absence of 
anaesthetic. Using this equation and the red cell membrane data 
from Fig. 1c, and taking a membrane/buffer partition 
coefficient® of 0.14, Van for ethanol lies between 20 and 65 cm? 
mol`’, with 95% confidence. Furthermore, the mean Van for 
ethanol in the spinal cord lipids also falls within this range. Now, 
the partial molar volume of ethanol in buffer, calculated directly 
from the buffer density data of Fig. 1a,b, varies between 53.5 
and 55.1 cm° mol” over the ethanol concentrations used. Thus, 
there seems to be no dramatic difference in the volume that an 
ethanol molecule occupies in red cell membranes, lipid bilayers 
and water. 

However, ethanol is not the best choice of anaesthetic mole- 
cule if one is interested in measuring partial molar volumes in 
membranes. This is because, being relatively polar, ethanol hasa 
very small membrane/buffer partition coefficient K, 
Consequently, only indirect and uncertain estimates of K exist 
or can be easily obtained. Furthermore, ethanol is mot an 
anaesthetic which is used clinically. We therefore repeated our 
density measurements using the apolar anaesthetic halothane 
(Fig. 2) which is both widely used clinically and for which we 
were able to measure accurate membrane/buffer partition 
coefficients as a function of anaesthetic concentration. Note that 
the solution and suspension densities all increase with halothane 
concentration, whereas the opposite behaviour (decreasing 
density) was seen with ethanol concentrations (see Fig. 1). This, 
of course, reflects the fact that liquid halothane (p= 
1.87gcm™) is much denser than membranes and buffer, 
whereas ethanol (p = 0.79 g cm~’) is less dense. Figure 2c shows 
the red cell membrane and spinal cord lipid densities Gwith 95% 
confidence envelopes), calculated using the data from Fig. 2a, b 
and equation (1). 
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The data in Fig. 2c clearly show that there is a significant 
increase in the densities of both red cell membranes and lipid 
bilayers with increasing halothane concentration (except in the 
very highest concentration range for red cell membranes—see 
later), Accurate values of the partial molar volumes Van can be 
obtained using these data if the concentrations of the anaesthetic 
in the membranes are known. To convert buffer concentrations 
to membrane concentrations, the partition coefficient K (mols 
halothane per | membrane divided by mols halothane per | 
buffer at equilibrium) had to be determined. We measured K as 
a function of halothane concentration for both red cell and lipid 
membranes, using equilibrium dialysis and ‘C-labelled halo- 
thane. Combining these results with the density measurements 
shown in Fig. 2c, we could calculate membrane density as a 
function of membrane halothane concentration (Fig. 3). The 
relationships between membrane density and membrane halo- 
thane concentration do not differ significantly from straight lines 
up to about 300 mM. Therefore, we could calculate Van in this 
range using equation (3), for both red cell and lipid bilayer 
membranes. Using equation (3) with Man = 197.4 g mol”! and 
taking m and phem as the slopes and intercepts of the least 
squares lines of Fig. 3, the values (+95% confidence limits) 
are V,,=134+14 cm’ mol”! for human red blood cell 
membranes and V,,, = 124 +24 cm? mol” for bovine spinal cord 
lipids. Thus, there is no significant difference between the partial 
molar volume of halothane in red cell and lipid membranes. It 
follows that, at equal membrane concentrations, halothane 
expands both membranes by the same amount. Furthermore, 
Van in these membranes is about the same as it is in buffer 
(116.7 +3.2 cm? mol” at 95% confidence, calculated using the 


buffer data of Fig. 2). 


Fig. 2 Membrane density measurements with halothane. a, Density of 
human red blood cell membrane suspension (A) and of buffer (*) as a 
function of the buffer halothane concentration. b, Density of bovine spinal 
cord lipid suspension (C) and of buffer (*) versus buffer halothane concen- 
tration. c, Density of red cell membranes (A and A) and spinal cord lipid 
membranes (C1) versus buffer halothane concentration, together with 95% 
confidence envelopes (dashed lines). The membrane suspensions were pre- 
pared and the density measurements performed as described in Fig. 1 
legend. Known partial pressures? of halothane in nitrogen were bubbled 
through the buffer and then passed over the membrane suspension, which 
was contained in a small (5 ml) round-bottomed flask, The suspension was 
stirred, using a glass-encapsulated magnetic ‘flea’. This had the important 
technical advantage that the buffer concentrations of anaesthetic in equili- 
brium with the membranes was known directly and did not have to be 
corrected for partitioning into the membranes. The equilibrium concen- 
tration of halothane in the buffer and the aqueous phase of the membrane 
suspension was calculated* using an Ostwald solubility (water/gas partition) 
coefficient?’ of A = 1.5 (at 25°C). To avoid loss of halothane to air, the 
solutions were directly transferred to the density meter in a syringe contain- 
ing no air pockets. The value of R (= buffer weight/membrane weight) was 
corrected for the differential partitioning of halothane between membranes 
and buffer using R = Ro(1+ MgaCour/Onur)/ (1 + Man KCout/ Orem > Where Ry 
is the value of R when cyy= 0. Ry was 100.0+ 1.9 (A), 74.343.4(a) and 
26,550.24 (C); the errors are for 95% confidence limits. Partition 
coefficients K (moles halothane per | membrane divided by moles halo- 
thane per | buffer) were determined using '*C-labelled halothane (NEN) and 
equilibrium dialysis at 25 °C. The labelled halothane was repeatedly washed 
with buffer until its halothane/buffer partition coefficient was constant and 
consistent with its known solubility in water. For the red cell membrane 
determinations, SDS-polyacrylamide gels run before and after dialysis 
showed that no significant hydrolysis of membrane proteins had occurred. 
The measurements were performed as a function of aqueous concentration 
of halothane from zero to about 8 mM and fitted to least-squares poly- 
nominal curves of the statistically appropriate order?'. The results were 
K = 29.5 +0.84¢,,., for spinal cord lipids and K = 38.4 ~5.24¢,4¢+ 0.7702, 
for red cell membranes, where ¢,,,, has units of moles halothane per | buffer. 
The density curves in a and b were fitted to straight lines using the method of 
least squares, and the curves and data points (A, C) inc were calculated from 
the appropriate curves and data points of a and b using equation (1). The 
additional data points (A) in c are the results from a completely independent 
red cell membrane experiment and give a measure of the reproducibility of 
the data, For the red cell membranes two data points are superimposed at 
zero halothane concentration. The 95% confidence envelopes were cal- 
culated by least-squares fitting of the data points. 


Our results using halothane thus provide a firm quantitative 
basis for the conclusions which could be drawn from our 
experiments with ethanol. We find virtually no difference in the 
volume that a given anaesthetic molecule occupies in biological 
membranes, lipid bilayers or water. This was true for both 
halothane and ethanol, two very different general anaesthetics. 
We should point out that the range of anaesthetic concentrations 
used in our experiments included not only general anaesthetic 
but also nerve blocking levels. 

Our measurements throw new light on membrane expansion 
theories of anaesthesia. These theories have the attraction of 
providing a conceptually simple framework for understanding 
the phenomenon of pressure reversal of general anaesthesia. 
The most popular of these, the critical volume hypothesis, 
states'* that “Anaesthesia occurs when the volume of a hydro- 
phobic region is caused to expand beyond a certain critical 
amount by the absorption of molecules of an inert substance. If 
the volume of this hydrophobic region can be restored by 
changes of temperature or pressure, then the anaesthesia will 
be removed.” At concentrations of halothane that produce 
general anaesthesia in man (cy .;= 0.27 mM), the expansion 
( VinCmem) Calculated from the data of Fig. 3 for both membranes 
and bilayers is only about 0.1%, This observed expansion is very 
small, in view of recent measurements’? which show that 
cholesterol-containing lipid bilayers expand by about 0.1% per 
°C. Thus, were the critical volume theory to be applied to whole 
membranes, it would predict that a rise in temperature of only a 
few degrees should induce general anaesthesia. This is not 
observed in cold-blooded animals. (A similar line of reason- 
ing’*'*’7 has been used to discredit both lipid phase transition 
models and bilayer fluidization hypotheses of anaesthesia.) 
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Fig. 3 Membrane density as a function of membrane halothane concen- 
tration and the determination of the partial molar volume V,, for human red 
cell membranes (upper line) and bovine spinal cord lipids (lower line), The 
slope and intercept of each least-squares straight line was used to calculate 
V,,, with equation (3); the 95% confidence limits were calculated using these 
values and the variance-covariance matrix’. The red cell data points above 
500 mM, where we suspect that some protein denaturation had occurred”’, 


were not included in the analysis. For red cell membranes, V= 
134 +14 cm? mol”; for lipid bilayers, V., = 124 +24 cm? mol”, 


Furthermore, our observation that the volume occupied by a 
halothane molecule is essentially the same in membranes, water 
and liquid halothane shows that although membranes do indeed 
expand, the expansion is almost wholly accounted for by the 
volume of the halothane molecules themselves and does not, as 
previously thought? for biological membranes, involve the 
creation of a large additional free volume which might then be 
compressed by the application of high pressures. 

Overall, we conclude that the expansion of whole membranes 
or lipid bilayers is not relevant to the mechanism of anaesthesia. 
On the other hand, our results are consistent with the idea that 
general anaesthesia is caused by interactions with specialized 
regions of nerve membranes, which have properties quite 
different from those we have measured for whole membranes. 
Indeed, the partial molar volume of an anaesthetic molecule in 
these regions may well be much larger than in the rest of the 
membrane or in water; pressure reversal could then be simply a 
consequence of forcing the anaesthetic away from its target’®. 
We have previously shown*’, using X-ray and neutron 
diffraction, that lipid bilayer structure is not significantly 
affected by general anaesthetics at up to 10 times clinical 
concentrations. Thus, it seems unlikely that general anaesthesia 
involves any sizeable structural change in the lipids of such 
specialized regions. This leaves us to suppose that it is the 
structure of particularly sensitive membrane proteins which are 
directly affected. For example, it could be that the target site is a 
multisubunit protein immersed in the membrane and that 
anaesthetics interfere with its function by interposing them- 
selves between the subunits and disrupting the packing. The fact 
that general anaesthesia can be induced by a wide variety of 
structurally dissimilar molecules, whereas most drug/receptor 
interactions are rather specific, follows directly from such an 
idea. (A specific key is necessary to unlock a door, but anything 
can be used to prevent it from closing.) 
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Although the crustacean coxal receptors’ are non-spiking’”, 
indirect pharmacological and electrophysiological evidence 
suggests that fast sodium channels may be present in their 
membranet“. The properties of these channels are not known, 
but it has been suggested that they might be “incompletely 
differentiated”, perhaps lacking “appropriate gating 
mechanisms”’, and/or “too sparsely distributed”. The former 
hypothesis is not supported by the results of voltage-clamping 
experiments done on dendritic segments isolated from these 
mechanoreceptors. Instead, the results reperted here provide 
direct evidence for a voltage-dependent fast inward current, 
sensitive to tetrodotoxin (TTX) and requiring external sodium 
(but not calcium). This current is shunted by a transient fast 
outward current, also voltage dependent, and it is suggested that 
this shunting may account, at least in part, for the non-spiking 
behaviour of the coxal receptors. 

The largest dendrite (T fibre’) among those supplying the 
coxal muscle receptor organ in the crab Portunus sanguinolentus 
(Herbst) was ligated close to its sensory endings and to its entry 
into the thoracic ganglion, and then cut distal and proximal to 
the two ligatures. The input properties of the isolated dendrite 
were similar to those of intact coxal receptors’, In nine experi- 
ments the average and standard deviation of the resting poten- 
tial were 63.8+5.5 mV and those of the input resistance were 
2.241.5MQ. The current-voltage relationship was charac- 
terized by a pronounced outward-going rectification in the 
depolarizing quadrant. Depolarization by current pulses did not 
elicit overshooting action potentials (Fig. 1a). 

Dendrites could be clamped at holding potentials close to or 
considerably more negative (up to -80 mV) than their resting 
potential for several hours without deterioration of their input 
properties, Depolarizing and hyperpolarizing clamping voltages 
of small amplitude resulted in symmetrical clamping currents, 
but at voltages more positive than about —50 mV, a transient 
inward current (In) became evident (Fig. 16.. Both amplitude 
and time to peak of In depended on the magnitude of the test 
clamping voltage: the amplitude first increased with larger 
values of the test voltage and then decreased (Fig. 14), while the 
time to peak decreased from 3-5 ms to less than I ms with 
increasing intensity of the test voltages. Iy was also dependent 
on the holding voltage and was completely inactivated in 
dendrites held at voltages more positive than —55 mV. 

Ty was sensitive to pharmacological agents known specifically 
to affect voltage-dependent sodium channels*, It was abolished 
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when TTX in concentrations as low as 107* M was added to the 
saline (Fig. 1c, d), and when external sodium was substituted by 
choline, tetramethyl ammonium or tetraethyl ammonium. By 
contrast, J, was not affected by agents known to interfere with 
calcium currents’. Thus, it was not increased when calcium was 
substituted by either barium or strontium, nor was it abolished 
or reduced when cadmium (107* M), manganese or cobalt (both 
5x107 M) were added to the saline. 

Even in TTX, clamping currents were not symmetrical in the 
hyperpolarizing and depolarizing range except, as noted, for 
small voltage steps. Instead, depolarizing voltages resulted in 
early fast outward current transients considerably larger than 
the capacitative transients obtained with hyperpolarizing tests of 
equal amplitude (Fig. 1c, d legend). For several criteria the fast 
outward current behaved in a manner similar to the fast inward 
current; thus, it could not be demonstrated in dendrites held at 
potentials more positive than about —45 mV, and its time to 








Fig. 1 Example of data obtained by current and voltage clamping 
in isolated dendritic segments, The preparations, 3-6 mm in length 
and 80-120 um in diameter, were pinned to the Sylgard floor of a 
chamber having an approximate volume of 0.016 ml, and perfused 
at the rate of about 0.5 ml min™’ with a saline solution of the 
following molar composition: Na, 0.47; K, 0.01; Ca, 0.026; Mg, 
0.052; Cl, 0.513; SO4, 0.022, buffered to pH 7.6 with 0.005 mol of 
Na-HEPES. The voltage clamping circuit was modelled after that 
of Connor and Stevens'®. The current injecting pipette was 
screened. Position and tip resistance of the two micropipettes used 
for clamping were critical in obtaining good results. Stable input 
properties and adequate clamping speed were obtained with 
pipettes having a resistance of 4-7 MQ), inserted in the middle of 
the dendrites at about 50 ym from each other. Fast clamping was 
not possible with micropipettes having higher resistance, while the 
use of micropipettes having lower resistance results in unstable 
input properties. In each record, voltage is recorded in the top trace 
and current in the lower one. Calibrations: one major grid division 
is equal to: a, 20 mV, 50 nA, 50 ms; b, 50 mV, 100 nA, 1 ms; c, 
50 mV, 20 nA, 5 ms; d, 100 mV, 50 nA, 10 ms. a, Current clam- 
ping of a dendritic segment 5.8 mm long, whose membrane poten- 
tial (V,,) was ~65 mV and input resistance (R,) 2.2 MQ. Note lack 
of spiking activity and pronounced outward-going rectification 
above —45 mV. b, Voltage clamping of a segment 4.6 mm long 
{Vma ~ 65 mV; R; 1.75 MQ). Inward current (Jy) corresponds to a 
downward deflection of the current trace. Jy reached a maximum 
value (360 nA) when the segment was depolarized to —35 mV from 
a holding potential of -75 mV. c, d, Outward currents recorded in 
saline containing tetrodotoxin (5 x 107° M) in a segment 3.6mm 
long whose resting potential was -67 mV and input resistance 
2.4MQ. The preparation was held at -80mV except during 
testing. As shown in d, at clamping voltages more positive than 
~30 mV, the initial outward transient is followed by a second one 
characterised by a slower rate of decay. This second outward 
transient is not considered in the text because its time course is too 
slow to affect the inward current directly. Preliminary results 
indicate that the slower outward transient can be blocked by 
external tetraethyl ammonium (5 x 107* M) whereas the initial fast 
transient is not. Both outward currents are blocked by 4-amino- 
pyridine (5 x 107° M). 


peak decreased with increasing values of the test voltage, from 
3-5 ms to <i ms (Fig. ic, d). Unlike the inward current, 
however, the early outward current transient increased mono- 
tonically in magnitude with larger values of the clamping voltage 
(Fig. 1c, d). 

The shunting effect of the outward current transients on the 
inward current flowing through the TTX-sensitive channels can 
be evaluated from Fig. 2. The difference between clamping 
currents, recorded in the same preparation in control and in 
TTX saline, or net inward current, is substantially larger than Ix 
and has a null point at about +50 mV and thus at a voltage close 
to the reversal potential expected for a sodium current. Ix, on 
the other hand, has a null point at about -10 mV, close to the 
peak values of the partial action potentials which can occasion- 
ally be recorded from intact coxal receptors’. 

The net inward current density, calculated from data such as 
those presented in Fig. 2, on the assumption that the dendritic 
segments were properly space clamped, is about 20 pA cm™ 
and thus much lower than that measured in excitable 
membranes. It should be emphasised, however, that the validity 
of this assumption (as well as other assumptions involved in the 





Fig. 2 Plot of clamping currents obtained from the same pre- 
paration in control saline (O) and in saline containing TTX (@) in 
response to stimuli of equal amplitude (V,). Currents were 
measured at times corresponding to peak amplitude of the inward 
current in control saline. Their difference, net peak inward current, 
is plotted (@), Clamping was not sufficiently fast at voltages larger 
than about +15 mV, and therefore no reliable results were 
obtained close to the null potential of the inward current. By 
extrapolation, this potential can be seen to be about +50 mV. This 
dendritic segment was 6mm long, and its surface was 1.5 
10°? cm”. As the length constant of the coxal receptor dendrites is 
at least 3 cm (refs 3, 7) the preparations should have been properly 
space clamped if the ligatures at their endings were to provide a 
complete seal", On this assumption, peak net inward current 
density could be calculated to be, in this example, 19 pA em’, 
Two other experiments yielded values of 18 and 48 pA cm’, and 
the null potentials were, respectively, +25 and +43 mV. Assuming 
further that the effective membrane capacitance of the dendrites 
was about 1 pF cm”’, the current density thus calculated would be 
about 10 times lower than that required to charge the membrane to 
the null potential of the inward current. If the endings were leaky, 
the amount of membrane under clamp control would have been 
less, and hence current density would be underestimated by an 
unknown amount. 
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calculations) cannot be properly evaluated on the basis of the 
available data (see Fig. 2 legend). Thus, it seems reasonable to 
conclude that the inability of the coxal receptor dendrites to 
develop full action potentials does not depend on a lack of 
functional sodium channels but rather on the shunting of the 
sodium current by the transient opening of a fast outward 
conductance and, possibly, on an abnormally low density of the 
sodium channels themselves. These two factors are not mutually 
exclusive; on the contrary, both can be easily interpreted as an 
expression of the specialization of the coxal receptors for 
transmitting information with analogue signals’. 

Results consistent with those presented in Figs 1 and 2 were 
also obtained in the S dendrite of Portunus, as well as in the S and 
T dendrites of other swimming crabs. Moreover, a fast TTX- 
sensitive and sodium-dependent inward current and a fast initial 
outward transient could also be demonstrated when clamping 
intact Portunus coxal receptors. In the intact cells no fast clam- 
ping could be obtained at voltages more positive than about 
~20 mV, and therefore a satisfactory study of the fast currents 
has not been possible. 

The coxal receptors are not unique in exhibiting transiently 
activated outward currents'°”’’. There is convincing evidence 
that currents of this type are important in regulating repetitive 
firing of normally spiking neurones'*'*. The early fast outward 
channels of the coxal receptors, characterised by activation and 
inactivation rates comparable with those of the inward channels, 
seem to be specialised for suppressing spiking. Whether this 
specialisation represents an extreme case of adaptation of 
membrane components also found in other cells, or whether it 
reflects unique ionic and pharmacological properties, remains to 
be determined. 
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Inhibition of smooth muscle tension by 
cyclic AMP-dependent protein kinase 
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B-adrenergic relaxation of smooth muscle by catecholamines 
has been associated with elevated levels of cyclic AMP’, The 
question arises whether subsequent activation of cyclic AMP- 
dependent protein kinase** has a role in the regulation of 
smooth muscle contraction. There is substantial evidence that a 
Ca**-activated myosin light chain kinase/phosphatase system 
regulates smooth muscle contraction**, and Adelstein et 
al." have shown that the catalytic subunit of cyclic AMP- 
dependent protein kinase*“ plays a part in this regulation, by 
phosphorylation of the high molecular weight subunit of the 
light chain kinase, which results in a decrease in the activity of 
the kinase. Here we have shown for the first time that the 
catalytic subunit of the protein kinase inhibits Ca**-activated 
tension in skinned smooth muscle fibre preparations. 





* Present address: Department of Physiology and Biophysics, University of Miami, PO Box 
016430, Miami, Florida 33101, USA, 


Figure 1a shows that after a submaximal (pCa = 5.0) and a 
maximal (pCa = 3.6) contraction, addition of 10% M catalytic 
subunit of cyclic AMP-dependent protein kinase results in a 
slow inactivation of the fibres. After transfer of the fibre bundle 
from this high [Ca?*] catalytic subunit solution to a relaxing 
solution (pCa = 8.0) the fibres relaxed. When they were reim- 
mersed in the same solution (pCa = 5.0) in which they initially 
gave ~90% maximum tension, they generated only 14% of the 
subsequent tension in pCa 3.6 solution. This shows that 
pretreatment with the catalytic subunit of protein kinase resul- 
ted in a decrease in the Ca**-sensitive threshold for contraction 
of the muscle fibre preparation. Transfer of the fibre preparation 
from high [Ca?*] solution (pCa = 3.6) to am identical solution 
containing 5 4M calmodulin resulted in a further increase in 
tension. 

Figure 16 shows that after a maximal Ca’*-activated contrac- 
tion, addition of both the regulatory and catalytic subunits of 
protein kinase results in a slow inactivation of the fibres and that 
addition of cyclic AMP (10* M) produces faster relaxation. 
Cyclic AMP is known to activate protein kinase by dissociation 
of the catalytic subunit from the regulatory subunit*; the free 
catalytic subunit is then able to inhibit the fibres. Initial slow 
inactivation of the fibre bundle is presumably due to either the 
production by the fibres of small amounts of cyclic AMP from 
ATP, or incomplete association of mixed catalytic and regula- 
tory subunits, or both. A higher than physiological concen- 
tration of cyclic AMP was used to avoid diffusional problems 
associated with cyclic AMP binding sites ia the fibres. After 
maximal activation of the fibre bundle (pCa = 4.0, Fig, 1c) and 
inhibition by the catalytic subunit, immersion of the fibres in a 
solution containing high [Ca?*] but no catalytic subunit resulted 
in little detectable activation of the fibres ower the time period 
observed. However, in the presence of high [Ca’*] plus 
calmodulin, the fibres contracted immediately, giving partial 
recovery. 

Figure 1d shows that after a skinned fibre bundle had been 
pretreated with high [Ca] and adenosine $’-O-(3-thio- 
triphosphate) (ATPyS) to irreversibly thiophosphorylate the 
myosin LC,» light chains, the fibre bundle became fully activated 
when immersed in a solution containing ATP and no calcium 
(pCa = 8.0) and showed no further increase in tension in high 
[Ca**] solution (pCa = 3.6). Following this irreversible thio- 
phosphorylation and tension activation, addition of the catalytic 
subunit was unable to inactivate the fibre bundle. Thus when the 
light chains are irreversibly thiophosphorylated’*”’, the cataly- 
tic subunit of protein kinase can no longer inhibit the contrac- 
tion. In the presence of 5uM calmodulin (Fig. le), 1 pM 
catalytic subunit produced very little change in Ca°*-activated 
tension generation, in contrast to its action in the absence of 
calmodulin. The results shown in Fig. 1 are typical of results 
obtained with either the skeletal or cardiac catalytic subunit of 
cyclic AMP-dependent protein kinase. 

Our data thus agree with the light chain kinase / phosphatase 
mechanism for Ca** activation of smooth mescle and the pro- 
posed inhibition of this mechanism by the catalytic subunit of the 
cyclic AMP-dependent protein kinase'*"*. The model pro- 
posed by Adelstein et al.'*'’, in which the phosphorylation of 
the high molecular weight subunit of light chain kinase by the 
catalytic subunit of the cyclic AMP-dependent protein kinase 
decreases the ability of the Ca’*-binding subunit of calmodulin 
to interact with it, predicts that tension would be inhibited by 
this catalytic subunit and the inhibited fibres would appear less 
sensitive to calcium (Fig. la). Once the fibres have been 
inhibited partially (Fig. 1a) or completely (Fig. 1c), addition of 
calmodulin should increase the Ca” sensitivity of the muscle 
according to the law of mass action. Also, once the LC.» light 
chains have been irreversibly thiophosphoryleted by the use of 
the ATP analogue ATPyS'°’, inhibition of the light chain 
kinase by the catalytic subunit should have no: effect on tension 
development (Fig. id). As the only site of :rreversible thio- 
phosphorylation is myosin LC (ref. 11), the site of action of 
cyclic AMP-dependent protein kinase canot be the thin 
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Fig. 1 Tension-time records of chicken a 
gizzard skinned fibres. All solutions 
contained ATP unless indicated by 
ATP yS. Additions to the solutions are 
indicated below the pCa value and refer 
only to that solution, not to subsequent 
ones. a, Effect of 1 uM cardiac catalytic 
(C) subunit of cyclic AMP-dependent 
protein kinase on submaximal Ca?*- 
activated tension. Recovery of maximum 
tension with 54M calmodulin (Cal) is 
shown, Vertical calibration bar, 8.3 mg. 6, b 

Inhibition of Ca?*-activated tension by 

luM catalytic {C} subunit plus 2 aM 

cyclic AMP-free regulatory (R) subunit of 

skeletal cyclic AMP-dependent protein 

kinase, followed by addition of cyclic 

AMP (cAMP, 107" M). Vertical calibra- P } ! 
tion bar, 1.9 mg. The mechanical artefact pCa 8O 4.0 ae 
seen during the initial pCa = 4.0 concen- 

tration was due to a small knock to the 

table. c, Complete inhibition of Ca®*- 

activated tension by 1 pM skeletal cataly- 

tic (C) subunit of cyclic AMP-dependent 

protein kinase followed by partial reco- 

very with 5 pM calmodulin (Cal). Vertical c 
calibration bar, 11.1 mg. d, Lack of 
tension response to 14M catalytic (C) 
subunit of cardiac cyclic AMP-dependent 
protein kinase after pretreatment (irre- 
versible thiophosphorylation of the 
20,000-MW myosin light chains) of the 
fibre bundle with high [Ca?*] (pCa = 3.6) 
and ATPyS. Vertical calibration bar, 
10.0 mg. e, Lack of inhibition by 14M 
cardiac catalytic subunit (C sub) in the 
presence of SuM calmodulin (Cal). d 
Vertical calibration bar, 6.1 mg. The 
horizontal calibration bar represents 5 
min in each case. Sections of muscle (~ 1- 
2mm*) were cut from fresh chicken 
gizzards and lightly homogenized by a 
method described elsewhere for striated 
muscle?” and previously used in this 
laboratory for gizzard skinned fibre pre- 
parations'’, Small bundles of fibres were 
visualized by background light using a 
binocular microscope and the two ends of 
a fibre bundle were clamped in small 
stainless steel forceps of a tension trans- 
ducer apparatus similar to that of Hellam 
and Podolsky”’. The fibres were activated 
and relaxed by transferring them to 
different test bathing solutions containing 
various amounts of Ca** and protein 
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concentrations. The solutions contained Cal Cal Cal 


units of creatine phosphokinase (CPK) per ml solution, 82-84 mM imidazole, 7 mM EGTA total, varying amounts of Ca** (pCa = 8-3.6) and propionate as the major 
anion. The pH was kept constant at 7.00 (+ 0,02) and the ionic strength kept at 0.15 by varying the amount of imidazole propionate. However, the solution in which 
ATP yS was substituted for ATP contained 85 mM K* + Na‘ and no creatine phosphate/CPK regenerating system, but was otherwise identical to the solutions 
described above. The total concentrations of magnesium, potassium and calcium propionate, disodium ATP, disodium creatine phosphate and imidazole required 
were determined by a computer program using binding constants obtained from the literature??. 


filament, proposed by Nonomura and Ebashi’’ to regulate 
smooth muscle by a leiotonin system. Furthermore, the presence 
of calmodulin prevents the inhibition of tension by the catalytic 
subunit (Fig. 1e). If phosphorylation of the 125,000-molecular 
weight (MW) light chain kinase decreases its interaction with 
calmodulin’, the presence of added calmodulin should over- 
come this by the laws of mass action. We will present elsewhere a 
detailed study of the relationship between increased phos- 
phorylation of myosin light chain kinase, decreased phos- 
phorylation of LC light chain and inhibition of tension 
generation. 

We have treated two other smooth muscle types, skinned 
using Triton X-100, with the catalytic subunit of protein kinase 
and obtained the same results as for chicken gizzard. These 
muscles were rabbit pulmonary artery and the aorta from the 
Pacific Coast dogfish which evolved 400 Myr ago. Therefore, the 
mechanism for this inhibition of tension in smooth muscle by 
cyclic AMP-dependent protein kinase seems to have evolved 
before much of the animal kingdom as we know it today. 

These data show for the first time that the catalytic subunit of 
protein kinase can inhibit the physiological variable, Ca?* 


activated tension, in skinned smooth muscle fibre preparations. 
Pretreatment of the smooth muscle fibres with this catalytic 
subunit causes a decrease in the apparent Ca’ sensitivity of the 
muscles, an effect which can be reversed by the addition of 
calmodulin. In the presence of both the catalytic and regulatory 
subunits of protein kinase, addition of cyclic AMP increased the 
rate of inhibition of tension. These results agree with the 
mechanism described elsewhere '*’’, which involves this protein 
kinase system in the B-adrenergic relaxation of smooth muscle, 
but do not support the thin filament control mechanism pro- 
posed by Nonomura and Ebashi"”. 

We thank L. Bolles and R. Coby for technical assistance, 
Dr J. Beavo for gifts of cyclic AMP-free regulatory subunit 
of the peak-1 bovine skeletal muscle cyclic AMP-dependent 
protein kinase and bovine skeletal catalytic subunit; Drs E. H. 
Fischer and E. Krebs for bovine cardiac catalytic subunit of 
cyclic AMP-dependent protein kinase, and Drs E. H. Fischer 
and D. Malencik for gifts of bovine brain calmodulin. This 
research was supported by grants from the Muscular Dystrophy 
Association, American Heart Association and NIH. P.E.H. was 
supported by a fellowship from the Muscular Dystrophy Asso- 





Nature Vol. 292 16 July 1981 


285 





ciation. The chicken gizzard muscles were supplied by Acme 
Poultry Co. 


Received 30 October 1980; accepted 12 May 1981. 

1. Robison, G. A., Butcher, R. W. & Sutherland, E. W. Cyclic AMP 204-210 (Academic, 

New York, 1971). 

2. Kramer, G. L. & Hardman, J. G. Handbook of Physiology Sect. 2, Vol. 2 (eds Bohr, D. F., 
Somlyo, A. P, & Sparks, H. V.) 179-199 (American Physiological Society, Bethesda, 
1980). 

. Greengard, P. Science 199, 146-152 (1978). 

. Krebs, E. G. & Beavo, J. A. A. Rev, Biochem. 48, 923-959 (1979). 

. Aksoy, M. O., Williams, D., Sharkey, E. M. & Hartshorne, D. J. Biochem, biophys. Res. 

Commun. 69, 35-41 (1976), 
6. Chacko, $., Conti, M, A. & Adelstein, R. S. Proc. nam. Acad. Sei. U.S.A. 74, 129-133 
(1977). 

7. Sobieszek, A. Eur. J. Biochem. 73, 477-483 (1977), 

8. DiSalvo, J., Gruenstein, E. & Silver, P. Proc. Soc. exp. Biol. Med. 158, 410-414 (1978). 

9, Sherry, J. M. F., Gérecka, A., Aksoy, M. O., Dabrowska, R. & Hartshorne, D. J. 

Biochemistry 17, 4411-4418 (1978). 

10, Cassidy, P., Hoar, P, E. & Kerrick, W. G. L. J. biol. Chem, 284, 11148-11153 (1979), 

11. Hoar, P. E., Kerrick, W. G. L. & Cassidy, P. S. Science 204, 503-506 (1979). 

12. Cassidy, P., Hoar, P. E. & Kerrick, W, G. L. Pfligers Arch. ges. Physiol. 387, 115-120 
(1980). 

13. Kerrick, W. G. L., Hoar, P. E. & Cassidy, P. S. Fedn Proc. 39, 1558-1563 (1980). 

14. Kerrick, W. G. L., Hoar, P. E., Cassidy, P, $. & Malencik, D. A. in Regulation of Muscle 
Contraction: Excitation—Contraction Coupling (eds Grinnell, A. D. & Brazier, M, A. B) 
{Academic, New York, in the press}. 

15. Kerrick, W. G. L. in Calcium and Cell Function Vol. 2 (ed. Cheung, W. Y.) (Academic, New 
York, in the press}. 

16. Adelstein, R. S., Conti, M. A., Hathaway, D. R. & Klee, C. B. J. biol Chem. 283, 
8347-8350 (1978). 

17. Conti, M. A. & Adelstein, R. S. Fedn Proc. 39, 1569-1573 (1980), 

18. Silver, P. J. & DiSalvo, J. J. biol. Chem. 284, 9951-9954 (1979), 

19, Nonomura, Y. & Ebashi, S. Biomed, Res. 1, 1-14 (1980), 

20. Kerrick, W. G. L. & Krasner, B. J. appi. Physiol. 39, 1052-1055 (1975). 

21, Hellam, D. C. & Podolsky, R. J. J. Physiol, Lond. 200, 807-819 (1969). 

22. Donaldson, $. K. B, & Kerrick, W. G. L. J, gen. Physiol, 66, 427-444 (1975). 


unr de w 





Progesterone inhibits membrane-bound 
adenylate cyclase 
in Xenopus laevis oocytes 


Joëlle Finidori-Lepicard*, Sabine Schorderet-Slatkine?, 
Jacques Hanounet & Etienne-Emile Baulieu*$§ 


* U 33 Inserm and Faculté de Médecine, 78 rue du Général Leclerc, 
94270 Bicétre, France 

+ Département de Gynécologie et d’Obstétrique, Hôpital Cantonal, 
Genéve, Switzerland 

+U 99 Inserm, 51 avenue du Maréchal de Lattre de Tassigny, 
94000 Créteil, France 





Recent experimental evidence indicates that progesterone acts 
at the cell surface to trigger protein synthesis and to reinitiate the 
first meiotic division in Xenopus laevis oocytes’’. The steroid 
hormone is physiologically released by follicle cells surrounding 
oocytes in the ovaries, and this naturally occurring event can be 
reproduced in vitro by adding progesterone to the incubation 
medium. Recently, cyclic AMP has been implicated in the 
mechanism of progesterone action in oocytes’; there was an 
almost immediate decrease in cyclic AMP concentration in 
oocytes after addition of progesterone in vitro, whether or not 
the oocytes were pretreated with cholera toxin®*. Adenylate 
cyclase in X. laevis oocytes is compartmentalized, >50% 
soluble and ~30% is found in the plasma membrane-containing 
fraction’. We report here that physiological concentrations of 
progesterone selectively inhibit membrane-bound adenylate 
cyclase activity, after addition to intact oocytes or in cell-free 
experiments; this specificity confirms the proposed membrane 
site of action for the hormone when reinitiating meiosis and is 
the first example of a ‘direct’ enzymatic action of a steroid (not 
by protein synthesis) related to a physiological function. 
Adenylate cyclase activity in oocytes was measured in four 
subcellular fractions isolated by differential centrifugation (Fig. 
la), and was largely found in two compartments, a 10,000g 
pellet (P-10,000; 20-30%) and the cytosol (50-65%), a dis- 
tribution similar to that observed in the early stages of male 
germ-cell development". Both particulate and soluble forms of 
the enzyme appeared equally active in the presence of either 





$ To whom reprint requests should be addressed. 


Mg** or Mn’’, but only the particulate activity was stimulated 
(two- to threefold) by 10 mM sodium fluoride. Electron micro- 
scopic examination of P-10,000 showed a uniform vesicuiated 
membrane structure and enzyme patterns suggested an 
enrichment in plasma membrane. Incubation of oocytes with 
progesterone produced a rapid inhibition of the P-10,000- 
associated cyclase. Its specific activity was reduced by 65% while 
the soluble activity was unchanged. Cycloheximide had no effect 
on particulate cyclase inhibition. The facts that only the 
membrane-bound cyclase was inhibited by progesterone, and 
that more than half of the oocyte enzymatic activity is soluble, 
explain the limited decrease in total cyclic AMP observed in 
intact oocytes. Therefore, cholera toxin was used to magnify the 
progesterone-induced decrease of cyclic AMP in oocytes, after 
cholera toxin has been added to increase cyclic AMP levels (to 
150-300% of control), the addition of progesterone produces 
an immediate decrease to basal level®. Adenylate cyclase 
determinations confirmed the dual nature of the enzyme in 
oocytes, as only the P-10,000 cyclase was stimulated by cholera 
toxin (5-10-fold), while this stimulation was reversed by addi- 
tion of progesterone to the oocyte incubation medium just 
before cell fractionation (Fig. 14). 

To demonstrate that progesterone interacts directly with the 
plasma membrane cyclase activity, without an intermediary 
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Fig. 1 Adenylate cyclase activity in subcellular fractions of untreated and 
progesterone- and/or cholera toxin-treated X. laevis oocytes. Fully grown 
oocytes, obtained as described elsewhere”, were washed and homogenized in 
10 vol of 1 mM NaHCO,, 3 mM EDTA, at 4°C, with a Dounce apparatus 
(pestle A, 10 strokes), The homogenate was centrifuged at 1,000g for 
15 min; the pellet (P- 1,000) contained most of the vitellus and melanosomes. 
The supernatant was centrifuged at 10,000g for 20 min and the P-10,000 
pellet separated. The supernatant was again centrifuged at 165,000¢ for 
15min, and both the supernatant (S) and the pellet (P-165,000) were 
retained, All pellets were resuspended in the same buffer and enzymatic 
assays were performed immediately. Adenylate cyclase assays were done in 
60 wl containing 1 mM [a-*PJATP (10°%¢.p.m.j}, 3mM MgCl, 1mM 
EDTA, 1mM cyclic AMP, 50mM Tris-HCI pH 7.6, plus an ATP- 
regenerating system consisting of 25 mM phosphocreatine and 1 mg ml”! 
creatinine phosphokinase. The reaction was terminated by a modification * 
of the procedure of White’. In these conditions, the degradation of ATP was 
negligible and the enzymatic activity was linear with time up to 60 min and 
linear with protein up to 60 ug per assay; this was also the case for inhibition 
experiments, Labelled cyclic AMP was isolated according ta 
Rachamadran'®. The yield was calculated by previous addition of cyclic 
{8-"H]AMP, it was unchanged when the experiment was performed in the 
presence of steroids, eliminating a significant stimulation of the phos- 
phodiesterase(s) by the steroids. 5'-nucleotidase activity was estimated as 
described elsewhere’’, The distribution pattern of adenylate cyclase (A) in 
oocytes is shown in a, superimposed on that of 5’-nucleotidase (C), Enzyme 
activities and protein concentrations were measured in the whole homo- 
genate and in the separated fractions. Relative enrichment for adenylate 
cyclase is the ratio of specific activity in each fraction divided by specific 
activity of the whole homogenate. This parameter is plotted against the 
percentage of the whole homogenate protein recovered in each fraction. The 
area of the bars is proportional to the recovery of the enzyme in the 
corresponding fractions. The ordinate measures the degree of purification 
achieved over the whole homogenate value. The same representation is used 
for 5’-nucleotidase. b, Adenylate cyclase specific activities in P-10,000 and $ 
fractions of untreated oocytes (cross-hatched bars), oocytes preincubated 
with 30 uM progesterone for 90 s (open bars), oocytes preincubated with 
50 pmol cholera toxin for 6 h (solid bars}, and oocytes incubated with 30 uM 
progesterone for 90s at the end of the preincubation with cholera toxin 
istippled bars). Cyclase activity is expressed as pmol of cyclic AMP formed in 
15 min per mg protein at 32°C. Protein and 5’-nucleotidase values were 
identical in control and progesterone/cholera toxin-treated oocytes idata 

not shown). 
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state involving a metabolic change, we performed cell-free 
experiments. We found that P-10,000 adenylate cyclase from 
control oocytes was inhibited by addition of progesterone in the 
enzymatic assay at 20 °C—the physiological temperature for the 
maturation process—as well as at 32°C, the optimal 
temperature for the cyclase assay. There was no lag phase and 
the decrease in cyclase activity persisted for at least 60 min (in 
agreement with the prolonged reduction in cyclic AMP level 
observed in intact oocytes*). Progesterone-induced inhibition of 
cyclase activity was dose dependent: K,~ 0.1 uM (that is about 
one order of magnitude lower than the half-maximal effective 
dose of progesterone when initiating meiosis, as if some trap- 
ping or inactivation of the hormone in intact oocytes may be 
eliminated in the cell-free system). In most cases, maximum 
inhibition (at 10 pM) reached 80% of control activity. Proges- 
terone reduced the Vma of the enzyme without changing the 
apparent affinities for MgATP and MnATP substrates, and for 
the activators free Mg?” and free Mn?” (data not shown), Finally, 
cyclase activity was entirely recovered after extensive 
membrane washing, which demonstrates the reversibility of 
progesterone inhibition. Adenylate cyclase activities stimulated 
by NaF or guanyl-5’~yl imidodiphosphate (Gpp(NH)p, a GTP 
analogue not hydrolysed to GDP by GTPases in membranes) 
were also inhibited by progesterone, which also reversed 
enzyme stimulation in P-10,000 obtained from oocytes prein- 
cubated with cholera toxin (Fig. 2). In all these assay conditions, 
inhibition by progesterone was dose dependent with an 
apparent K; similar to that found in basal conditions. This effect 
of progesterone seemed to be different from the GTP-depen- 
dent inhibitions so far described, which are prevented by stable 
GTP analogues and generally abolished by cholera toxin 
pretreatment’. Progesterone inhibition did not seem to be 
mediated by an adenosine effect as it was not suppressed by 
adenosine desaminase in the assay; adenosine and progesterone 
inhibitions of cyclase in oocyte membranes were additive’. 
Furthermore, progesterone-induced inhibition of adenylate 
cyclase does not seem dependent on Ca’* concentrations. In 
intact oocytes, progesterone effect was observed in Barth’s 
medium containing 1 mM CaCh, while in cell-free experiments 
steroid inhibition occurred in the presence of 1 mM EDTA. In 
vitro, Ca**-induced inhibition of cyclase (K,=0.5 mM) and 
progesterone inhibition were additive, which suggests that these 
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Fig. 2 Inhibition by progesterone of membrane adenylate cyclase activity 
in X. laevis oocytes treated with cholera toxin or untreated. The P-10,000 
fraction was obtained from untreated X. laevis oocytes (©, @, ©) or from 
oocytes preincubated for 6k with 50 pM cholera toxin (@). Progesterone 
was added in the enzymatic assay, with no other addition (©, @), or with 
10mM sodium fluoride (@) or 1 aM Gpp(NH)p (©). The reaction was 
initiated by addition of P-10,000 (50 wg protein per assay) to the enzymatic 
assay medium. Adenylate cyclase activity is expressed as pmol of cyclic AMP 
formed in 15 min per mg protein. 
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Fig. 3 Membrane adenylate cyclase of X. laevis oocytes: specificity of 
steroid inhibition. The P-10,000 fraction was incubated with 1 uM Gpp 
(NH)p and steroids. Adenylate cyclase activity at each concentration of 
steroid tested is expressed as per cent of the activity measured in the absence 
of hormone. Percentage of germinal vesicle breakdown (GVBD) is indicated 
in the inset. It was routinely determined on 30-50 oocytes after 8 h incuba- 
tion by scoring the appearance of the ‘white spot’ at the animal pole. 
Experiments were done exactly as described elsewhere*. The steroids tested 
were: progesterone (©); progesterone + 10 uM 17a-ethynyloestradiol (@); 
testosterone (W); cortisone (A); dehydroepiandrosterone (C); hydro- 
cortisone (x); 19-nortestosterone ( ©); oestrone (tr); 17a-ethynyloestradio! 
(A) and progesterone ($). 


two inhibitors use different mechanisms. However, we cannot 
exclude the possibiltiy that changes in Ca?” contribute to the 
inhibition of adenylate cyclase activity in intact oocytes. 

The inhibitory steroid effect showed the same hormonal 
specificity as that reported for maturation in intact oocytes. In 
the P-10,000 cell-free system, testosterone and cortisone, which 
are almost as efficient in promoting meiosis as progesterone, 
were also the most active inhibitors of adenylate cyclase (K; = 
0.1 pM). Dehydroepiandrosterone, cortisol and 19-nortes- 
tosterone only reached 2/3-1/3 of the progesterone inhibitory 
activity, with an apparent K,~ 1M; oestrone, 17a-ethynyl- 
oestradiol and progestrone (1,3,5-pregnatrien-3-ol, 20-one) 
were not active. Moreover, we found that 17a-ethynyl- 
oestradiol, which antagonizes progesterone-induced meiosis 
apparently in a competitive manner’’, displaced to the right by 
one order of magnitude the dose-dependent curve of cyclase 
inhibition by progesterone (Fig. 3). 

These results provide the first example of a direct enzymatic 
action of steroids in a physiological mechanism, the enzyme 
being a typical plasma membrane component. Intriguing studies 
with glutamate deshydrogenase demonstrated that steroids can 
have allosteric effects on the enzyme", and it has been suggested 
that this could be an important mechanism for hormone 
action’*, However, the lack of hormonal specificity made this 
model system irrelevant to a physiological system. The remark- 
able correlation between steroid action on meiosis and on 
membrane adenylate cyclase inhibition strongly suggests that we 
are dealing with a biochemical event relevant to the biological 
phenomenon. Experiments are now being done to determine 
whether other steroid systems show characteristics similar to 
those observed in oocytes’*. 
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Triphenylethylene antioestrogens such as tamoxifen, nafoxidine 
and Ci 628 specifically inhibit oestrogen action at the target cell 
level‘, probably by interacting with the oestrogen receptor (ER) 
and competitively displacing oestrogens from their binding sites. 
It is not clear, however, why these ligands are less biologically 
active than oestrogens when they bind to the ER, as no reliable 
difference has been found either in the binding affinity of these 
two series of ligands to the ER or in their ability to translocate 
the ER to the nucleus’. In fact, these antioestrogens are 
transformed in vivo into hydroxylated metabolites** which 
display a better antioestrogenic activity than the injected 
compound and at least the same high affinity as oestradiol for the 
ER*. With the aim of finding an in vitro criterion to predict the 
agonistic or antagonistic properties of ER ligands, we have 
stabilized the ER in its ‘native’ or non-activated form by the use 
of molybdate”* and have compared the binding of oestradiol 
(E2) and of 4-hydroxytamoxifen (OHT), an active metabolite of 
tamoxifen, to the molybdate-treated and to the activated ER. 
We report here that molybdate prevented the DNA binding and 
the 4S to 5S transformation of the ER bound to both ligands, 
and that it increased the dissociation rate of oestrogens but not 
that of antioestrogens. Moreover, in the absence of molybdate, 
receptor activation by heating decreased the dissociation rate of 
E, but not that of OHT. We conclude that a difference exists 
between the ER activation triggered by oestrogens and anti- 
oestrogens and propose that antioestrogens are acting as allo- 
steric ligands of the ER. 

We have looked at three series of in vitro criteria for receptor 
activation. The first classical criterion is the increased affinity of 
the receptor for DNA and nuclei. The ability of lamb uterine ER 
to interact in vitro with calf thymus DNA was evaluated by 
ultracentrifugation in sucrose® and metrizamide” gradients. In 
the absence of molybdate, both the ER-E, and the ER-OHT 
complexes bound to DNA, confirming that OHT also activate 
the ER for binding to DNA in vitro® and for translocating the 
ER into the nucleus’, With molybdate, the DNA binding of the 
ER was totally inhibited whether ER was bound to an anti- 
oestrogen (OHT) or to an oestrogen (E2). A second in vitro test 
for ER activation is the E-induced 4S to 5S transformation'® 
which is also prevented by molybdate. However, both OHT and 
E, were able to transform the cytosol 4S ER into a 5S ER in the 
immature rat uterus and both processes were prevented by 
molybdate. 
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Fig. 1 Dissociation rate of oestradiol (a) and 4-hydr- 
oxytamoxifen (b) from the oestrogen receptor before and after 
heat activation. Lamb uterine cytosol (2 mg protein per mi) pre- 
pared in TE buffer (Tris-HCI 10 mM, EDTA 1.5 mM, pH 7.4) in 
the presence (O) or absence (@, x) of 19mM MoO?” was 
incubated for 2h with 5nM °H-oestradiol (E,) (CEA: Specific 
activity 55 Ci mmol!) or 7H-4-hydroxy-trans-tamoxifen (OHT) 
(specific activity 15.8 Ci mmol” ') prepared biologically from 3H. 
tamoxifen or provided by ICI. One part of the cytosol without 
MoO2” was activated by a 30-min treatment at 25°C, the other 
part was maintained at 0°C, the dissociation rate was then deter- 
mined at 25 °C as described elsewhere’, following the addition of 
1 aM unlabelled E; at time 0. At the indicated times, aliquots were 
removed and cooled at 0°C. The specific binding to the ER was 
determined after 90 min incubation with charcoal suspension’; the 
non-specific binding was evaluated in a parallel experiment per- 
formed with 1M unlabelled Ez. Results were normalized by 
taking the pre-dissociation value as 100%. The complexes were 
stable during the course of the assay. x (25 °C), preactivated ER; ® 
(0°C), non-preactivated ER; O (MoO{”), molybdate-treated ER. 
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Table 1 Effect of molybdate on the dissociation rate (k~) of various 
oestrogens and antioestrogens from the oestrogen receptor 





a, Species specificity (k™, x 1074874) 


Calf Lamb Rat Mouse Chicken MCF, 


Temperature (°C) 20 20 20 20 15 20 
Ez 
Control 0.47 0.14 0.64 1.27 0.68 O51 
+Molybdate 1.10 0.28 2.40 4.01 1.75 1.04 
% Increase 135 100 275 215 155 105 
OHT 
Control 
+Molybdate 0.56 0.47 0.69 0.88 0.20 1.92 


% Increase O+10 ~0 ~0 wef) ~O ow) 





b, Ligand specificity (k~, x10" =) 


Temperature 
CC) Control +Molybdate % Increase 
E: 20 0.14 0.28 100 
E, 20 6.60 11.91 8&6 
Es 20 0.31 0.58 120 
5-Adiol 0 0.63 1.13 80 
OHT 20 0.47 0.47 af} 
T 0 2.30 2.30 sxf} 
Ci 628 0 0.85 O.85 ont} 


PS cae a EAA A A E AE E, 

a, Species specificity: the dissociation rate constants of E; and OHT 
from the cytosol ER of calf, lamb, rat and mouse uterus, of chicken 
oviduct and of the MCF; human breast cancer cell line were determined 
at 20°C or 15 °C (chicken), following heat ‘activation’ in the presence or 
absence of 10 mM sodium molybdate as described.in Fig. 2 legend. The 
kT values calculated after correction for nonspecific binding and their 
percentage increase due to molybdate are presented. For OHT studies, 
the difference between the two linear regressions drawn through the 
points obtained with and without molybdate was zero or less than 
10%. We have therefore represented only the mean values. b, Ligand 
specificity: the k from the cytosol ER of lamb uterus has been deter- 
mined at 20 or 0°C as described in Fig. 2 legend for various oestrogens 
(oestradiol = E,; oestrone = E,; oestriol = Ea; androsta-5-ene-38,178- 
diol = 5-Adiol) and antioestrogens (C1628; tamoxifen=T; 4- 
hydroxytamoxifen = OHT). 
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Recently, a third criterion has been proposed®'*"*, the slower , 


dissociation rate of oestrogens from the activated ER than from 
the ‘native’ non-activated ER. We therefore compared the 
dissociation rate at 25°C for °H-E, and *H-OHT (Fig. 1). As 
already described”, the dissociation rate from the cytosol ER 
varied according to whether the cytosol was treated at 0°C or 
~ was preheated at 25°C to activate the complex. In the initlally 
non-activated ER, the dissociation of "H-E, was biphasic. The 
first slope was more rapid than the second which corresponded 
to the activated complex formed during dissociation. When the 
cytosol ER had been preactivated, the dissociation was mono- 
phasic and parallel to the second slope. Conversely, with °H- 
OHT, no difference of dissociation could be seen whether or not 
the cytosol was preheated at 25 °C. This suggested a difference 
of activation between the ER-E, and ER-OHT complexes. 
Because the measurement of the dissociation rate for these 
high-affinity ligands required elevated temperature which also 
activated the receptor, we then tried to stabilize the native 
non-activated receptor by using molybdate. 

As seen in Fig. 1, the ER-E, complex continued to dissociate 
at the initial rate in the presence of molybdate, which apparently 
prevents ‘the activation . Conversely, we found no 
difference for the dissociation of *H-OHT from the ER. This 
seems to be a general phenomenon because, in all species tested, 
the dissociation of E} was more rapid from the molybdate- 
. stabilized ER, whereas that of OHT was generally not modified 
by molybdate (Fig. 2, Table 1). In the rat and mouse uterus 
where antioestrogens are partial agonists’’, the dissociation rate 
of OHT was also unchanged by molybdate. However, in these 
species, the metabolite(s) responsible for the agonist activity are 
unknown. Other oestrogens—oestrone, oestriol and androste- 
5-ene, 38, 17B-diol (5-Adiol)—»which bind to the ER with a Kp 
of 6nM (ref. 14), also dissociated more rapidly from the ER 
stabilized with molybdate than from the untreated ER (Table 


16). Conversely, the dissociation rate of the other antioes-— 


trogens, tamoxifen and Ci 628, was not altered by molybdate in 
lamb uterus, i i 

These kinetic experiments indicate an increased affinity of E2 
for the ER during its activation, in contrast to a relatively 
constant affinity of antloestrogens for the ER. Thus, when 
‘antioestrogens compete with E, for binding to the ER, the 
competition should be more effective initially and should 
diminish progressively with time, E, displacing the antioes- 
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Fig.2 Effect of molybdate on the dissociation rate of oestrogens 
and antioestrogens from the oestrogen receptor. a, b, Calf uterine 
cytosol prepared with (O, A) or without (@, A) 10 mM MoO” was 
incubated for 2 h with 5 nM *H-E, (O, @) or “H-OHT (A, A). The 
cytosol ER was then heated for 30 min at 25 °C and the dissociation 
rate at 20°C was evaluated as described previously®. Each value 
was corrected for nonspecific binding. The stability of the 
complexes was assayed separately C], W, ©, ©). Results were 
normalized by taking the pre-dissoclation value as 100%. c, d, 
Same experiment with cytosol of the MCF, human breast cancer 
cells. The ER was activated at 20°C. e, f, Dissociation rate at 0°C 
from lamb uterine cytosol incubated with 20 mM °H-androsta-5- 
ene, 38,176-diol (O, @) (specific activity 58.6 Cl mmol‘) or °H- 
C1628 (A, A) (22.5 Ci mmol!™), both from the Radiochemical 
Centre), in the presence or absence of 2 uM diethylstilboestrol to 
assay nonspecific binding. After heating for 30 min at 25°C, the 
dissociation of the ligands at 0°C was assayed by adsorption with 
charcoal for 30 min at 0°C. 


trogen from the ER. We have previously observed such a 
displacement’*. To specify whether this displacement was due to 
the activation of the ER or simply to a lack of equilibrium 
betwéen the two ligands and the ER", we have tested the effect 
of molybdate during competition of *H-E, binding by tamox- 
ifen. Figure 3 shows that the competitive efficiency of tamoxifen 
was increased by the addition of molybdate. However, the 
time-dependent increase of E, binding was still observed, 
suggesting that it was due partly to a lack of equilibrium and 
partly to receptor activation. 

The action of non-steroidal antioestrogens is mediated either 
by the ER as classically proposed or by other receptor entities, 
such as the recently described” protein binding specifically 
antl-oestrogens. In support of the latter hypothesis, we have 
found in MCF, breast cancer cells, which do not metabolize 
tamoxifen or OHT, that OHT is more active than tamoxifen in 
inhibiting the induction by E, of a 46,000 molecular weight 
protein’™® and in preventing cell growth’. However, the finding 
that the effect of antioestrogensin MCF, cells” andin chick liver” 
is fully and rapidly reversed by the addition of oestrogens, 
strongly suggests that these antioestrogens are simply acting by 
competing with oestrogens on the ER. Nevertheless, it is not 
clear why the ER-antioestrogen complex is not fully active or is 
in some cases totally unable to induce oestrogen-specific pro- 
teins. The simplest explanation is that the E,-induced activation 
of the ER is different from that triggered by an antioestrogen. 
This altered activation of the ER by antloestrogen might there- 
fore be detectable before the nuclear translocation step, even 
though its consequence will be located at sites of interaction with 
chromatin. An alternative hypothesis is an altered interaction 
with chromatin of a normally activated ER-antigestrogen 
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Fig. 3 Time-dependent variation of competitive efficiency of 
tamoxifen and effect of molybdate. Lamb uterine cytosol was 
incubated in the presence (©) or absence (@) of molybdate with 
2nM °H-E,+0.5 uM tamoxifen for the indicated time periods. 
The *H-E,-specific binding was determined by charcoal assay“ and 
the binding obtained in the presence of tamoxifen was expressed as 
a percentage of the non-inhibited binding at each point. 
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Fig. 4 A model for two types of oestrogen receptor activation 
induced by oestrogens or antioestrogens, The native ER (R,) is in 
the cytosol. After interaction with antioestrogens (anti-E,), it is 
activated for nuclear translocation (R*} but not for a complete 
action. After interaction with oestrogens (E,), the ER is fully 
activated for nuclear translocation and for action (R**). We pro- 
pose to differentiate between the two types of activation by 
measuring the in vitro dissociation rate of ligands from the molyb- 
date-stabilized Ri and the activated R. Whereas oestrogens dis- 
sociate at a slower rate from R** than from R,, antioestrogens 
dissociate at the same rate from both R* and R,. The width of the 
full arrows indicates the relative affinity of the ligands for each 
receptor state. 


complex. This could be envisaged, for instance, as a direct 
interaction of the free drug with DNA or protein in chromatin. 
Our results strongly support the first possibility. This difference 
of activation by antioestrogens is detected before the trans- 
location step by simply analysing the dissociation rate of the 
antioestrogen from the ER with and without molybdate. The 
consequence of this impeded activation is probably located at 
the chromatin level, where the ER is thought to trigger the first 
biochemical responses. 

As the oestrogens but not the antioestrogens are able to 
transform the ER-ligand complex into a more slowly dissociat- 
ing form, although both ligands can induce the ER nuclear 
translocation, we propose two kinds of ER activation (Fig. 4). 
The first (R*) would be obtained after binding of any ligand, 
oestrogen or antioestrogen, and would trigger a covalent or 
conformational change of ER allowing its nuclear localization. 
The second type of activation (R™) would be obtained only after 
binding to oestrogens and would induce a more complete 
modification of the ER, giving a full metabolic response. A 
practical in vitro criterion for a full biological activation of the 
receptor would therefore be a modification of the ER binding 
site such that the dissociation rate of agonists, but not 
antagonists, is reduced. It is thus possible to discriminate 
between oestrogen agonists and antagonists by simply compar- 
ing the dissociation rate constants of the ligands from the 
molybdate-stabilized (non-activated) and from the activated 
forms of the ER. Note that it is not the actual value of the k7, but 
rather its variation during ER activation, which characterizes an 
active oestrogen. In this model, the affinity of the antioestrogen 
for the activated and non-activated ER would be similar, 
whereas the affinity of oestrogen would be higher for the 
activated form of the ER. We propose that antioestrogens act as 
allosteric” ligands which stabilize the ER in inactive (R) or 
partially activated form (R*), whereas oestrogens stabilize the 
receptor in a fully activated form (R**). These results further 
support the generally accepted idea that antioestrogens act via 
the ER and not via a distinct receptor molecule specific for 
antioestrogens. 
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Cultured cell lines of human tumour origin as well as celis 
transformed by various RNA tumour viruses secrete low mole- 
cular weight polypeptide transforming growth factors (TGFs)*”. 
In addition to competing with epidermal growth factor (EGF) 
for binding to its cellular receptor, TGFs can transform 
morphologically fibroblast and epithelial cells in culture’*, In 
view of accumulating evidence that tyrosine phosphorylation 
activity is associated with the transforming genes of various 
tumour viruses**, we determined whether phosphotyrosine 
levels were elevated in these human tumour cells. We show here 
that TGFs produced by human tumour cells induce phos 
phorylation of specific tyrosine acceptor sites in the 160,000- 
molecular weight (160 K) EGF receptor. 

The demonstration of increased levels of phosphotyrosine» 
containing proteins in cells transformed by avian” and mam- 
malian? '* RNA tumour viruses raises the question of whether 
regulatory pathways which involve tyrosine phosphorylation 
may also have significance in the aetiology of spontaneous and 
chemically induced tumours. We therefore examined phos- 
photyrosine levels in several established human tumour cell 
lines. Of six independently derived lines analysed, none showed 
overall phosphotyrosine concentrations that were significantly 
greater than those of untransformed control Fisher rat embryo 
cells (Table 1). Similarly, we (data not shown) and Sefton et al” 
have analysed many non-virally transformed mammalian cells 
of other than human origin and found that the phosphotyrosine- 
containing protein levels are comparable with those of untrans- 
formed cells. In analogous assay conditions, as reported 
elsewhere’??? cells transformed by either Gardner feline 
sarcoma virus (FeSV) or Abelson murine leukaemia virus 
(AbLV) show 8-10-fold increases in phosphotyrosine levels, 





0028-0836/81/290259—04$01.00 





© 1981 Macmillan Journals Ltd 


260 








Table 1 Phosphotyrosine levels in human tumour and Fisher rat cells after 
exposure to either EGF or human TGF 





Phosphotyrosine (% of total phosphoamino 


acids) 
EGF- TGF- 
Cell line Untreated stimulated stimulated 
Human tumour: 
A431 carcinoma <0.2 2.6 2.4 
4673 rhabdomyosarcoma <0.2 <0.2 <0.2 
A2058 melanoma 0.4 0.4 <0.2 
A875 melanoma <0.2 0.3 NT 
JARC2 carcinoma <0.2 <0,2 NT 
A204 rhabdomyosarcoma <0.2 <0.2 NT 
Fisher rat: 
Control <0,2 <0.2 <0.2 
AbLV -transformed 1.9 2.0 NT 
G-FeSV -transformed 1.7 1.9 L8 
M-MSV -transformed <0.2 <0.2 NT 





Cell lines were cultured in Dulbecco's modification of Eagle’s medium as 
described previously’. Phosphotyrosine determinations were performed by 
incubation of cells in medium containing **P-orthophosphate (1.0 mCi ml!) and 
as indicated above, either EGF (0.1 yg ml~') or transforming growth factor (TGF 
10 pg ml”'), partially purified from medium of A673 cultures. *’P-labelled pro- 
teins were prepared, hydrolysed and phosphoamino acids subjected to two- 
dimensional separation on cellulose TLC plates as previously described'*. Indivi- 
dual *P-labelled phosphoamino acids, including phosphoserine, phos- 
phothreonine and phosphotyrosine, were scraped off TLC plates and radioactivity 
quantified by liquid scintillation counting. Results are expressed as “°P label in 
phosphotyrosine as a percentage of label in total phosphoamino acids. NT, not 
tested. 


while the levels of phosphotyrosine in Moloney sarcoma virus 
(MSV)-transformed cells are similar to those in control cell lines. 

In view of the phenotypic response of embryo fibroblasts to 
TGFs and EGF-stimulated tyrosine-specific protein kinase 
activity associated with the EGF membrane receptors'*, we 
examined phosphotyrosine levels in human TGF- and mouse 
EGF-treated cells. As shown in Table 1, the human tumour line 
with the greatest concentration of available EGF receptors, 
A431 (refs 15, 16), showed a pronounced increase in total 
phosphotyrosine in response to either EGF or TGF, isolated 
from the culture fluids of the A673 rhabdomyosarcoma cell 
line’. The overall extents of tyrosine phosphorylation in these 
growth factor-treated cells were comparable with those found in 
RNA tumour virus-transformed cells. Concentrations of phos- 
photyrosine in other cell lines, including A673 and A2058, 
which themselves are high-level producers of TGFs’, remained 
unaltered after exposure to either human TGF or mouse EGF. 
Finally, the already elevated levels of phosphotyrosine in 
Gardner FeSV- and AbLV-transformed rat cells showed no 
further increase in response to either growth factor. 

The A431 cell substrate(s) phosphorylated in response to 
TGFs were identified by an in vitro extract labelling procedure, 
which has been previously shown to result in preferential phos- 
phorylation of tyrosine acceptor sites'’. Figure 1 shows that 
phosphorylation of a 160,000-M, major protein was observed 
after exposure of A431 cells to EGF for 1 min (lane a), but was 
not seen in control cells (lane c). **P-labelling of this substrate, 
designated P160, was observed at EGF concentrations as low as 
0.01 mg mi”? (Fig. 1, lane k), and was maximal at 1.0 pg mI"! 
(Fig. 1, lane m). On the basis of both M, and immunoprecipita- 
tion by an antiserum which specifically blocks binding of '**I- 
labelled EGF to the previously described 160K EGF 
membrane receptor, this phosphorylated cellular substrate was 
thought to be the EGF receptor itself. Exposure of A431 cells 
for 1 min to 100 yg ml” of either A673 human tumour-derived 
TGF (lane e) or sarcoma growth factor (SGF) isolated from 
supernatant fluids of MSV-transformed cells’ (lane g) resulted 
in P160 phosphorylation comparable with that observed for 
higher levels of EGF (1.0 yg ml™'). The higher specific activity 
of EGF as measured by stimulation of P160 phosphorylation or 
inhibition of '**I-labelled EGF binding reflects the fact that it 
was fully purified whereas the TGF and SGF used here were 
only 1% pure. In experiments in which the length of exposure to 
EGF or TGF was increased to 10 min before extract pre- 
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paration, the extent of *’P-labelling of P160 was considerably 
reduced and a second’’P-labelled substrate of ~35,000 M, was 
observed. Analysis of Fisher rat cells for growth factor-induced 
phosphorylation of P160 showed no change in response to either 
EGF or TGF (Fig. 1, lanes f, h). Several lower molecular weight 
(20,000-40,000) proteins were phosphorylated in extracts of 
TGF- and SGF-treated rat cells but their significance is 
unknown. Other growth stimulatory factors including phorbol 
ester derivatives and insulin, when tested for stimulation of EGF 
receptor phosphorylation, had no effect in these assay condi- 
tions. Moreover, pretreatment of cells with phorbol ester 
derivatives in conditions previously shown to modulate EGF 
binding’? by converting available sites from high to low 
affinity'®’°, did not affect phosphorylation of P160 in response 
to either EGF or TGF. 

Both the human and MSV-transformed mouse cell-derived 
factors have been further purified by HPLC*'. Individual 
column fractions were assayed for inhibition of EGF binding, 
transformation of cultured rat embryo fibroblasts and stimula- 
tion of EGF receptor phosphorylation. All three activities co- 
purified in a region of a column representing <2.0% of the total 
input protein which argues strongly that EGF receptor-induced 
phosphorylation was due to the respective TGFs. In other 
studies, heating these factors in conditions (100 °C, 5 min) which 
inactivate protein kinases neither destroyed the ability of TGFs 
to bind to EGF receptors nor altered P160-induced phos- 
phorylation. Thus, the EGF receptor phosphorylation requires a 
kinase associated with the receptor. Binding of EGF, SGF, or 
TGF to this receptor alters its properties to give phosphorylation 
of the receptor protein. 

These findings identify a substrate, P160, which is labelled in 
the presence of [y-° P]ATP in extracts of growth factor-treated 
but not untreated control cells. To test whether these extracts 
represented tyrosine acceptor sites, the 160 K EGF receptor, 
phosphorylated in response to EGF or to TGF, using in vitro 
extract labelling conditions, was eluted from SDS-poly- 
acrylamide gel electrophoresis gels by trypsinization, and sub- 
jected to phosphoamino acid analysis. Figure 2 shows that 





Fig. 1 SDS polyacrylamide gel electrophoresis (SDS-PAGE) analysis of 
substrates phosphorylated in A431 cell extracts in response to treatment 
with either mouse EGF or human TGF. A431 human tumour cells (a,c,e,g, i- 
n) and Fisher rat embryo cells (4.4,f,4) were grown to confluency in single 
wells (1 cm diameter) of 24-weil cluster plates (Costar), Culture fluids were 
aspirated, and cells rinsed with 10 mM sodium phosphate pH 7.2, 100 mM 
NaCl and $ mM MeCl,. A total of 0.05 ml of the same buffer containing 
0.001 (7), 0.01 (k), 0.1 (/), LO (m) or 10 {a,b,n) ug EGF, or partially purified 
20,000-M, preparations from P-100 columns of either TGF (1 mg; e, f} or 
SGF (1 mg; g.h), were added. Cultures were kept at 25°C for 1 min, then 
disrupted by incubation for 1 min at 4°C in 0.05 ml 10 mM sodium phos- 
phate pH 7.2, 100 mM NaCl, 1% Triton X-100, 0.5% sodium deoxycholate 
and 5mM MgCl, buffer. [ y- P]ATP (50 pCi) was added and incubation 
continued for a further 1 min. Reactions were stopped by addition of 0.05 ml 
of 0.65 M Tris-HCI pH 6.7, 1.0% SDS, 10% glycerol, 2.5% 2-mercap- 
toethanol and 0.1% bromphenol blue, heated for 2 min at 90°C and analysed 
by SDS-PAGE as described elsewhere”. Molecular weight standards include 
“C-Jabelled myosin (M, 200,000), phosphorylase b (98,000), bovine serum 
albumin (69,000) and carbonic anhydrase (30,000). 
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Fig.2  Phosphoamino acid analysis of the 160 K EGF membrane receptors 
of A431 cells ??P-labelled in vitro after exposure of cells to either mouse 
EGF or human TGF. A431 cells were incubated in medium containing 
mouse EGF (1 pg ml"; a) or human TGF (100 wg m!™'; b}, extracts pre- 
pared, and in vitro phosphorylation reactions performed as described in Fig. 
1 legend. Snyder~Theilen FeSV P115 was immunoprecipitated by anti- 
FeLV from an extract of nonproductively transformed Fisher rat cells after 
labelling with [y-°?PJATP (c). y-**P-labelled proteins were recovered 
from gel slices by incubation in TPCK-trypsin (50 pg mi”! in 0.05 M 
ammonium bicarbonate, pH 8.0; Worthington) for 6 h at 37 °C. Supernatant 
fluids were filtered, lyophilized, washed by resuspension in H,O and rely- 
ophilized. Tryptic peptides were hydrolysed in 6.0 M HCI at 100°C for 1h 
and two-dimensional phosphoamino acid determination performed as 
described elsewhere'*. The positions of unlabelled standards including 
phosphothreonine (p-Thr), phosphotyrosine (p-Tyr) and phosphoserine (p- 
Ser) are indicated by dotted circles. 


32p.labelled P160 in extracts of either TGFia)- or EGF(b)- 
treated cells contained phosphotyrosine as its major labelled 
phosphoamino acid, with smaller amounts of phosphothreonine 
and phosphoserine. Similar results were obtained for P160 
isolated from extracts of SGF-treated cells. The relative pro- 
portions of **P-labelled phosphoamino acids in P160 after 
growth factor-activated phosphorylation were comparable with 
those found in Gardner FeSV P115 (Fig. 2c), a representative 
type C virus—encoded transforming protein with tyrosine- 
specific protein kinase activity’. 

Although each of the growth factors examined here compete 
with EGF for binding to its receptor, only SGF and TGF 
phenotypically transform cells in culture. Analysis of the 160K 
EGF receptor in A431 cells by tryptic peptide mapping after 
either EGF- or human TGF-induced phosphorylation, revealed 
one major (no. 6) and seven minor phosphorylated peptides with 
corresponding positions, whether the tyrosine kinase was 
activated by EGF or by TGF (Fig. 3). On phosphoamino acid 
analysis of individual peptides, each was shown to contain 
tyrosine as its major phosphorylated species. 

Cells transformed by several different RNA tumour viruses 
show an increase in the overall phosphotyrosine content of their 
proteins while those transformed by other RNA tumour viruses 
(mouse sarcoma, rat sarcoma)*’~'!'? resemble the human 
tumour cell lines examined here in that their phosphotyrosine 
levels are not significantly greater than in untransformed cells. 
These differences may reflect the fact that viral transforming 
proteins encoded by avian sarcoma viruses**, Gardner and 


Snyder-Theilen FeSV°""' and AbLV’*"? are expressed at rela- 
tively high levels and all possess intrinsic acceptor sites for 
tyrosine-specific protein kinase activities. Similarly, the increase 
in total cellular phosphotyrosine in A431 cells in response to 
EGF or TGF stimulation may be due to the exceptionally large 
number of EGF receptors (2-3 x 10° per cell) in the A431 cell 
line. Thus, the inability to detect overall increases in phos- 
photyrosine in most spontaneously and chemically transformed 
cells does not argue against a pivotal role of tyrosine phos- 
phorylation in the maintenance of transformation of such cells, 

The phenotypic response of cells to both human and mouse 
cell-derived TGFs is strikingly different from their response to 
EGF, whereas A431 cells show similar phosphorylation 
responses to these two classes of growth factor. It is possible 
that, in addition to their binding to, and phosphorylation of, the 
160 K major EGF membrane receptor, TGFs interact with an 
unidentified TGF-specific cell receptor. Alternatively, inter- 
action of growth factors with, and resulting tyrosine phos- 





Fig. 3. Two-dimensional tryptic analysis of phosphopeptides derived from 
the 160 K EGF membrane receptor of A431 cells *°P-labelled in vitro in the 
presence of human TGF. Extracts were prepared and in vitro phos- 
phorylaton reactions performed as described in Fig. 1 legend. **P-labelled 
proteins were recovered from gel slices by incubation in TPCK-trypsin as 
described in Fig. 2 legend, then incubated for 2 h at 4°C in 0.1 ml of chilled 
performic acid (30% H,O, and 90% formic acid (1:4) preincubated for 2 h 
at room temperature), diluted with 2 ml H,O, lyophilized, resuspended in 
electrophoresis buffer (acetic acid/ formic acid/water, 15:5: 80, pH 1.9} and 
spotted on to 10 x 10 cm TLC glass plates. Electrophoresis was for 30 min at 
500 V and chromatography was done in the second dimension in buffer 
containing butanol, pyridine, acetic acid and water (32:25:5:20). 
Radiolabelled tryptic peptides were visualized by autoradiography. 


phorylation of, the 160 K EGF receptor could be part of the 
pathway leading to the transformed phenotype. Minor 
differences in the tryptic phosphopeptide maps of the P160 
receptor labelled in response to EGF- and TGF-induced phos- 
phorylation might reflect differences in the interaction of P160 
with these growth factors. 

The significance of protein kinases which have specificity for 
tyrosine acceptor sites both in RNA tumour virus-transformed 
cells and in response to growth regulatory factors is not fully 
understood. Recent reports of a series of cellular protein 
kinases, which are activated by phosphorylation of tyrosine 
acceptor sites and in turn have specificity for tyrosine residues, 
may be relevant”. Activation of this pathway leads to phos- 
phorylation of a tyrosine regulatory site(s) on the cellular (Na* + 
K*)ATPase and seems to involve the cellular analogues of 
certain RNA tumour viruses”. It remains to be determined 
whether phosphorylation of cellular receptors in response to 
TGFs directly leads to cell transformation by activation of a 
phosphorylation cascade. 
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The octapeptide angiotensin II is a major regulator of the 
adrenal glomerulosa zone, acting both as an acute stimulus of 
aldosterone secretion and as a trophic hormone which increases 
steroidogenic enzymes and angiotensin II receptors in glomeru- 
losa cells’*. Angiotensin I also mediates the adrenal effects of 
altered sodium balance, and is essential for the aldosterone 
response to sodium restriction’*. However, the adrenal effects 
of angiotensin I are attenuated during sodium loading, suggest- 
ing that other local or humoral factors modulate its actions on 
adrenal glomerulosa function**. Somatostatin, the somatotro- 
pin release inhibiting factor of the hypothalamus, has been 
shown to inhibit the secretion and action of several pituitary” 
and non-pituitary hormones’. Because somatostatin has been 
found in several non-neural tissues, and seems to act as a local 
regulator of endocrine function, we have now examined the 
possibility that it may also modulate the effects of angiotensin II 
in the adrenal glomerulosa cell. Our studies have shown that low 
concentrations of somatostatin specifically inhibit the produc- 
tion of angiotensin H-stimulated aldosterone, and that 
this action is mediated by specific, high-affinity receptors for 
somatostatin in the zona glomerulosa. 

When incubated with collagenase-dispersed rat adrenal 
glomerulosa cells'*, somatostatin markedly inhibited the ability 
of angiotensin II to stimulate aldosterone formation. As shown 
in Fig. 1, the maximal aldosterone response to angiotensin Il was 
reduced by 43% in the presence of 1 nM somatostatin, and was 
abolished by 1 uM somatostatin. In contrast, the aldosterone 





responses to other stimuli, including potassium, ACTH and 
8-bromo-cyclic AMP, were completely unaffected by somato- 
statin at concentrations of up to 1 pM. Although low concen- 
trations of somatostatin (107'°-10°? M) had no effect on basal 
aldosterone production, higher concentrations (> 107° M) hada 
minor stimulatory effect on aldosterone production. The latter 
effect was inconstant and varied with the source and batch of the 
peptide, whereas the inhibitory effect of low concentrations of 
somatostatin was always evident. The inhibitory effects of 
somatostatin on the stimulation of aldosterone by increasing 
concentrations of angiotensin II are shown in Fig. 2. Without 
changing the basal aldosterone production, 107'’ and 10° M 
somatostatin reduced the maximal aldosterone responses to 
angiotensin H. Higher somatostatin concentrations (107° and 
10°? M) also decreased the maximal responses to angiotensin II, 
although basal aldosterone production was elevated due to the 
direct stimulatory action of the somatostatin preparation used in 
this experiment. Micromolar concentrations of somatostatin 
completely abolished aldosterone responses to angiotensin II 
concentrations up to 107° M. 

To elucidate the mechanism by which somatostatin exerts its 
specific inhibitory effect on angiotensin IT action, we analysed 
the interactions of synthetic somatostatin with adrenal receptors 
for angiotensin IT and somatostatin. In '**I-angiotensin II bind- 
ing studies, several somatostatin preparations completely 
inhibited angiotensin II binding, but with varying half-maximum 
potencies (IDs) of 4.2+1.0X 107° M, 3.8+2.5x107 M and 
§.1+1.2x10°°M for Beckman lots E0535 and B00926, and 
Peninsula peptides, respectively. These concentrations were 
similar to those required for stimulation of aldosterone produc- 
tion by the individual preparations, suggesting that interaction 
with the angiotensin receptor is responsible for their weak 
steroidogenic effects. This possibility was supported by the 
ability of the angiotensin II antagonist [Sar’, Ala? ]angiotensin H 
in three experiments (not shown) to inhibit the aldosterone 
responses to both 10°° M angiotensin II and 10°’ M somato- 
statin, while the ACTH-stimulated aldosterone response was 
unchanged. The basis of the direct actions of certain somato- 
statin preparations on the angiotensin I receptor is not known, 
but such high-dose effects are not relevant to our main finding, 
that low concentrations of somatostatin consistently inhibit the 
aldosterone response to angiotensin II. 

The specific inhibition of angiotensin-stimulated aldosterone 
responses by low somatostatin concentrations could not be 
explained by interaction with the angiotensin II receptor. Thus, 
nanomolar concentrations of somatostatin did not influence 
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Fig. 1 Effect of somatostatin (Beckman, lot E0535) on basal and 

stimulated aldosterone production in collagenase-dispersed rat 

adrenal glomerulosa cells. Aliquots containing 1-2 x 10° cells 

were incubated for 2 h and aldosterone production was determined 

by direct radioimmunoassay of the incubation media’*, Bars 

represent the mean and s.e. of three experiments. All, angiotensin 
II; 8Br-cAMP, 8-bromo-cyclic AMP, 
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angiotensin II binding, yet significantly decreased the aldo- 
sterone responses to angiotensin II, suggesting that the peptide 
could act through specific receptors in the glomerulosa zone. In 
binding studies with '**I-Tyr'-somatostatin, specific high- 
affinity receptor sites for somatostatin were found in the adrenal 
capsule, which contains most of the zona glomerulosa layer (Fig. 
3). In contrast, particulate fractions from the decapsulated 
adrenal displayed only 10% of the binding found in adrenal 
capsules (data not shown). In six experiments, the mean binding 
capacity for somatostatin was 329 + 64 fmol per mg of adrenal 
capsular protein, and the association constant (K,) was 0.9+ 
0.3 x 10'° M~. The binding of '?°I-Tyr’-somatostatin to adrenal 
capsular particles was saturable and specific, with no displace- 
ment by angiotensin II, [D-Ala°]gonadotropin releasing 
hormone, vasopressin, oxytocin and substance P, at concen- 
trations up to 107° M. The specificity of the somatostatin recep- 
tor sites has been confirmed in studies which demonstrate that a 
series of somatostatin analogues displace '**I-Tyr'-somatostatin 
from adrenal capsular membranes with potencies that correlate 
with their ability to inhibit angiotensin II-stimulated aldo- 
sterone’’. 

Somatostatin has been identified by immunofluorescence 
studies in specific cells of several tissues including thyroid’, 
pancreas''? and gastric mucosa'*'*’*, and local release of the 
peptide has been proposed to control the function of endocrine 
cells. Evidence for such a mechanism in the glomerulosa zone 
was sought by analysing the endogenous somatostatin content of 
the adrenal capsule. Tissues were homogenized in 2 M acetic 
acid, boiled for 5 min and centrifuged at 15,000g. The super- 
natant was lyophilized and the somatostatin content of the 
extract was determined by radioimmunoassay”. The 
immunoreactive somatostatin in extracts from adrenal capsules 
was 1,817+ 200 pg per mg, compared with 146+ 15, 7.6+1.3 
and 10.3+2 pg per mg in extracts of decapsulated adrenals, 
urinary bladder and aorta, respectively. The values observed in 
adrenal capsule were comparable with those present in the 
pancreas and gastrointestinal tract'*, and were much higher than 
could be attributed to peptide binding to the specific receptor 
sites of the zona glomerulosa. 

These data demonstrate the presence of somatostatin recep- 
tors and well defined actions of the tetradecapeptide in the 
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Fig. 2 Inhibition of aldosterone responses to angiotensin II 

(107° M) by somatostatin (SRIF) in collagenase-dispersed adrenal 

glomerulosa cells. Data points are the mean of duplicate incuba- 
tions in one of three similar experiments. 
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Fig. 3 Saturation curve and Scatchard plot of the binding of 
somatostatin (SRIF) to adrenal particles. Tyr -SRIF (Peninsula) 
was iodinated with '*71 by a modification of the technique of 
Hunter and Greenwood", using prolonged incubation with low 
concentrations of chloramine T (lpg) The reaction was 
terminated by addition of an excess of tyrosine, and the labelled 
peptide was purified by chromatography on a 0.7 x 14 cm Biogel 
P-2 column eluted with 0.01 M acetic acid. Specific activity of the 
tracer was 1,500-2,000 uCi per pg and maximum binding to excess 
receptors was 40-60%. Binding assays were performed by incuba- 
tion of 50-100 ug of protein in 50 mM Tris-HCI buffer, pH 7.4, 
containing 10 mM MgCh, 2mM EGTA, 20 pg ml” bacitracin, 
50 ug ml ' Merthiolate and 1% bovine serum albumin in a total 
volume of 500 jl. Incubations were performed for 30 min at 20°C, 
and bound '°I-Tyr'-SRIF was separated by filtration through 
Whatman GF/C glass fibre filters. Nonspecific binding was deter- 
mined in the presence of 10°’ M unlabelled SRIF and this value 
(<1% of total radioactivity added} was subtracted from total 
binding to yield specific binding (8-15% of the total radioactivity 
added). Data points are the mean of duplicate incubations from a 
typical experiment. 


adrenal glomerulosa zone. Somatostatin specifically inhibited 
the aldosterone responses to angiotensin II, and this effect was 
manifested at much lower concentrations cf the peptide than 
those required to inhibit angiotensin H binding. Therefore, it is 
likely that somatostatin exerts its inhibitory effect on angio- 
tensin Il-induced aldosterone responses by interacting with 
specific high-affinity receptors and modulating the second 
messenger system that mediates the action cf angiotensin II on 
aldosterone biosynthesis. The occurrence of high concentrations 
of immunoreactive somatostatin in the adrenal capsule suggests 
that, as in certain other tissues, somatostatin is locally secreted 
and could exert a regulatory action on target cell responses to 
endocrine stimulation. The highly specific inhibitory action of 
somatostatin on angiotensin II-stimulated aldosterone produc- 
tion could be relevant to the changing sensitivity of the adrenal 
glomerulosa zone to angiotensin II during the physiological 
control of aldosterone secretion. 

We thank Dr S. Bathena for performing radioimmunoassay of 
somatostatin in tissue extracts. . 
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Calcium (Ca?*) seems to have an informational role in many 
tissues. In particular, it fulfills the requirements of a second 
messenger for gonadotropin releasing hormone (GnRH)-stim- 
ulated luteinizing hormone (LH) release from the pituitary 
gonadotrope (see ref. 1 for review). Very little is known about 
the effect of this ion on intracellular targets or the mechanism by 
which Ca?* mobilization stimulates LH release. One intracel- 
lular target for Ca?* is calmodulin, a ubiquitous intracellular 
Ca’* receptor that has been shown to modulate many cellular 
functions, including cyclic nucleotide and glycogen metabolism, 
protein phosphorylation, microtubule assembly and disassem- 
bly, Ca* flux, and the activities of NAD kinase, tryptophan 5 
monooxidase and phospholipase A, (see refs 2-5 for reviews). 
We have now used a specific and sensitive radioimmunoassay to 
determine the quantity and distribution of calmodulin in the 
gonadotrope before and during GnRH-stimulated LH release. 
The data indicate that GnRH stimulates redistribution of 
calmodulin from the cytosol to the plasma membrane and 
suggest that the molecule may have a role in the mechanism of 
stimulus—secretion coupling. 

Figure 1 shows the distribution of calmodulin in the sub- 
cellular fractions (expressed as a percentage of the homogenate) 
at the indicated dose and time after GnRH injection. There is an 
initial rise in the percentage of calmodulin associated with the 
plasma membrane which appears concomitantly with the 
depletion of cytosolic calmodulin. The increase occurs with a 
time course similar to that of secretion of LH into the blood. As 
the calmodulin begins to disappear from the plasma membrane 
fraction, its level increases first in the mitochondrial/granule 
and microsomal fractions and finally in the cytosol. There is also 
a dose-response relationship between plasma membrane 
accumulation of calmodulin and its cytosolic depletion (Fig. 2). 
Des'GnRH*™*, which binds to the GnRH receptor with nearly 
1,000-fold less affinity than GnRH itself and which had no 
efficacy in stimulating LH release in vivo, did not stimulate 
calmodulin redistribution (data not shown). 

Calmodulin synthesis is constitutive in all systems examined 
(including the GnRH-stimulated pituitary)’. Accordingly, the 
redistribution reported here may indicate translocation between 
subcellular compartments. Accumulation of calmodulin at the 
plasma membrane at the expense of the cytosol might allow 
altered calmodulin control of regulatory functions at these loci. 
There is some evidence for such altered regulation by calmodu- 
lin in other systems. In the red blood cell, islet cell and adipo- 
cyte*"° calmodulin-activated ATPases are located at the plasma 
membrane. In the case of the adipocyte, activation of Ca** 
ATPases seems to be hormonally regulated. Although 
calmodulin redistribution may be either a cause or a 
consequence of the secretory process, it does seem to have some 
role in secretion. Calmodulin has been found at the postsynaptic 
membrane, seems to mediate the Ca’* effects on synaptic 
transmission'"? and may, accordingly, have a role in the release 
of neurotransmitters. In addition, trifluoperazine (Stellazine), 
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Fig. 1 GnRH concentration dependence of LH release and intracellular 
redistribution of calmodulin. GnRH (0.1-2 ug per rat, as indicated, obtained 
from the National Pituitary Agency) was administered by subcutaneous 
injection (0.1 ml in phosphate-buffered saline) to ovariectomized rats (Zivic- 
Miller, 5-7 weeks old, ovariectomized at 24 days). After 35 min the rats were 
killed by decapitation. Trunk blood was collected and serum LH determined 
by radioimmunoassay (materials from NIAMDD, standard RP1, antibody 
LHS-5, LH for iodination I-5, prepared by Dr A. Parlow). The assay is 
sensitive to <1 ng per tube and cross-reacts < 1% with follicle stimulating 
hormone. Pituitaries were removed and homogenized (1 ml per pituitary) 
with a Dounce all-glass homogenizer (five strokes A pestle, three strokes B 
pestle) in ice-cold 0.5 M sucrose, 50 mM Tris-HCI pH 7.4, 25 mM KCI, 2 
mM MgCl, 1 mM CaCl, (0.5 M sucrose- TKMC). The suspension was 
filtered through organza cloth which was further washed with 1 ml per 
pituitary of 0.5 M sucrose-TKMC. This filtered suspension was the homo- 
genate fraction. After saving an aliquot for assay, the remainder of the 
homogenate was centrifuged at 1,000g,,. for 10 min in a Beckman TJ-6 
centrifuge. The pellet (P,) was suspended by gentle homogenization (two 
strokes of the B pestle) in 2.0 M sucrose-TKMC and further centrifuged at 
20,000g,,. for 45 min (Sorvall SS-34 rotor). The pellet (P,) and supernatant 
were designated nuclear and plasma membrane fractions, respectively. The 
supernatant of P, (S,) was centrifuged at 12,000g,,. for 20 min to collect the 
mitochondrial/granule fraction and the supernatant of this centrifugation 
further centrifuged at 100,000g,,. (Beckman type 40 rotor) to collect the 
microplasmal (pellet) and cytosolic (supernatant) fractions. Aliquots of the 
homogenate and subcellular fractions were assayed for DNA, protein and 
LH or for marker enzymes (aldolase, glucose-6-phosphatase, malic dehy- 
drogenase, NADH cytochrome ¢ reductase and 5‘ nucleotidase) using 
previously described methods (refs 21, 22). These analyses indicated < 10% 
cross-contamination between fractions. Other aliquots were stored at — 
70°C, then heated and assayed for calmodulin as previously reported”. The 
calmodulin concentration in the homogenate was 0.56+0.04 ng per ug 
protein. The values shown are means +5.e.m. 
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Fig.2 Time course of LH release and subcellular calmodulin redistribution 
after a 2 ug injection of GnRH. Rats were killed at the indicated time. 
Subcellular fractions were prepared and assayed as described for Fig. 1. 


which binds to calmodulin and inhibits some of its actions, also 
inhibits intestinal electrolyte secretion to the blood’. 

Although internalization of GnRH does not seem to be 
required for the release process’? the gonadotrope responses to 
this releasing hormone include receptor patching, capping and 
ligand internalization‘, as observed for many cell-surface 
receptor-mediated systems. Recruitment of the clathrin-coated 
vesicles to the plasma membrane can be observed as coated pits 
sensitive to phenothiazine calmodulin inhibitors'® and a recent 
study has shown that calmodulin is a constituent of the coated 
vesicle’. Thus, its appearance at the plasma membrane may be 
associated with the recruitment of coated pits involved in the 
internalization process. Insulin, which is also internalized", is 
associated with the translocation of glucose transport activity 
from the microsomal or Golgi fractions to the plasma 
membrane’*”°. Thus, the phenomena of redistribution of new 
activities to the plasma membrane may be a generalized occur- 
rence for plasma membrane receptor-mediated events and 
suggests a mechanism by which calmodulin regulated events 
could be effected in the absence of additional synthesis. 

This work was supported by NIH HD07053 (A.R.M.), 

HD13220 (P.M.C.), RCDA NIH HD00337 (P.M.C.) and the 
Southern Regional Educational Board (P.M.C.). 
Note added in the proof: Since acceptance of this article, it has 
been shown” that neurotropic agents are non-competitive 
antagonists of GnRH-stimulated LH release. The drug concen- 
tration needed to inhibit 50% of stimulated release correlated 
well with the ability to inhibit enzyme activation by calmodulin 
in vitro. 
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The expression-linked copy of surface 
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The antigenic specificity of the living trypanosome seems to be 
determined by the protein component of a unique glycoprotein 
species covering the whole surface of the parasite. During 
chronic infection, a single clone of trypanosomes may suc- 
cessively express a large repertoire of different variable antigen 
types (VATs). There are probably as many genes as variant- 
specific antigens (VSAs) (see refs 1-3 for reviews). The expres- 
sion of the genes coding for the synthesis of these antigens is 
linked to genomic rearrangements involving duplication of the 
coding sequence and transposition of the additional copy**. 
The regulation of the expression of the VSA genes is operated 
at the transcriptional level’~’®. It can thus be supposed that their 
transcription depends on the presence of the additional, trans- 
posed copy. We report here that this additional copy is in a 
chromatin configuration highly sensitive to pancreatic deoxy- 
ribonuclease, suggesting that it is the transcribed one. 

The isolation of acDNA clone coding forthe AnTat 1.1 VSA 
of Trypanosoma brucei brucei (EATRO 1125, serodeme AnTar 
1) has been described elsewhere’. Detailed Pstl restriction 
analysis and hybridization with probes prepared from different 
parts of this cloned AnTat 1.1 cDNA enabled us to show that 
several copies of the AnTat 1.1 sequence are present in distinct 
bands of the genomic DNA (ref. 6 and Fig. 1). Of these, only a 
6.4-kilobase (kb) and a 2-kb band seem to contain all the 
information present in the cCDNA° and to share a common $s 
site 400 base pairs (bp) upstream of the coding sequence (Fig. 2 
and manuscript in preparation); the other bands, which either 
contain incomplete sequences or show pocr hybridization, are 
considered as imperfect copies of the the AnTat 1.1 gene‘. The 
3’ site of all these PstI fragments is the only Psd site found in the 
cDNA, 340 bp from the 3' extremity (refs 5, 9 and Fig. 2). All 
these bands thus contain 5'-neighbouring genomic DNA as well 
as AnTat 1.1 information corresponding to the large (1,360-bp) 
5’ fragment of the cDNA. The remaining 3’-terminal Psi 
sequence is not detected here, as our probe is the 550-bp 
HindI-Hindlll fragment (see Fig. 2). We have shown‘ that the 
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Fig. 1 Expression-linked copy of the AnTat 1.1 and AnTat 1.1b 
genes, The **P-labelled 550-bp HindIII-HindIII fragment of 
AnTat 1.1 cloned DNA was prepared as described previously®” 
and hybridized with Southern blots of T. brucei brucei nuclear DNA 
digested by PstI. The DNA was extracted from bloodstream forms 
of the trypanosome expressing the VATs AnTat 1.1 (lane 1) or 
AnTat 1.1b (lane 3), or from procyclic forms derived from an 
AnTat 1,1 cloned population (lane 2) (see ref. 6 for details). The 
2-kb band, which has clearly been lost in the procyclic try- 
panosomes, contains the additional, expression-linked copy of the 
VSA gene. 


2-kb fragment is expression linked, being found only in the 
homologous AnTat 1.1 genomic DNA and not in DNA pre- 
pared from other variants of the same serodeme. The 6.4-kb PstI 
fragment, present in the DNA of all the variants examined, is 
supposed to contain the basic copy of the AnTat 1.1 gene, that is, 
the one thought to be used as template to generate the expres- 
sion-linked copy found in the 2-kb fragment’. It seems that the 
two copies are not contiguous, but rather that the additional 
copy has been transposed in a completely new genetic sur- 
rounding (Fig. 2). On the other hand, this additional copy is not 
extrachromosomal (data not shown). Finally, Hoeijmakers et 

* have shown that the additional copy does not arise from 
DNA methylation of the target restriction site. 

That the additional band is linked to transcription is already 
suggested by the fact that in all cases so far examined, a close 
correlation exists between the presence of the extra band and its 
corresponding mRNA (refs 4, 6, 9 and unpublished data). 
Moreover, we found that both the AnTat 1.1 mRNA and the 
2-kb PstI additional band (Fig. 1, lanes 1, 3) are present in two 
clone populations of different lineage expressing the same 
AnTat 1.1 VAT (ref. 6 and manuscript in preparation). On the 
other hand, in procyclic forms of the trypanosome, in which the 
expression of the VSA is turned down’', the 2-kb AnTat 1.1 
additional band was not detected (ref. 6 and Fig. 1, lane 2), 


although these procyclic trypanosomes were directly derived, by 
in vitro cultivation, from an AnTat 1.1 clone. 

The only firmly established difference between active and 
inactive chromatin in eukaryotes is the differential sensitivity of 
their DNA to DNase I'*"'’. The transcribed sequences are 
indeed preferentially digested, probably because of the presence 
in active chromatin of either hyperacetylated histones!**° or 
some high-mobility group proteins*’~*'. In protozoa in parti- 
cular, DNase I selectively releases high-mobility group proteins 
from Tetrahymena nuclei”? 

We prepared nuclei from trypanosomes expressing the VAT 
AnTat 1.1 and submitted them to mild digestion by DNase I. As 
clearly shown in Fig. 3, among the AnTat 1.1-specific PstI bands, 
only the 2-kb additional sequence preferentially disappears 





Fig. 3 Kinetics of the DNase I digestion of AnTat 1.1-specific 
sequences. Nuclei were purified from a clone population of try- 
panosomes expressing the VAT AnTat 1.1, by homogenization of 
the cells for 1 min at 23,000 r.p.m. ina Virtis 23 homogenizer, in 10 
volumes of 0.32 M sucrose, 25 mM KCl, 3mM MgCl., 20 mM 
Tris-HCI (pH 7.4) (medium A) at 4°C. After centrifugation at 
1,500g for 10 min the pellet was resuspended in the same volume 
of medium A, but with 0.2% Nonidet P40 (Shell), and homo- 
genized by hand in a Potter apparatus. After centrifugation as 
above, the nuclei were washed twice in 10 mM NaCl, 3 mM MgCl, 
10 mM Tris-HCI (pH 7.4) (medium B), then incubated at 20 °C for 
different periods as indicated, in 100- wl aliquots of medium B at 
1mg DNA ml! with 80 ngml™' DNase I (Worthington), pre- 
viously freed from RNase by UMP agarose chromatography”. The 
incubations were stopped by the addition of § volumes of 25 mM 
EDTA, 0.2% SDS and 250 ug ml! proteinase K( Boehringer). 
After incubation for 15 h at 37°C, the DNA in each sample was 
extracted by phenol/chloroform (1/1), chloroform and ultimately 
by ether, incubated with 200 yg ml’ RNase A (previously freed 
from DNase by heating for 10 min in a boiling water bath) then 
re-extracted as above and precipitated in ethanol at —20 °C. After 
centrifugation for 1 h at 16,000g, the DNA pellets were resuspen- 
ded in 0,1 mM EDTA, 10 mM Tris-HCI (pH 7.5); 1 ug of each 
DNA sample was digested for 4h at 37°C with 10 units of Psdl 
(Boehringer). The electrophoresis in 0.85% agarose gels, blotting 
on nitrocellulose filters, hybridization with a AnTat 1.1-specific 
cloned DNA probe, and autoradiography were performed as 
described previously’. The different lanes contain, from left to 
right, a control DNA without DNase and samples incubated for 0, 
5,15, 30, 45, 60s, 2,3, 4, 5, 10, 15, 20, 30, 45, 60, 90, 120, 180 min 
with DNase. The arrow head indicates the additional band, 
containing the expression-linked copy of the VSA gene. 


Fig. 2 Restriction maps of the basic 5 4 E PSs 3 
(bottom) and additional (top) copies of -e aa 
the AnTat 1.1 gene and of their 


neighbourhood. Digestions with 
restriction endonucleases and hybri- 
dization of Southern blots of total 
genomic DNA digests with AnTat 1.1- 
specific probes were performed as 
described elsewhere“. E = EcoRI; H = 
Hindili; P=Pstl;, S=SstI. The 5 ike | 
HindIII site to the left of the additional 


copy is located 19 kb from the next HindIII site in the AnTat 1.1 coding sequence. The putative extent of the coding sequence (1,700 bp, see ref. 


9) is indicated by an open box. 
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after DNase I treatment. Because of their larger target size, the 
largest bands are affected on long DNase exposure. However, 
despite its larger size, the 6.4-kb Psi fragment thought to 
contain the basic AnTat 1.1 sequence seems, among others, to 
be considerably less degraded than the expression-linked copy. 
If bands of similar size are compared, such as the 2.15- and the 
2-kb fragments, the differential sensitivity to DNase I is parti- 
cularly evident. 
` The chromatin of trypanosomes has not been extensively 
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studied, but seems to be organized in typical nucleosomes 
and to be made of the same histones as other eukaryotes”. It can 
thus be reasonably assumed that in trypanosome nuclei also, the 
transcribed sequences are preferentially digested by DNase L It 
is concluded that the additional, expression-linked copy of the 
VSA gene, which is in a chromatin configuration highly sensitive 
to DNase I, is most probably the one which is transcribed. 
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Metallothioneins are small cysteine-rich proteins that bind 
heavy metals such as zinc, cadmium, copper and mercury™? 

Recent interest in these proteins has focused on the part they 
play in zinc metabolism and heavy metal detoxification’. Our 
interest in metallothionein genes stems largely from the obser- 
vations that these proteins are inducible by both heavy metals 
and glucocorticoid hormones’. To explore the regulation of 
these genes, we have isolated cDNA and genomic clones cor- 
responding to mouse metallothionein-I (MT-I)*, and have used 
them to show that both inducers act at the transcriptional level in 
vivo and in a wide variety of cell lines**, We have also shown 
that the MT-I gene is amplified during selection for cadmium 
resistance’. To investigate the mechanisms of gene regulation, 
knowledge of the primary DNA sequence is necessary. Here we 
present the entire sequence of mouse MT-I gene along with 
~300 bases of 5’ flanking region that presumably includes 
promoter and regulatory sites. The 5’ mRNA sequence, defined 
by S, nuclease mapping, was combined with sequences of the 
coding and 3’ untranslated regions obtained previously‘ to allow 
a computer prediction of the most stable secondary structure of 

- MT-I mRNA. 

The sequence of the mouse MT-I gene and its flanking regions 
is shown in Fig. 1a. Sequencing was done using the Maxam- 
Gilbert method? with the strategy illustrated in Fig. 1b. 
Comparison of the genomic sequence with that of the cDNA 
clone* shows that the coding region of the gene is interrupted by 
two introns as predicted by heteroduplex mapping*. The three 
exons of the gene are indicated by large capitals in Fig. 1a while 
the introns and flanking regions are shown by small capitals. The 
intron-exon junctions were deduced by comparing the genomic 
and cDNA sequences. Both introns obey the GT-AG rule 
originally proposed by Breathnach et al.’°—they start with the 
dinucleotide GT and end with AG. In addition, both have a 3’ 
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polypyrimidine tract similar to the polypyrimidine regions 
identified in many other introns’, In many genes, introns lie 
between functional domains of the encoded protein t, 
However, the 20 cysteine residues of metallothionein which 
coordinate seven metal atoms into two domains’? are dis- 
tributed throughout the molecule (Fig. 1a), making it difficult to 
assign functional domains to the three exons. 

The 5’ end of exon 1 was deduced by S; nuclease mapping'* 
Total RNA isolated from cadmium-resistant Friend eryth- 
roleukemia cells% was hybridized toa probe generated by cutting 
a plasmid carrying the genomic MT-I gene at its unique Bg 
site (position +64, Fig. 1a) and labelling the 5’ ends with” 
After S, nuclease digestion, the size of the resistant oe 
was analysed by comparing it with a sequencing ladder of the 
Bglil-Avall fragment (+64 to ~180, Fig. 1a). The results, 
shown in lane 1 of Fig. 2, indicate that the most abundant DNA 
fragment generated by S, nuclease comigrates with the G 
labelled +1 in Fig. 1a. Control experiments in which either MT-I 
mRNA or S, nuclease was omitted showed no DNA bands 
migrating in this region (lanes 2 and 3, Fig 2). The concensus 
sequence, Y-C-A-Y (in which the A is position +1; Y represents 
unspecified pyrimidine nucleoside), derived from comparisons 
of 20 mRNA start sites’” is located three nucleotides down- 
stream from the G labelled +1 in Figs 1a and 2. Perhaps steric 
hindrance from the mRNA cap structure retarded 5, nuclease 
digestion of our DNA probe down to the last base-paired 
nucleotide. We obtained the same result when the $) nuclease 
digestion was done at either 37, 50 or 60°C. This analysis 
indicates that the 5’ end of exon 1 and the mature mRNA lies 74 
nucleotides from the coding region of MT-I mRNA. 

Analysis of the region 5’ to exon 1 shows that, like many other 
eukaryotic genes that are transcribed by RNA polymerase B, 
there is a Goldberg~Hogness (TATAAA) sequence (boxed in 
Fig. 1a) located between nucleotides —23 and ~28. The 
sequence GCECAATCT, which is also common to various 
eukaryotic genes **, is not present in the 5’ flanking region of the 
MT-I gene. The 5’ region does, however, contain two large 
palindromic sequences centred at positions ~55 and ~103 
(underlined in Fig. 1a). We are now generating mutants in this 
region to determine which areas are involved in the regulation of 
MT-I gene expression. 

Localization of the mRNA start site allowed us to write 
the complete sequence of MT-I mRNA (Fig. 3). Computer 
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TGAGTTCTCG TAAACTCCAG AGCAGCGATA GGCCGTAATA TCGGGGAAAG CACTATAGGG 
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GICTTTAGAA TACCAAGTTG GGACCGCAGA GCGGAATCEE CGAGTTGTAS AGGCTTGGCG 
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GGAATAGGCA COTTTAGTTG GCGATTCATT CCGGTICTTT CTAGAATCCS CTETYGCAAA 
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AGCCTTCATT AGTTACGAGT ATTGTCGAAC GEGTCCTTTG GCGGGGTTGG GECTAGGATT 


380 
TAGACGCGCA AATGTCCGGT TCCTGATCAC CCAGTIAGTG GGGACATETG GGTTGAGTCC 
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CAGGCATTAC TAAACTTACT GTGAATTGCT TGAATTAAGA AAGAGGTGAA GGACCTTTAT 
480 

GICTTGGGAC TCAAAGACAT AATCCCTGAC TTAACCTGTG AGGAGAAAAG TGGGGCTAGG 
540 

CTCCCIGCAG CTCCGAGGAG GACTTAGTGA ACTGAGCCGG GACTCGTGGT GTIGGCCACT 
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ATGTCCTTTG CTYCCCGGAG GCCATTGTAT TGTCTEGGGG ACAGAACTAT ACAGAGAACT 
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ATTTAAAAAA ACCGAGGTCT TCTCTSTTGG GGACAGGAAG CAGAGGTCTT CAGCCAGGCT 
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Set IT 
1029 
AACAGCGCTG CCACCACGTG TAAATAGTAT CGGACCAACC CAGCGTCTTC CTATACAGTT 


1080 
CCACCCTGTT TACTAAACCE CCGTTTICTA CCGAGTACGT TAATAATAAA AGCETGTTTG 


1140 
AGTCTAACTC TGGTYTCTTG GTGTGGTTTG GCAATAAGAA ACTGGGGTGA CTTGATAGTC 
1200 

TGGGGATCTG GITTTGGACE CCCTCGTGCC TTTACCTCCG CCCTCTGGEC CTCACAGAGG 
1260 

GGTAATGTCT TTGGGTAAAG CCAAGCTATA TCCCATAAGC TICCTCATGG AAAACAGCTG 
Hound III Puu II 








Fig. 1 The DNA sequence of the MT-I gene. a, Sequencing was 
done by the method of Maxam and Gilbert’, Exons are shown in 
large print; introns and the regions flanking the gene are shown in 
small print. The sequences of commercially available restriction 
enzymes that recognize 6-base pair (bp) sequences are underlined 
and named. Possible regulatory sites at the 5’ end of the gene as 
discussed in the text are also underlined. The TATAAA sequence, 
initiation and termination codons are boxed. The MT-I protein 
sequence is indicated above the exon sequences using the one letter 
code: A, Ala; C, Cys; D, Asp; G, Gly; K, Lys; M, Met; N, Asn; P, 
Pro; Q, Gin; S, Ser; T, Thr; V, Val. b, Sequencing was done from 
the restriction sites indicated. DNA fragments were either’? P- 
labelled at the 5‘ end using T4 polynucleotide kinase or at the 3’ end 
using the large subunit of DNA polymerase I. Many of the 
sequence segments were determined on both DNA strands; all the 
sequence was analysed at least twice. 





Fig. 2 Localization of the metallothionein-| mRNA start site by 
S; nuclease mapping. Lanes T, C, G and A: sequencing ladder 

from the Bgill site (+64 in Fig. 1a). Labelling of the lanes from the 
sequencing gel has been transposed so that the mRNA sequence 
can be read directly. Lane 1, S; nuclease-resistant products 
obtained by digesting a hybrid between a DNA probe labelled at 
the Bglll site and MT-I mRNA. A genomic clone was digested at 
the unique BglII site, treated with alkaline phosphatase, and 
labelled with [y P]ATP using T4 polynucleotide kinase; the 
specific activity of the probe was 4 x 10% c, p.m. per pmol of 5’ ends. 
The probe was treated with proteinase K and phenol-chloroform 
extracted. Aliquots (4 x 10° ¢.p.m.) were ethanol-precipitated with 
140 ug of total | RNA from cadmium-resistant Friend eryth- 
roleukemia cells’ (35 ng of MT-I mRNA). The precipitate was 
dissolved in 25 ul of 80% formamide, 0.4 M NaCl, 40 mM PIPES 
buffer (pH 6.5), 1 mM EDTA, overlaid with paraffin oil, heated at 
80°C for 5 min and incubated at 50 °C for 12 h. The samples were 
then diluted 10-fold with 10 mM Tris-HCI, pH 7.5 and ethanol- 
precipitated. The nucleic acids were dissolved in 25 ul of 10 mM 
NaCl and then 2.5 yl of buffer containing 3M NaCl, 300 mM 
NaOAc, 30mM ZnOAc, pH 4.5 yas added. S, nuclease (2 pl, 
prepared by the method of Vogt?') was added and the sample 
incubated at 60 °C for 40 min. An aliquot (1 ul) was loaded onto 
the sequencing gel. Lane 2, conditions were the same as for lane 1, 
except that 140 ug of chicken calvaria RNA was hybridized with 
the probe, Lane 3, same as lane 1 except that no S; nuclease was 
added. A high-molecular weight band representing undigested 

32D labelled DNA was visible on the gel but is not shown. 


analysis’? of this sequence showed that various similar second- 
ary structures were possible for MT-I mRNA. The most stable 
secondary structure predicted is shown in Fig. 3. This structure 
has an overall free energy of —87 kcal, suggesting that it is fairly 
stable. The model shows that most of the MT-I coding region, 
including the initiation codon (AUG), is contained within the 
duplexed region of the molecule, whereas the stop codon 
(UGA) is exposed in a loop, Note that the positions where RNA 
splicing occur (arrows, Fig. 3) are located very close to each 
other at the base of loop structures. It has been suggested that 
genes may evolve by addition or subtraction of exons’’. In order 
for this mechanism to yield a functional protein, the reading 
frame of the exons as well as a stable secondary and tertiary 
structure of both the protein and its mRNA must be preserved. 
Inspection of the secondary structure model of MT-I mRNA 
(Fig. 3) shows that the absence of exon 2 would have little effect 
on mRNA secondary structure. In addition, the reading frames 
of exons 1 and 3 are preserved without exon 2 (Fig. la). Thus, a 
plausible model for the evolution of MT-I gene might involve 
the primordial existence of an uninterrupted gene consisting of 
the nucleotides now represented by exons 1 and 3. This gene 
might then have been interrupted by an intron into which exon 2 
was later inserted. Cell transformation techniques should allow 
us to reverse this process as a way of testing the hypothesis of 
exon addition. 
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Fig. 3 Computer model of the secondary structure of MT-I 

mRNA. Analysis was done using the computer program developed 

by Pipas and McMahon’. The initiation codon (AUG) and the 

termination codon (UGA) are boxed. Splice points are indicated by 
arrows. 


We thank Drs R. Gelinas, T. Gingeras and J. Millazzo for help 
with the computer analysis of MT-I mRNA secondary structure, 
and Ms Abby Dudley for secretarial assistance. This work was 
supported by NIH grant HD-09172. N.G. was a fellow of the 
Jane Coffin Childs Memorial Fund for Medical Research. 


Received 22 April; accepted 18 May 1981. 


Kägi, H. R. & Nordberg, M. (eds) Metallothionein (Birkhauser, Basel, 1979). 

. Cherian, M. G. & Goyer, R. A. Life Sci. 23, 1-10 (1978). 

. Karin, M. & Herschmann, H. R. Science 204, 176~177 (1979). 

Durnam, D. M. et al. Proc. nam. Acad. Sci, U.S.A. 77, 6511-6515 (1980). 

. Beach, L, R. & Palmiter, R. D. Proc, natn. Acad. Sei. U.S.A. 78, 2110-2114 (1981). 
. Mayo, K, E. & Palmiter, R. D. J, biol. Chem, 286, 2621-2624 (1981). 

Durnam, D. M. & Palmiter, R. D. J, biol, Chem. 256, 5712-5716 (1981). 

. Hagar, L. J. & Palmiter, R. D. Nature 291, 340-342 (1981) 

. Maxam, A. & Gilbert, W. Proc. natn. Acad, Sci. U.S.A. 74, 560-564 (1977). 

10. Breathnach, R. et al. Proc. natn. Acad. Sci. U.S.A 15, 4853-4857 (1978). 

11. Lewin, B. Cell 22, 324-326 (1980). 

12. Sakano, H, et al, Nature 277, 627-633 (1979). 

13. Lomedico, P. et al. Cell 18, 545-558 (1979). 

14. Stein, J. P. eral. Cell 21, 681-687 (1980). 

15. Otvos, J. D. & Armitage, I. M. Proc. natn, Acad. Sci. U.S.A. 77, 7094-7098 (1980), 
16. Weaver, R. F. & Weissman, C. Nucleic Acids Res. $, 1175-1193 {1979). 

17, Corden, J. et al. Science 209, 1406-1414 (1980). 

18. Benoist, C. er al. Nucleic Acids Res, 8, 127-142 (1980). 

19. Pipas, J. M. & McMahon, J. E. Proc, natn. Acad. Sci. U.S.A. 72, 2017-2021 (1975). 
20. Gilbert, W. Nature 271, 501 (1978). 

21. Vogt, V, M. Eur. J. Biochem. 33, 192~200 (1973). 


(ee a APART EE TTL A EE 


Recombination between short 
DNA homologies 
causes tandem duplication 


Thomas Edlund & Staffan Normark 


Department of Microbiology, University of Umeå, $-901 87 Umea, 
Sweden 








The ampC gene of Escherichia coli K-12 codes for a B- 
lactamase which can hydrolyse the B-lactam ring of ampicillin’. 
Ampicillin resistance is strictly related to ampC gene copy 
number thus we have been able to isolate ampicillin-resistant 
mutants carrying multiple ampC repeats’*. We have isolated on 
a plasmid a segment of chromosomal DNA carrying multiple 
ampC repeats, and compared the nucleotide sequence of the 
region joining repeat units to the sequence of the DNA seg- 
ments that fused to create the joint. The fusion had occurred 
within a 12-base pair (bp) sequence of perfect homology. We 
suggest that recombination between randomly occurring short 
homologies (12~13-bp long), could be a general mechanism to 
generate tandem duplications in the size range of 10 kilobases 
(kb). 


The properties of E. coli K-12 mutants carrying multiple 
copies of the ampC gene have been described elsewhere**. We 
isolated amplified mutants that were derivatives of an ampĒ 
up-promotor mutant resistant to ~20 pg ml”! ampicillin’. By 
reciprocal recombination between a ColEl-ampC hybrid 
plasmid, pNU1 (ref. 4), and the chromosome of two ampC- 
amplified mutants, plasmid derivatives were isolated which 
carried multiple copies of the respective ampC duplication. One 
of these, derivative pNU8, carried multiple ampC genes of 
repeat size 9.8 kb. The repeat was found to have both its end 
points within the chromosomal DNA carried by plasmid pNU1 
(ref. 4) thus plasmid pNU8 could be used as a source of DNA for 
the segments involved in the formation of the novel joint in the 
9.8-kb repeat. The only difference between restriction fragment 
patterns obtained for pNU1 and pNU8 was the presence of an 
additional joint fragment in the latter. The restriction enzyme 
Puull was used to generate a length of DNA small enough for 
sequence analysis but which also carried the joint fragment. 
Figure 1 shows the PvuII sites on plasmid pNU1. We concluded 
that the 9.8-kb repeat of pNU8 had one end point in the 
Pstl;-Pvull, fragment (fragment A) and the other in the 
Poull,—Pst, fragment (fragment B) of pNU1. Thus, the Poul! 
joint fragment (fragment C) of pNU8 consists of parts of frag- 
ments A and B. 

The strategy for sequencing relevant stretches in fragments A, 
B and C is described in Fig. 2 legend. By comparing the 
sequences of these stretches (Fig. 3), it was found that the two 
DNA segments that had recombined contained a 12-bp long 
sequence of perfect homology, which was also present within the 
novel joint of fragment C. Thus, the 9.8-kb duplication had 
occurred by a recombination event at some point within these 
12-bp sequences of fragments A and B. 

E. coli strain Gllal is usually resistant to 20 yg ml”’ of 
ampicillin. Mutants of Gllal resistant to 40 or 60 ug mi” of 





Fig. 1 Physical restriction fragment map of plasmid pNU1. The 
location of the Clal and Peull sites within pNU1 were determined 
by double digestions with these enzymes and the enzymes pre- 
viously used to map pNU1 (ref. 4). The restriction endonuclease 
cleavage sites are numbered, starting from the PstI, site at the top. 
The thick-lined segment represents DNA from ColE1. Arrows 
indicate the end points for the 9.8-kb repeat unit. Locations are 
given for the frdA and ampC genes as well as the ampA control 
region. 
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Fig. 2 Strategy for sequencing the novel joint of the 9.8-kb 
repeat, and the DNA segments involved in its formation. The 
numbered solid line at the top represents chromosomal DNA 
carried by plasmid pNU1. Hatched areas represent ColE1 DNA. 
The box indicates the position of the 8-lactamase structural gene, 
ampC. The Tagq|I site within the PuulIg~Pst1, fragment was located 
by the mapping technique of Smith and Birnstiel® using purified 
Clal,-Aval, fragment of pNU1. For this purpose the fragment 
was end-labelled at the Clai 5’ terminus. The Poull,—Poully 
fragment carrying the novel joint was purified from plasmid pNU8 
whereas the other fragments sequenced were from pNU1, Arrows 
indicate the direction and extent of sequencing runs, using the 
Maxam-Gilbert method’. 


T a3 TCATAATTGACGGACCAATACCACGCS TOGCETTGGTGAAGA® 
VAGTATTAACTGCCTGIGTTGTGGTECRCLACCECARCCACTICT® 
S" RGGEGCEGETATCGTICAACACCACECS 
Y FeECeGGCCATAGCAIGTTGTGGTECEC 
r E AGGEGCCEGTATCOTICAACACCACGCG|CETAACCGAGTCAGA? 
Y TOCOCEGCCATAGCAISTTGTEGTGCGCIGCATTGOGETCAGTCT® 


Fig. 3 Comparison of nucleotide sequences within fragments 

Psty~Poulls (A) and Poully—Pstl, (B) of pNU1, and the Peull 

‘joint’ fragment (C) of pNU8. Boxed nucleotides represent a 12-bp 

perfect homology present in all three fragments. In fragment A this 

sequence was located ~90 bp from the PvuII, end, and in fragment 

B 230 bp from the Poull, end. A recombination event within these 
12 bp produced the novel joint. 
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ampicillin were isolated; this level of resistance corresponds to 
that shown by defined mutants carrying an amp duplication or 
triplication. By further selection for ampicillin resistance, 
amplifiable derivatives resistant to between 600 and 1,000 pg 
ml”! of ampicillin were obtained from individual Amp'-40 or 
Amp’-60 clones. Ten amp-amplified mutants were isolated in 
this way. The sizes and end points of their respective repeat units 
were determined by cleavage of chromosomal DNA with 
restriction endonucleases and the fragmentation patterns 
compared with that of pNU1. This ColE1 hybrid plasmid carries 
12 kb of chromosomal DNA surrounding the amp gene. The 


Table 1 Effect of size of homology on the length of DNA required to 
contain expected numbers of homologies 








Homology No. of homologies 

size 1 4 16 25 

(bp) 
10 2" 3 4 5 6 
11 3 5 7 9 11 
12 5 9 13 17 21 
13 9 17 25 33 41 
14 17 33 49 65 81 


Calculations were based on the fact that in a random sequence the 
number of homologies are proportional to the square of the length of the 
DNA segments expected to contain homologies. 

* The sizes of DNA fragments are given in kilobase pairs. 


repeat copy number of the mutants was from 30 to 50 as judged 
from their ampicillin resistance, allowing restriction fragments 
of repeated chromosomal DNA larger than 400 bp to be detec- 
ted. The sizes and end points of the respective repeats are given 
in Fig. 4. The end points could be accurately determined for 
seven amplified mutants; none of these had the same two end 
points. The sizes of the repeats varied between 9 and 13 kb. The 
remaining three mutants carried larger repeats (~18 kb). 
However, as their end points were situated outside the 
chromosomal DNA carried by pNU1, it was not possible to 
determine their exact position. However, we concluded that the 
end points of the ten different repeats were all located within 
20 kb of chromosomal amp DNA. 

A similar ampicillin selection procedure was performed on a 
recAl derivative of Gllal. Chromosomal DNA from 15 
independently isolated Amp’-300 derivatives was digested with 
several restriction endonucleases. No amplified fragments were 
observed in any of the mutants. These results suggest that the 
frequency of generation of amp duplications is decreased in a 
recAl background to such an extent that other types of ampi- 
cillin resistant mutants will predominate after the selection. On 
average, two homologous 12-bp sequences of any composition 
will be found within a random DNA sequence of 4 kb. This was 
deduced from the equation x? = 4", where n is the number of 
homologous base pairs and x is the number of base pairs which 
should contain a duplicate of any composition of n base pairs in 
length. This equation is an approximation which is valid if x > n. 

In the amp system duplications may not occur within the 
ampC gene, which constitutes about 1 kb. Thus, on average, a 
duplicate of any 12-bp sequence will be found once in 5 kb. The 
general formula for this system will therefore be (x — 1,000)" = 
4". The size of amp DNA required for different numbers of 
homologies with sizes ranging from 10 to 14 bp is given in Table 
1; twenty-five 12-bp homologies and nine 13-bp homologies 
would be expected within a 21-kb and a 25-kb random 
sequence, respectively. In addition, our sequence and dis- 
tribution data suggest that unequal recombination between any 
homologies close to 12 bp may be a general mechanism for 
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Fig.4 Distribution of amp repeats in Te 








seven independent Amp’ mutants of 





E. coli K-12. The size and end points 
were determined by cleavage of 
chromosomal DNA with a series of 
restriction endonucleases. The 
amplified fragments were compared 
with the fragmentation patterns of 
plasmids pNU1 and pNU8. The 














numbered solid line indicates chromosomal DNA carried by pNU1; wavy lines represent surrounding chromosomal DNA. Horizontal bars 
above and below the genetic map indicate the extent of different amp duplications. Dashed lines indicate the extent to which the respective end 
point was mapped. The approximate locations for the ampC and the frdA genes are indicated by boxes. A represents the control sequence region 


for ampC. 
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generating tandem duplications. Our results also suggest that 
recombinations between such small homologies are promoted 
by the recA protein. 

The novel joint described here was formed by recombination 
between DNA segments carrying a 12-bp perfect homology but 
with no other obvious homologies. This implies that the oppor- 
tunity to form stable base pairing is an important feature of the 
mechanism that gives rise to tandem duplications. Promoter 
structures and possibly other controlling sequences which exist 
in many copies on the bacterial chromosome, could provide 
homologies for duplication, thus allowing catastrophic 
deletions. However, available sequence data on promoters 
indicate that they have been built up to contain recognition 
regions only a few base pairs long, interrupted by non- 
homologous stretches of nucleotides’. This strategy should 
prevent recombination and thus avoid deleterious deletion. In 
fact, it has been shown that intragenic deletions within the lacI 
gene can occur at repeated sequences as short as 5 bp’. 

This work was supported by grants from the Swedish Natural 
Science Research Council (Dnr 3373-101) and the Swedish 
MRC (Dnr 5428). 
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Temperature-dependent AC? generated 
by a shift in equilibrium 
between macrostates of an enzyme 


Harvey F. Fisher, Alan H. Colen 
& Richard T. Medary 


Laboratory of Molecular Biochemistry, Department of Biochemistry, 
University of Kansas School of Medicine and the Veterans 
Administration Medical Center, 4801 Linwood Blvd, Kansas City, 
Missouri 64128, USA 





Substantial negative heat capacity changes (AC?’s) have 
frequently been observed to accompany the formation of pro- 
tein-ligand complexes’”. Glutamate dehydrogenase’ and horse 
liver alcohol dehydrogenase“, however, have been reported to 
form binary complexes with coenzyme with negligible AH” and 
only small AC?’ s. Although many intriguing mechanisms have 
been proposed to account for the observed phenomena, there is 
little direct experimental evidence available which might pro- 
vide a basis for evaluating the contributions of AC?’ s of complex 
formation from the various mechanistic sources or even for 
distinguishing between them. However, if, as Eftink and 
Biltonen® have suggested, a shift in equilibrium between 
macrostates contributes significantly to an observed AC?’ for a 
given reaction, it should be possible to characterize such a 
system by measuring the temperature dependence of the AC¢’. 
Despite this, few studies have determined AH™ values at more 
than two temperatures. We have now measured the temperature 
dependence of the AH” (and, thereby, that of the AC?’ ) of the 
formation of an enzyme-reduced coenzyme complex in an 
attempt to provide such a basis and have found that the entire 
AC?’ of complex formation is accounted for by a temperature- 
induced shift of an equilibrium between the different forms of 
the free enzyme. 
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The temperature dependence of the calorimetrically 
measured AH” for the reaction written as 


E + NADPH =? E-NADPH (1) 


is shown in Fig. 1. Although the free enzyme is stable up to a 
temperature of ~50°C (ref. 6), the E-NADPH complex is 
markedly more heat-labile, and reliable measurements of the 
formation of this complex cannot be made at temperatures 
above 35°C using attainable flow rates. Precautions and 
controls described in Fig. 1 legend, however, assure us of the 
validity of measurements up to 35°C. 

If the formation of the E-NADPH complex proceeded 
according to reaction (1) unaccompanied by a measurable ACY, 
the data of Fig. 1 would lie on a horizontal straight line, because 
(@AH"/8T), = ACS. If the reaction proceeded with finite 
temperature-independent AC’, the data would lie on a straight 
line with a slope equal to AC?’ "ti is apparent from Fig. 1 that the 
data correspond to neither simple case. The plot shows amarked 
curvature, the AC? approaching 0 at low temperatures and 
increasing to a value of —450 cal K` mol” at higher tempera- 
tures. This behaviour can be explained on the basis of a 
temperature-sensitive equilibrium between ‘implicit’ macro- 
states of at least one reaction component’, 

Consider a binding reaction which is thought to be expressed 
by reaction (1) but which, in fact, involves the following equili- 
bria: 


E' 
ell. 
NADPH +E == E~NADPH (2) 
where 
[E] [E-NADPH] 
Kas am aamen, 
=E] and Kn IEJINADPH] 


We assume that neither step involves a measurable ACp If step 2 
is itself accompanied by a substantial AH”, and has a AG” such 
that K, = 1 within or near the experimental temperature range, 
the observed ‘AH®” for reaction (1) will vary from AHY, the 
value at temperatures at which the protein is entirely in the E 
form, to a value (AH? + AH?'), at temperatures at which the 
protein is entirely in the E' form. By definition, the resulting 
temperature dependence of AH” will be interpreted as a ACS’ 
effect; and, if measurements are performed over a sufficient 
range of temperatures, the ACY’ itself will be found to be 
temperature dependent. This will be so even if, as we have 
assumed, both AH? and AHY are themselves temperature 
independent. We have portrayed the ligand as binding to only 
one form of the enzyme for ease in following the argument. In 
practice, no such distinction can be made from equilibrium 
measurements. 

The dependence of AH on temperature for reaction (2) is 


AH? 
1+K, 





AH” = AH + (3) 


where K,=exp[AH}' (T — T2)/RTT2] and T, is that tempera- 
ture at which AGS’ = —RT In K,=0. 

The solid line in Fig. 1 shows the best fit of equation (3) to the 
data with the parameters AHT =4.73+0.28 keal mol”, 
AHF = —20.1+2 kcal mol and T; =43.641°C. 

The magnitude of the apparent AC? generated by the effect of 
varying temperature on this implicit equilibrium i isë 


o| _ |/24H” |- KAHF Y 
Jace| ( T) (1+K2 RT’ ai 
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For a reactant isomerization (such as reaction (1)), the sign of 
AC,’ is negative. For a reaction sequence involving a product 
isomerization step, however, the sign of ACC’ is positive. 

In Fig. 2 we have plotted AC0’ as a function of temperature 
according to equation (4) using the best-fit parameters and 
algebraic sense of Fig. 1. 

Because the sign of the AC?’ is negative, if there is a single 
(implicit) isomerization in the overall reaction, it must involve 
one of the reactants rather than one of the products. An attempt 
to fit the data to an equation similar to that for reaction (2) 
expanded to include an isomerization of the E~NADPH 
complex as well as one of E, indicated no contribution from that 
added feature. Thus, although there may be an isomerization of 
the enzyme-ligand complex, evidently such an equilibrium 
either is not poised in or near the experimental temperature 
range or must not involve a substantial AH”. As reaction (2) is 
symmetrical in E and NADPH, an isomerization of the ligand 
could account for the data as well as an isomerization of E. While 
NADPH is known to exist as an equilibrium mixture of folded 
and unfolded forms, the T; for this process is below 20 °C and its 
AH™ is too small to make an appreciable contribution to the 
observed process’. The attempted inclusion of finite intrinsic 
AC?’ terms for steps 1 and 2 of reaction (2) also failed to 
improve the fit of the equation to the data. 

We conclude, therefore, that the observed AC® of the 
formation of the glutamate dehydrogenase-NADPH complex is 
fully accounted for by a poised isomerization of the free enzyme 
involving a very large enthalpy change that is largely compen- 
sated by an opposing large entropy change, the step in itself 


AH 
{kcal mol`?) 








Temperature (°C) 


Fig. 1 The temperature dependence of AH™ of the glutamate 
dehydrogenase~NADPH complex in 0.1M phosphate buffer, 
pH 7.6. The reaction heats, q, were determined in a flow micro- 
calorimeter using apparatus, reagents and procedures as previously 
described’. The enzyme concentration was usually ~90uM (active 
sites). At each temperature, calorimetric measurements were made 
at saturating concentrations of NADPH starting at 20x Kp and 
extending to 200 x Kp. A plot of q versus [NADPH] was linear 
with a slope of 0+6 x 107° kcal per mol NADPH in each case. As 
noted in the text, while the free enzyme is stable at 50°C, its 
reduced coenzyme complex denatures rapidly above 37°C. The 
following controls and precautions assure us that the data pre- 
sented are unaffected by errors due to denaturation, (1) The 
solution emerging from the calorimeter was assayed for enzymatic 
activity. The activities so measured agreed with those of the initial 
solution to within 5% and showed no trend indicating denatura- 
tion. As the solution remains at an elevated temperature for some 
time after leaving the sensing chamber of the instrument, any 
time-dependent denaturation would be magnified several-fold by 
the time the solution actually emerged from the instrument. (2) The 
value of q was unchanged on raising the flow rate from 10 ul s“ to 
13 pls”’. Had there been any significant time-dependent dena- 
turation, the value of q would have differed because the two flow 
rates correspond to different residence times. The solid line is 
calculated from a nonlinear least-squares fit to reaction (3). The 
AH” value at 15°C differs from that reported prevously using a 
batch calorimeter. The batch value (and the very small AC)’ 
calculated from it) must now be presumed to be erroneous. 
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Fig. 2 The temperature dependence of Ac?’ of the glutamate 

dehydrogenase-NADPH complex. The line is calculated from 

equation (4) using parameters from Fig. 1. The solid line portion of 
the curve indicates the region covered by experimental data. 


involving no detectable AC}’ and H* transfer to or from the 
buffer not contributing significantly to the measured enthalpy 
change. 

‘ A similar mechanism, involving a temperature-induced shift 
between multiple forms of the free enzyme, is consistent with the 
recently reported large AC? in the glutamate dehydrogenase- 
catalysed reaction®, We cannot say how general the 
phenomenon reported here may be, but we note that AC?’s 
reported for complexes of other dehydrogenases at 20 °C are of 
a similar magnitude to that of glutamate dehydrogenase at its 
maximum near 40°C. Thus, the differences between the AC?’ s 
of the various enzymes may simply reflect differences in the Ts 
of otherwise similar mechanisms. 
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Corrigendum 


In the letter ‘Competition relatedness and efficiency’ by J. R. W. 
Harris, Nature 292, 54-55, the parameter x in equation (2) 
should be replaced by z. 


Errata 


In the article ‘Seismotectonics of the El Asnam earthquake’ by 
M. Ouyed et al., Nature 292, 26-31, the legend to Fig. 6 was 
reproduced incorrectly in some copies of Nature. It should read: 
a, The 1.30-m left lateral slip measured on a ploughed field at 
Zebadja near the centre of the fault. b, Southern segment of the 
fault. Typical pressure ridges showing the uplift of the north- 
western block (to the left), and collapse due to gravity. Exten- 
sion cracks follow. the compression axis. 


In the news item ‘Yugoslavian nuclear power: Locals late re- 
acting’, Nature 291, 446, the name of the head of the Croatian 
Commission for the Human Environment was given incorrectly. 
It should read Marko Branica. 
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MATTERS ARISING 





Grand unification magnetic 
monopoles inside the Earth 


CARRIGAN has suggested that the 
equilibrium between the magnetic and 
gravitational forces would lead to these 
monopoles being trapped in two positions 
on the magnetic axis, one each side of the 
centre, depending on their polarity. 
However, his discussion is incorrect in 
several respects. First, in the Earth’s core, 
the gravitational field is roughly propor- 
tional to radius r. If the magnetic field 
were due to a central dipole it would 
be proportional to r~’, and there would be 
(radial) equilibrium on the axis at ~r = 
0.18 Ra within the fluid core, as he states. 
But the magnetic field is far from being 
dipolar, and within the core the dipole and 
non-dipole fields are comparable in 
magnitude; even at the core surface there 
are already ~ 14 positions’ where the field 
is radial, not just the two he assumed. 

Second, in fact, the magnetic field is 
produced by electric currents in the core; 
reasonable current distributions give a 
dipole radial component of field which 
increases only very slowly with depth. This 
would give an ‘equilibrium’ radius of 
~0.007 R., only 50 km from the centre, 
and well within the solid inner core. Third, 
his ‘equilibrium’ calculations have 
apparently considered only radial forces, 
and for his dipole ‘equilibrium’ the 
monopole is unstable to infinitesimal 
tangential displacements. Stable equilib- 
rium would require complicated fields 
with a most unlikely coincidence of 
magnitude and topology. 

Finally, as Carrigan points out, in the 
core there are probably toroidal fields 
much larger than the poloidal dipole 
fields. However, these toroidal fields have 
no radial component, and will be largely 
latitudinal, so will not “result in large axial 
fields’. What they will do is make it even 
less likely that there will be any stable 
positions of purely radial field. The inner 
core also will have large toroidal fields’. 

It does seem most unlikely that there 
will be any significant trapping of mono- 
poles by the mechanism Carrigan 
suggests. 


F. J. LOWES 


School of Physics, The University, 
Newcastle upon Tyne, NEI 7RU, UK 
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CARRIGAN REPLIES—Because of the 
limitations of space I could not emphasize 
the model nature of the calculation. 
However, I did point out that the dipole 


model was not a proper picture of the 
interior of the Earth. I did not say a 
monopole of one polarity would occupy a 
single region of equilibrium but rather 
that GUMMs of one polarity would 
interchange with those of the other 
polarity. I did not touch on one aspect of 
the situation, the fact that GUMMs would 
probably not move rapidly through solid 
material in the interior of the Earth. If this 
is so it represents a third effective force. 
Static or dynamic equilibrium would be a 
result of all three effective forces. 

In view of the limits of the picture— 
little is known about GUMM energy loss 
processes, there is incomplete knowledge 
of the interior of the Earth and little 
understanding of the accretion 
mechanism—it did not seem appropriate 
to develop a more comprehensive picture. 
The main point I wished to make was that 
even a relatively few GUMMs of opposite 
polarities could contribute a spectacular 
amount of energy. 


RICHARD A. CARRIGAN JR 


Fermi National Accelerator Laboratory, 
PO Box 500, Batavia, 
Illinois 60510, USA 


Estimated speed of a giant 
bipedal dinosaur 


FROM observations of locomotion in 
diverse living animals, including ‘ostrich, 
bird, man, horse and elephant, Alex- 
ander’ obtained a relationship between 
speed, stride length (A) and body size 
(expressed by h, height at the hip). This 
relationship seems to hold true, at least in 
general terms, for large and small animals, 
both bipeds and quadrupeds, at gaits from 
walk (A/h<2.0) to run (A/h >2.0). To 
estimate the speeds of certain dinosaurs 
Alexander applied this relationship to 
their tracks, where A could be measured 
directly and h could be estimated from the 
size of the footprints. He found’ that the 
estimated speeds were rather low— 
between 1.0 and 3.6 ms’ (3.6 and 13.1 


km h`’). 
Alexander’s method has since been 
applied to various other dinosaur 


tracks’*, but few of these have yielded 
speed estimates greater than about 4.2 m 
s` (15.0 km h`’). A notable exception 
was provided by Russell and Béland’, who 
calculated that a short section of trackway 
in the Mesaverde Formation (Cretaceous) 
of Colorado“ had been made by a dinosaur 
running at a speed of 7.54ms"! 
(27.1 kmh™'). The Colorado dinosaur 
was apparently a giant bipedal ornithis- 
chian (probably an ornithopod of the 
family Hadrosauridae), with A being 





~3.44 m and a live body weight of ~11 
tonnes’. Russell and Béland based their 
calculations on data published by Brown’, 
whose account of the Colorado trackway 
is rather ambiguous; in one place Brown 
referred® to a “fifteen foot stride”, while 
in another he mentioned that the dinosaur 
“stepped 15 feet 2 inches”. A stride is 
commonly understood to comprise two 
consecutive steps, or paces’, though the 
terms ‘stride’ and ‘step’ have sometimes 
been used synonymously, Evidently 
Brown was referring to a step (or pace), 
for the distance of 15 feet was measured 
between two footprints which he 
identified as those of left and right feet. 
Russell and Béland apparently followed 
Brown’s interpretation: they presumably 
took the figure of 15 feet to represent a 
step (left footprint to right footprint) and 
doubled it to obtain the figure of 9.25 m 
which they cite for stride length’. 

I have examined photographs of the 
Colorado footprints (supplied by Dr E. $. 
Gaffney), and I suspect that Brown’s 
interpretation of them may be wrong (see 
Fig. 1). The two footprints identified by 
Brown as left and right are very similar, 


R | 
| 


Stride 














Fig. 1 Diagram illustrating two inter- 
pretations of ornithapod dinosaur track- 
way from the Cretaceous of Colorade 
(American Museum of Natural History, 
no. 3650). Each footprint has the digits 
numbered and is identified as left (L) or 
right (R). The footprints are represented 
by natural casts on the under-surface of a 
sandstone bed, so that left and right 
appear transposed. a, Brown's inter- 
pretation®, indicating a pace of ~15 feet 
(4.57 m); the surface feature marked ? is 
not regarded as part of the trackway. h, 
Revised interpretation, indicating a pace 
of ~7.5 feet (2,29 m). 
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and they may well be prints of the same 
(left) foot. Both prints seem to show the 
same pattern of asymmetry—weak 
outward curvature of digit 3, and an angle 
of divarication between digits 2 and 3 
which is slightly greater than that between 
digits 3 and 4. Mid-way between these two 
footprints is a poorly defined surface fea- 
ture which was regarded by Brown‘ as an 
amalgam of two footprints from other 
dinosaur tracks, This feature is probably 
an incomplete print of the ornithopod’s 
right foot; it is about the same width as the 
other two footprints and shows traces of 
three digits with an appropriate pattern of 
divarication. The three footprints have a 
pattern of digit spacing (digit 2 slightly 
more divergent than digit 4) which is 
characteristic of many ornithopod foot- 
prints® and which is consistent with their 
identification as left, right and left. This 
interpretation also reveals distinct posi- 
tive (medial) rotation of the footprints, an 
arrangement which is common in the 
trackways of other bipedal dinosaurs (see, 
for example, refs 8 and 9); no such foot- 
print rotation is evident in Brown’s in- 
terpretation. 

According to the revised interpretation 
(Fig. 1b) Brown’s measurement of 15 feet 
would actually represent a stride (between 
successive prints of the same foot). Using 
Alexander's method’, it may then be cal- 
culated that the Colorado ornithopod was 
walking (with A/A of 1.34) at a speed of 
2.4 ms™ (8.5 km h’). The highest speeds 
so far estimated from dinosaur tracks are 
in the region of 3.6-4.3 m s~? (13.0-15.5 
km h™'), and these are attributed to small 
bipedal runners with h <1 m (refs 1,5). 
There are no reports of tracks indicating 
that larger bipedal dinosaurs were capable 
of achieving a running gait (with A/h> 
2.0). 

I thank Dr E. S. Gaffney (American 
Museum of Natural History) for providing 
a description and illustrations of the 
Colorado footprints. 


RICHARD A. THULBORN 


Department of Zoology, 
University of Queensland, 
St Lucia, Queensland 4067, 
Australia 
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RUSSELL REPLIES—Brown clearly uses 
‘stride’ in the sense of step in his descrip- 
tion’: “The tracks... (show) the right and 
left foot in normal stride where the giant 


had stepped 15 feet”, He also describes a 
third footprint, made when the animal had 
stepped on a firmer substrate. The steps 
defined by the three footprints would 
presumably have been of comparable 
length or Brown would not have referred 
them to the same trackway. In view of the 
symmetry of hadrosaur footprints’ and 
Brown’s presence at the site where the 
trackway was excavated, prudence 
suggests that his interpretation remains as 
plausible as Thulborn’s proposed alter- 
native. 


DALE A, RUSSELL 


Paleobiology Division, 

National Museum of 
Natural Sciences, 

Ottawa, Canada K1A OM8 
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Inhibition of haemoglobin $ 
gelation and 
water structural effects 


BENESCH AND BENESCH’ recently 
proposed an interesting hypothesis 
concerning the mechanism of action of 
various hydrophobic molecules which 
inhibit the gelation of sickle cell haemo- 
globin (HbS). They suggested that this 
hydrophobic class of sickling inhibitors 
may act on water structure rather than 
interact directly with HbS. The physical 
explanation provided by Benesch and 
Benesch’ for the ‘melting’ of the HbS gel 
at low temperatures seems very plausible. 
They suggest that the creation of more 
polyhedral void spaces in water at lower 
temperatures and the consequent coales- 
cence of ‘filled’ (with nonpolar moieties) 
and ‘empty’ polyhedral cages is respon- 
sible for weakening the hydrophobic 
forces. However, they extend this reason- 
ing to suggest that the inhibition of poly- 
merization of HbS by a variety of 
compounds containing hydrophobic 
residues is also “brought about by 
competition between the water polyhedra 
filled with small hydrophobic molecules 
and those attached to the protein, rather 
than a direct interaction between the 
hydrophobic residues and the protein 
which should be stereospecific’. The two 
Situations are not physically analogous. 

The clumping of ‘empty’ and ‘filled’ 
polyhedral cages leads to the relief of 
hydrophobic interactions while the 
clumping of filled cages with other filled 
cages produces hydrophobic inter- 
actions”, This will apply equally whether 
the cages are filled with nonpolar seg- 
ments from the protein or the smali hy- 
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drophobic molecules. When the latter are 
added to a solution containing the HbS 
polymer, some existing water polyhedral 
void spaces will be further occupied and 
the resulting encounter of cages filled with 
small hydrophobic molecules with those 
filled with nonpolar side chains of the 
protein should provide the stimulus for a 
direct (hydrophobic) interaction of the 
small molecule with the haemoglobin 
nonpolar side chains, in competition with 
the side chain-side chain interaction. Gel 
melting can occur, in such cases, by a 
substitution of protein-protein hydro- 
phobic interaction with protein-small 
molecule hydrophobic interaction. This 
interaction may be weak or strong, 
depending on the nature of the molecule 
and the side chain. If, in addition to this 
hydrophobic interaction, ionic or hydro- 
gen bonding is possible, the direct inter- 
action will be further strengthened. Such a 
possibility has been postulated for `a 
molecule like benzyl alcohol’, although 
there has been no direct proof of this. 

The attempts to increase the effective- 
ness of hydrophobic antisickling agents by 
structural modifications have failed so far, 
not because the agents are incapable of 
direct interaction with the protein but 
because of stronger macromolecule- 
macromolecule interactions in the 
polymer. 
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Matters Arising 


Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 
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Proceedings of a Conference held 1—3 September 1980 in Grignon, France 


Liposomes, Drugs and Immunocompetent Cell Functions 


edited by Claude Nicolau and Alain Paraf 

August/September 1981, xiv + 194pp., £14.00 (UK only)/$34.00, 0.12.518660.6 

The chapters of this volume reflect the multidisciplinary nature of the meetings by discussing liposome research from a number of different 
angles. The main topics considered are the physico-chemical properties of liposomes and their design, the use of liposomes to transport 
molecules into a variety of cells, the improvement of their stability, the use of virus envelopes to introduce material into cells, immunological 
targeting of liposome and transmembrane signalling via membrane bound enymes. In discussing these topics, the contributors not only 
reappraise existing knowledge but also present new findings. Areas of new research covered include the transfer of genetic material, the use of 
liposomes in vivo and in vitro and targeting with monoclonal antibodies. 


a Ld = 
Genetic Engineering 2 
edited by Robert Williamson 
July/August 1981, xii + 204pp., £9.80 (UK only)/$24.00 (Paper), 0.12.270302.2 f : 
The second volume of this important serial publication contains four long contributions from leading researchers in the field. Like the first 
volume, Genetic Engineering 2 presents up-to-date reviews of current research rather than detailed descriptions of practical aspects. 


Contents 
A.J. Jeffreys: Recent studies of gene evolution using recombinant DNA. H.H. Dahl, R.A. Flavell and F.G. Grosveld: The use of genomic 


libraries for the isolation and study of eukaryotic genes. A.D. B. Malcolm: The use of restriction enzymes in genetic engineering. J.O. Baggs: 
Gene cloning in yeast. 


Rhône — Poulenc Round Table Conferences 


The Future of Antibiotherapy and Antibiotic Research 
edited by L. Ninet, P.E. Bost, O.H. Bouanchaud and J. Florent 


July/August 1981, xx + 508pp., £25.00 (UK only)/$60.00, 0.12.519780.2 l 
The purpose of the Rhône-Poulenc Round Table Conferences is to bring together a number of widely known scientists from. universities andthe - 
pharmaceutical industry who are engaged in common research. The second conference was held in Paris in February 1980, and was an attempt 
to obtain a fully up-to-date assessment of the most important aspects of the use and development of antibacterial agents. Its proceedings are 
contained in the present book, which comprises 31 chapters by 44 leading experts. 


The Geology of Libya 


Volumes 1, 2 and 3 
edited by M.J. Salem and M.T. Busrewil 


July/August 1981 

Volume 1: xiv + 348pp., £20.00 (UK only)/ $48.00, 0.12.616501.1 
Volume 2: xli + 430pp., £20.00 (UK only)/$48.00, 0.12.615502.X 
Volume 3: xi + 338pp., £20.00 (UK only)/$48.00, 0.12.615603.8 


The symposium of which these volumes are the record — held in Tripoli in Al-Fateh University, September 1978 —- was the second of its kind to 
be held on the subject. Since the first, in 1969, so many new data and ideas have come to the fore that it has become essential to be able to find in 
one place a complete survey of the decade's work on every aspect of Libya's geology. The three volumes of this major treatise provide just that, 
including in their scope stratigraphy and biostratigraphy, palaeontology, sedimentation, hydrology and hydrogeology, Quaternary geology and 
geomorphology, petroleum geology, mineralogy and economic geology, igneous petrology, structural geology and geophysics. 


Cancer Research in the People’s Republic of China and 
the United States of America 


Epidemiology, Causation and New Approaches to Therapy 
edited by Paul A. Marks 


January 1981, 288pp., £13.80 (UK only}/$24.50, 0.8089. 1363.8 (Grune & Stratton)* 

From the Preface: The first bilateral Conference on cancer research in the People’s Republic of China and the United States was held at 
Columbia University on the fifth anniversary of the opening of the University’s Comprehensive Cancer Center and the Julius and Armand 
Hammer Health Science Center. This volume is composed of those papers delivered by scientists who participated in this conference. . . The 
Conference occurred at a time when advances in the study of cancer epidemiology, biology and therapy in the laboratories of both nations are 
offering new options for the prevention as well as the treatment of cancer. These timely and useful substantive exchanges among scientists 
working in these areas of cancer research in our two countries have enabled us to provide detailed reports of data, in several instances 
previously unpublished, that can be utilized by our colleagues around the world, who are working to decrease the burden of cancer in our 
society. 


*Customers wishing to order this title in the USA and Canada should direct their orders to: Grune & Stratron inc. 111 Fifth Avenue, New York, 
NY 10003, USA. 
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Public Science-——Private View 


D W Budworth 
A critical inside view of science policy in Britain, reflecting 
the author's privileged observations of the decision-making 
process and his personal experiences of its consequences. 
After careers in academic and industrial research, 

Dr Budworth became Secretary of the Research and 
Technology Committee of the Confederation of British 
Industry. He now writes perceptively of practices and 
attitudes prevalent within the administration of science and 
technology, demonstrating how the wrong decisions lead to 
waste and misuse of resources and how national policy 
affects the careers of individual scientists and technologists. 
May xv+182pp 220x140mm 
hardcover 0-85274-449-8 £9.95 
flexicover 0-85274-452-8 £5.95 


New Land for Old 


The Environmental Renaissance of the Lower 
Swansea Valley 


$ J Lavender 
The illustrated case-study of the environmental reclamation 
of a region once described as ‘the most concentrated and 
uninterrupted area of industrial dereliction in Britain’. It 
outlines the causes and extent of the despoliation and 
pollution, the unique interdisciplinary study of the Lower 
Swansea Valley Project, and the subsequent programmes of 
reclamation and community involvement. The book is 
published during the current European Campaign for Urban 
Renaissance, sponsored by the Council of Europe: the Lower 
Swansea Valley exemplifies the themes of this campaign, 
and their relevance to the reclamation of all derelict urban 
land, 

July x+150pp 255x190mm illus 

hardcover 0-85274-386-6 £11.50 

flexicover 0-85274-453-6 £6.95 








Two new titles in the series Medical Physics Handbooks: 


9: Physics and the Circulation 


J O Rowan 
Describing for the first time in a single publication the 
various methods used to investigate the circulation of blood 
in the human body. It is hoped that this integrated 
presentation will enable physical and clinical scientists to 
appreciate better the relative merits of the different methods 
and to match the most appropriate technique to each clinical 
application. The first two chapters discuss the general 
properties of blood, hydrostatics applied to the vascular 
system, and haemodynamics, The remaining chapters 
describe in detail the basic principles and measurement 
techniques associated with each of the different methods, 
identifying their limitations and potential sources or error, 
and discussing their respective clinical applications. 

July xli+ 1725 pp 215x155mm_ illus 

hardcover 0-85274-508-7 £11.95 





10: The Evaluation of Medical Images 


A LI Evans 

A concise introduction to the field of image assessment and 
its application to medical imaging systems. The text 
progresses from an account of the formation and physical 
properties of images to a discussion of how the diagnostic 
medical image conveys information beneficial to the health 
care of the patient. Techniques are described for the 
evaluation of images and the extraction of quantitative 
information from them, prior to a consideration of the overall 
efficacy of imaging systems. Efforts to measure a ‘figure of 
merit’ for an imaging system are discussed, providing an 
insight into the difficulties of image assessment using 
physical criteria, coupled with a realisation that a diagnostic 
image is useful only if it alters the treatment of the patient. 
July x+126pp 215x155mm illus 

hardcover 0-85274-518-4 £11.95 


Adam Hilger Ltd Adam 
The Institute of Physics, Techno House, Hilge 
Redcliffe Way, Bristol BS1 6NX, England 
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X-RAY 
MICROANALYSIS 
IN BIOLOGY 


Edited by M.A. HAYAT 
Professor of Biology 
at Kean College of New Jersey 


June 1981; £30.00; 500pp; 
ISBN 0 333 32355 6 












CONTENTS 
Principles and Instrumentation — A.T. Marshall; 
Preparation of Specimens: Changes in Chemical 
Integrity — A.J. Morgan; Frozen-Hydrated 
Specimens — A.T. Marshall: Frozen-Hydrated 
Sections — A.T. Marshall: Sections of Freeze- 
Substituted Specimens — A.T. Marshall: 
Influence of Specimen Topography on Micro- 
analysis — F.D, Hess; The Skeletal Muscle — M. 
Sjostrom; Liquid Droplets and Isolated Cells — 
J.V. Bonventre, K. Blouch and C. Lechene; 
Quantitative X-Ray Microanalysis of Bulk 
Specimens — F.D. ingram and M.J. Ingram; 
Quantitative X-Ray Microanalysis of Thin 
Sections — G.M. Roomans; Index. 


This is the first book dealing exclusively with 
x-ray microanalysis of biological specimens. It 
not only presents the basic theory and operation 
of the instruments used for producing, measur- 
ing and interpreting x-ray signals, but also 
describes in detail the preparation of bulk 
specimens, sectioned specimens and fluid 
specimens. 


The book includes both qualitative and 
quantitative analysis of biological materials and 
it discusses application of x-ray microanalysis to 
pathology, physiology and cytochemistry. 


Instrumentation is presented in a concise 
manner and methodology in detail. Almost all 
instruments are covered, including TEM, SEM 
and STEM. Instructions are given on how to pro- 
duce, measure and interpret x-ray signals and 
emphasis is given to the aspects of instru- 
mentation that are of practical use. In its 
comprehensive compilation of methods for 
preparing biological specimens the advantages 
and disadvantages of alternate methods are 
discussed. 


READERSHIP: Electron Microscopy, Biology, 
Biochemistry. 

LEVEL: Undergraduate and graduate students, 
researchers and research technicians. 


Send your orders, requests for furthar 
information etc. to: FRANCES ROACH, 
SCIENTIFIC AND MEDICAL DIVISION, 
MACMILLAN PUBLISHERS LTD., 
HOUNDMILLS, BASINGSTOKE, HAMPSHIRE 
RG21 2X5. 
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Food aid, self-sufficiency and the new technology 


In Seeds of Plenty, Seeds of Want, Andrew 
Pearse sets the stage for consideration of a 
number of new directions for food and 
agriculture policy in the 1980s. What to do 
about food aid is one of them. The subject 
is currently embroiled in controversy, 
much of it created by the uneven income 
distribution effects of Green Revolution 
technology, which food aid has more often 
than not reinforced. 

How did food aid come to be what it is, 
and what changes can we expect in its use as 
an instrument of foreign policy and 
consequent impact on developing Third 
World economies? For answers to these 
questions, the interested reader should 
surely not miss Mitchel Wallerstein’s new 
book, Food for War — Food for Peace. 
His is, however, a historian’s book, and the 
book of a political scientist more interested 
in the forces which influence the level and 
allocation of food aid flows than in those 
which affect its impact on development. 

Wallerstein’s book is divided into four 
parts and 12 chapters. Part I presents a 
fairly straightforward, factual summary of 
the origin and subsequent evolution of US 
food aid policy and Part H does the same 
for other bilateral donors and the UN 
system. An important insight growing out 
of the historical material on US policy is the 
perception that in periods of crop surplus 
domestic agricultural policy concerns have 
dominated the political process, whereas in 
periods of shortage foreign policy concerns 
have prevailed. This means that if 
agricultural experts are correctly reading 
future trends, and world grain markets do 
not return to a situation of chronic surplus, 
foreign policy considerations will be even 
more important than before in fixing the 
level and direction of US food aid flows. 

Economic development in friendly 
Third World countries has been and will 
continue to be an important objective of 
American foreign policy, and food aid will 
probably continue to be an important 
instrument for attempting to achieve this 
aim among others. In Part HI, Wallerstein 
presents case material for each major 
recipient country, showing how the food 
aid programme had served one or more of 
the following foreign policy purposes: to 
give economic support to Cold War allies; 
to secure military bases; to exercise 
diplomatic leverage in tense international 
hotspots; to maintain friendly relations 
with UN voting allies. He also discusses the 


Barbara Huddleston 





Seeds of Plenty, Seeds of Want: Social and 
Economic Implications of the Green 
Revolution. By Andrew Pearse. Pp.262. 
ISBN 0-19-877150-9. (Clarendon/Oxford 
University Press: 1980.) £7.50, $22.50. 
Food for War — Food for Peace: United 
States Food Aid in a Global Context. By 
Mitchel B. Wallerstein. Pp.312. ISBN 
0-262-23106-9. (MIT Press: 1980.) $30, 
£18.60. 





interaction between the use of food aid to 
foster US trade interests and the with- 
holding of it asa factor in US economic and 
commercial relations with Third World 
countries. An important aspect of 
Wallerstein’s treatment is his focus on the 
individual concerns and policy interests of 
each of the four Presidents who have 
exercised control over US food aid policy 
since the shift toward its greater use for 
foreign policy purposes in the early 1960s. 
The effect of personality and temperament 
was clearly important, and this suggests 
that while the categories Wallerstein uses 
may be appropriate for the specific 
circumstances of the past, they will not 
necessarily fit the future so neatly. 

The final part of the book treats issues 
relating to the role of multilateral versus 
bilateral food aid in the context of inter- 
national politics. There are some cogent 
reasons for both donors and recipients to 
prefer that some portion of the overall flow 
of food aid be channelled through 
multilateral assistance agencies. However, 
both international politics and the 
sluggishness of the US bureaucracy 
constrain the amount which can be effec- 
tively administered in this way. An alter- 
native for the future which Wallerstein 
suggests, and which is already a glimmering 
in the eyes of some of the more forward- 
looking participants in the food aid debate, 
would be for the International Wheat 
Council to play an increased role in the 
coordination of food aid flows, and for 
donors to come together more frequently 
through aid consortia for agricultural 
development. This mechanism would 
encourage the working out of the 
respective roles of food aid and other 
foreign assistance in complementary and 
developmentally effective fashion, without 
requiring donors to give up the foreign 
policy benefits they stand to gain from 
maintaining bilateral food aid 





programmes. 

Like many good historians, Wallerstein 
uses his material to weave a story which is 
full of complexity anc detail, bringing into 
focus the pattern of past events without 
prejudging the future. In a sense, Pearse’s 
book is also historical, although he tries so 
hard to be true to the results of each piece 
of research which he reports that the story 
he has to tell suffers somewhat. While it is 
not an easy book to read, Seeds of Plenty, 
Seeds of Want does have some important 
points to make, Itisa book about smaliness 
versus largeness, about cultivation for a 
livelihood versus cultivation for a profit, 
about the old way of doing things versus 
the new, It raises issues and suggests 
problems arising out of Green Revolution 
strategies of agricultural development 
which concern aid donors and recipients 
alike. 

Pearse’s volume grew out of a joint 
undertaking of the UN Research Institute 
for Social Development/UN Development 
Programme (UNRISD/UNDP) which he 
directed, the brief of which was to examine 
the socio-economic effects of the Green 
Revolution. The work began in 1970 and 
was conducted by a number of researchers, 
each working on an individual case study or 
particular aspect of the subject. Much of 
the research was completed by 1974 and 
many of the case-study results have 
subsequently been published in their own 
right. Nevertheless, the project directors 
rightly felt that an analytical and inter- 
pretative summary of the main conclusions 
and their policy implications would be in 
order, and Pearse’s book is the result. 

Since the volume is a summary of pre- 
viously published reports of individual 
research efforts, some of them dating back 
several years, its analysis and conclusions 
do not always reflect the latest results 
available; nor is reference made to similar 
kinds of studies done by workers who were 
not part of the UNRISD study, This is un- 
fortunate, since some later work modifies 
and amplifies the findings of the early 
UNRISD pieces, and the book would have 
had more general value if it had set the 
UNRISD material in the context of the 
larger body of work which addresses 
questions relating to the impact of Green 
Revolution technology and means of 
improving its effectiveness as a tool for 
agricultural development. Even among 
those who originally contributed, there is 
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growing recognition that, as the full effects 
of new technologies continue to work 
themselves out, dynamic changes are 
beginning to occur which will provide new 
economic opportunities and more widely 
distributed income growth than previously 
thought. 

This difficulty does not detract from the 
main thrust of the argument, however. 
Pearse states frankly that his objective, and 
that of his collaborators in the UNRISD 
studies, is ‘‘to strengthen those forces 
likely to press for non-elitist development” 
(p.219), and the concluding part is 
particularly successful in creating the basis 
for doing this. The first two parts attempt 
to draw generalizations from the specific 
case studies that were part of the UNRISD 
project. Here Pearse meets with less 
success -~ the material is organized 
somewhat arbitrarily around a number of 
themes commonly associated with Green 
Revolution impact analysis. However, 
some of the studies are quite situation 
specific and of doubtful general relevance. 

In Part IH the critical issues are 
summarized in Pearse’s own words, and 
here both the nature of specific difficulties 
and the lines of possible policy change are 
spelled out with great clarity. It is not 
simply that the rich are getting richer and 
the poor poorer. More importantly, the 
economics of agricultural development are 
such that the most effective techniques for 
increasing agricultural production result in 
a reduction in welfare for small farmers 
where there is land scarcity and labour 
surplus. Pearse does not oversimplify and 
make the mistake of asserting that a return 


“to subsistence agriculture can solve the 


food problem; he recognizes that 
‘production growth cannot occur without 
commercialization of farming. But he 
points out that under the early Green 
Revolution strategy, the number of sub- 
livelihood households increased, with no 
comparable increase in alternative earning 
opportunities for the growing number of 
landless labourers. 

Thus he recommends the different 
strategy of concentrating on the poor but 
aspiring farmer as initial adopter of new 
agricultural technologies, and focuses on 
questions of appropriateness of 
technologies, institutions, and price and 
planning policies for implementing such a 
strategy. Out of the questioning of the old 
approach and the recognition of previous 
failures has arisen a new ‘‘food systems” 
approach to planning which some 
countries are already beginning to pursue 
and which is being supported by further 
research at UNRISD. With its focus on the 
distributional as well as the yield-increasing 


results of agricultural development- 


strategy, the new approach promises to 
open up different avenues for seeing and 
doing which give hope that one day a book 
such as this will no longer be necessary. © 





Barbara Huddleston is a Research Fellow at the 
International Food Policy Research Institute, 
Washington DC. 


Astronomical, in content and in effort. 


Michael Salt and Joseph Needham 





Chung-Kuo Ta Pai K’o Ch'tian Shu (The 
Greater Encyclopaedia of China). Vol.1 
T’ien Wên Hsiieh (Astronomy). Pp.650. 
(Greater Encyclopaedia of China 
Publishing House, 1-A Wai Guan Dong 
Jie, Beijing, 27 (Peking), China: 1981.) 
$30. 





“Your writing’s grown weedier and 
weedier: 

Produce more, or we’ve no further 
need o’ ya’, 

His publishers warned. 

Their advice wasn’t scorned: 

He’s at work on an encyclopaedia. 


AT the present time we seem to be flooded 
with encyclopaedic compilations. Last 
year, there was the new Britannica, and the 
16-volume Dictionary of Scientific 
Biography. This year has seen the new and 
revised edition of Grove. In popular 
astronomy alone, half-a-dozen different 
compendia are available. 

But China is different, for there has been 
no grand encyclopaedia produced in that 
great culture in modern times at all. The 
present book is the first of 80 volumes that 
will cover archaeology, law and 
jurisprudence, history, literature, 
philosophy, religion, economics and many 
other subjects. It deals not only with 
contemporary astronomy but also with its 
history. Astronomy is one of the few 
sciences for which it is possible to write a 
single, continuous, historical account 
reaching from antiquity to the present day, 
as was done by R. Wolf in his Handbuch 
der Astronomie; ihrer Geschichte and 
Litteratur of 1890. Now Chang Yü-Chê 
and his 20 colleagues have accomplished 
the same. 

Physically, this first volume is of 
excellent quality. The binding (of our 
hardback copy, at least) has survived the 
destructive testing to which so many 
Chinese books succumb in transit; the 
paper is thin but substantial; and the print 
is clean and easy to read. The numerous in- 
text photographs and diagrams, too, are of 
admirable quality. So are the beautiful 
coloured plates, clustered together at inter- 
vals throughout the book. Several hours of 
serious reading have revealed only two mis- 
prints, though in a volume of one and a half 
million (Chinese) characters, there must 
presumably be others. But our first and 
enduring impression is that proof-readers 
and publishers have done their utmost to 
ensure an accurate text, handsomely 
presented, 

On the whole, the book is easy to use. An 
English index to entries rescues those 
whose technical Chinese is insufficient to 
give them accurate bearings in the vastness 
of the field. A glossary of proper names, in 
Roman and Cyrillic scripts, promises help 
with the transliterated scientists who 
feature in the text. This promise is not per- 


haps fully carried out, however, for several 
names (e.g. de Broglie, Lorentz, Narlikar 
and Planck) are not given in the glossary. 
This list is really a conversion table from 
the Western forms to the Chinese forms, 
and one has to be forewarned that in the 
main index the alphabetical order follows 
the Chinese form of the name, not the 
original Western one. It is a pleasure to see 
that due credit is given to the great scientific 
men such as Chang Héng, Tsu Ch’ung- 
Chih, I-Hsing and Kuo Shou-Ching, who 
figure in the history of astronomy; though 
we cannot say we like the practice of giving 
entirely imaginary portraits of them (as in 
P1.5), recalling the Renaissance busts of 
Aristotle and Galen with which the older 
historians of biology and medicine used to 
ornament their books. There are also 
plenty of plates and text-figures showing 
ancient Chinese instruments, and pages of 
old Chinese books, all well explained, but 
they do not in any way impede the 
exposition of the most modern theories and 
the most recent knowledge. Finally, star- 
maps identify the traditional Chinese con- 
stellations in terms of those used scien- 
tifically today. 

There are minor inconveniences. One of 
these arises from the purely alphabetical 
arrangement of the entries, which follows 
the sounds of the Pin-yin romanization. 
Another concerns the diagrams. In a work 
arranged by subject, a few well-placed and 
well-chosen diagrams can be made to serve 
an entire section, but here diagrams are 
sometimes lacking in places where they 


“would be helpful. For instance, in the 


article on relativistic cosmology (p.444), 
there is no diagram to illustrate the differ- 
ent values of k in the three models of the 
Universe; but a suitable graph is given in 
the entry on the age of the Universe (p.519). 
Unfortunately, though, there is no cross-_ 
reference. 

Cross-references to entries within the 
volume are achieved by a simple conven- 
tion; a different Chinese type-face in the 
text. In practice, though, this is not 
rigorously applied. For instance, the entry 
on the “problem of the advance of 
Mercury’s perihelion” (p.333) mentions Le 
Verrier and Newcomb, but fails to indicate 
that each of these men is himself the subject 
of an entry (pp.204, 244). 

The matter of entries leads to two more 
important questions. First: in an encyclo- 
paedia of astronomy, how much physics, 
say, or mathematics, should be included? 
Second: how much background 
knowledge, and what level of under- 
standing, should the compiler expect of his 
readers? These questions face every 
author. But for the encyclopaedist, they 
are of paramount importance. 

As regards coverage, we are not compe- 
tent to judge whether or not all the growing 
points of this prolific subject are 
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adequately. covered. We were, however, 
slightly disappointed to find no separate 
articles on quantum theory, on the special 
-or general. theories of relativity, or on 
tensor analysis. One wonders why such 
topics as these are not separately expoun- 
ded when the scintillation counter (p.288), 
photoneutrino processes (p.96) and.metric 
(p.64) each feature individually? Future 
volumes will no doubt supply the missing 
information, but for the present our thirst 
for understanding is not slaked. 

The second question is also difficult to 
answer on the basis of the present volume. 
In general, the articles are well written. 
Some, indeed, are admirable, both in 
exposition and content. Others are less 
good, either failing to link the subject in 
hand with cognate subjects, and with the 
general principles involved; or attempting 
to cover basic theory, the history of the 
subject and its interrelations, all in one and 
the same exposé. Moreover, not all articles 
start from the same intellectual baseline. In 
one, for instance, n and G are glossed, but 
in another, a partial differential equation is 





given, without preliminaries or 
explanation. This case suggests that this 


volume is intended primarily for scholars ` 


and research workers. But if so, why do 
most of the articles lack bibliographies? 
And why are such references as are given 
always to books rather than to research 
papers? 

But these are early days. We must not 
focus disproportionately on comparatively 
minor shortcomings. Subsequent volumes 
will surely make further improvements 
even on the high standard that this first 
volume has set. This work is of a very high 
standard, quite dazzling in production. 
Contributors and editors alike should 
rightly feel proud of all that they have 
achieved within three years. We look 
forward eagerly to the remainder of what 
promises to be a magnificent compilation. 





Michael Salt and Joseph Needham are at the 
East Asian History of Science Library, 
Cambridge, UK. The most recent of Dr 
Needham’s volumes in the series Science and 
Civilisation in China was published late last 
year. 


Prehistoric Sahara of green and plenty 


Martin Williams 


Prehistory of the Eastern Sahara. By 
F. Wendorf and R. Schild. Pp.414. ISBN 
0-12-743960-9. (Academic: 1980.) $65, 
£24.20. 


Derunct lakes and rivers, plant and 
animal fossils, Neolithic villages and rock 
paintings testify to when the Sahara was, in 
certain parts at least, a green and pleasant 
land. Nowhere is the contrast between 
present wasteland and prehistoric plenty 
more stark than in the Western Desert of 
Egypt. For six seasons, from 1972 to 1977, 
a multidisciplinary team from Egypt, 
Poland and the United States laboured to 
reconstruct the life-style, economy and 
habitat of the Palaeolithic and Neolithic 
peoples who once inhabited the now-arid 
wastes between Libya and the Nile. 

The book opens with a short, clear 
account of field and analytical methods. 
Four profusely illustrated chapters detail 
the archaeological finds and stratigraphy in 
each of the localities studied, after which 
the geographically and chronologically 
discrete strands are woven into two rich 
tapestries depicting the former environ- 
ments and human exploitation of the 
Western Desert. A lucid, thought- 
provoking discussion of the origin of food 
production in northern Africa concludes 
the main section of the book. Ten specialist 
appendices follow, including evaluations 
of Quaternary deposits (marred by the un- 
readable Figure Al.1), radiocarbon dating 
problems, artefact and pottery analyses, 
the fossil record, and a scanning electron 
microscope study of cereal grains. 


What conclusions emerge from these 
new data? Themost interesting, best docu- 
mented evidence relates to the Terminal 
Palaeolithic and Neolithic sites near Gebel 
Nabta, 100 km west of Abu Simbel. At 
Nabta playa three Holocene lake phases 
date to > 9000, = 8600 and 7000-5800 BP. 
Terminal Palaeolithic sites persist until the 


“end of the first moist phase; Neolithic sites 


appear at the close. of the ensuing dry 
phase. Early cattle, sheep and goat remains 
date respectively to 9300, 8100 and 7000 
BP. Attempts by the early desert dwellers 
to adapt to an increasingly harsh Holocene 
climate culminated: in domestication, of 


animals and plants over a thousand years * 


before food production became wide- 
spread in the adjacent. Nile valley. 

The final exodus of Neolithic herders 
from the dying grasslands and shrinking 
lakes of the Saharan interior must have had 
repercussions beyond the confines of the 
desert. In this context, the recent 
migrations of starving herds and emaciated 
nomads during the latest sahel drought 
reflect the tragic but inexorable late 
Holocene desiccation of our greatest 
desert. 


A fine testimonial to the dedication of.: 


the archaeologists and to the organiz- 
ational skills of the two authors, this clearly 


written, well-produced volume deserves to , 


be widely read by prehistorians and 


students of the Quaternary. a 





Martin Williams is Associate Professor in Earth 
Sciences and Director of the Quaternary 
Research Unit at Macquarie University, 
Australia. 





Blossoming Balkans 
P.J. Grubb a 


Flowers of Greece and the Balkans: A Fi jeld i 
Guide. By Oleg Polunim Pp.592 + plates: 





ISBN 0-19-217626-9. (Oxford University — 


Press: 1980.) £40, $125. 





THE latest in Oleg Polunin’s series of 
illustrated guides to European plants is a 
most attractive introduction to the Balkan 
flora, which is the richest in Europe, 
amounting to more than 5000 species. 
Over 500 of these are illustrated in colour 
photographs and some 350 others in black- 
and-white drawings. The plan of the book 
is essentially the same as that adopted in the 
earlier Flowers of South-west Europe 
(OUP, 1973), produced jointly with B.E. 
Smythies. There is a general account of the 
climate, geology, flora and vegetation; an 
introduction to each of the ‘‘plant hunting 
regions’’, and then brief diagnoses of 
about 2000 species (320 pp.), followed by 
indexes of names and places, and an 
exhaustive bibliography. A new departure 
is the index of popular names used in 
Yugoslavia, Bulgaria and Greece. There 
are 22:absolutely superb colour plates of 
representative landscapes, but my copy 
lacks numbers 1 to 4 — an unreasonable 
faultin a book costing £40! 

The author conveys his “feel” for the 
country and his enthusiasm for the plants 
very ‘well, His accounts of particular 


regions have been vetted by local botanists, = 


and those of the several areas I have visited 
myself ring true. The drawings are 
excellent, and the photegraphs'constitute 
the usual mixture, some being of little value 
for critical identification but others are 
perfect. Whether the accounts of genera 
that are nowhere illustrated will be of any 
use to those who have mot seen the plants 
concerned elsewhere, I doubt. 

The weakest part of the book is the 
ecological account, particularly the section. 
on forest and scrub communities, and it 
would have been better to have followed 
more closely the scheme of Horvat, Glavac 
and Ellenberg, whose map of vegetation- 
types has been used as the basis for the 
simplified map lining thecovers. More pre. 


cise thumb-nail sketches of the ecology of 


each species described would also have 
been possible. The worst fault is the- 
emphasis on 1920s’ ideas of ‘‘migration 

routes” of plants, and the failure even to 

mention the appreciation built up in. the 

1960s and 1970s of the dramatic changes 

that occurred in Mediterranean 

communities during the [ce Ages, when 

steppe seems to have replaced much of the 

forest. 

Despite its minor blemishes, this book 
will be an invaluable guide in the Balkans 
for those who already have a good: know- 
ledge of northern and central European 
plants. ci 


P.J. Grubb is a University Lecturer in Botany at 
the University of Cambridge. 
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Life of an archaeologist extraordinary 


Peter Warren 





The Find of a Lifetime: Sir Arthur Evans 
and the Discovery of Knossos. By Sylvia L. 
Horwitz. Pp.278. ISBN 0-670-13575-5, 
(Viking: 1981.) $14.95. To be published in 
the UK in October by Weidenfeld & 
Nicolson, price £9.95. 





Few subjects could be more compelling for 
a biographer than Sir Arthur Evans. The 
reasons for this are not simply external: his 
passionate devotion, based on deep 
historical study and extensive 
topographical research, to the freedom of 
the Slav peoples; his re-foundation, almost 
creation, of the Ashmolean Museum; his 
virtually personal discovery of the Minoan, 
Bronze Age civilization of Crete, with its 
complex yet graceful society; and his 
wealth, so generously given over to re- 
creating the Minoans for all the world. All 
these stand as beacons for any biographer. 
But what gives the subject a yet stronger 
appeal is the astonishing range and quality 
of Evans’s mind, that of a true Renaissance 
man, as learned and appreciative in numis- 
matics, botany, Balkan topography and 
history, folklore, Belgic and Roman settle- 
ment in Britain, as in Minoan archaeology. 

Yet one turns to a new biography with 
some trepidation, since this work was done 
in a most perceptive and scholarly way by 
Joan Evans in Time and Chance 
(Longman, Green, 1943), published within 
two years of Evans’s death at the age of 
ninety. As Sir Arthur’s half-sister, Joan 
Evans had access to — indeed was an 
intimate part of — family history, which 
made her book a masterpiece. Since that 
time, too, the archaeologist W.A. 
McDonald has included a lengthy chapter 
on our subject in his excellent survey, 
Progress into the Past. How, then, does 
Sylvia Horwitz fare? The answer is that 
hers is very good and sympathetic account. 
While its lighter tone and air of a rapid read 
mean it in no sense replaces Time and 
Chance, its qualities are clear. It is 
accurate, a few smallish errors apart; it is 
lively and enjoyable, clear though brief on 
archaeological and Balkan political issues; 
it does not disguise Evans’s autocratic and 
imperious attitudes, nor his generosity. 
The most perceptive sections are those 
examining the effects upon Evans of the 
death of his mother when he was six, of the 
sister closest to him and of his wife 
Margaret, daughter of the Liberal and 
historian Edward Freeman, after only 15 
years of marriage. The author’s 
suggestions are convincing, that these 
losses made Evans deeply withdrawn and 
much more reticent about personal feelings 
than was usual even for a high Victorian, 
while at the same time, in pursuing his 
scholarly and political interests, and with 
children, he was extrovert, generous and 
always vigorously engaged. 

The book makes good use of the 40 years 


since Evans’s death and the publication of 
Time and Chance by describing how his 
theories and interpretations have fared 
after two more generations of archaeolo- 
gists and Cretan discoveries. With the 
exception of his views on Mycenae, the 
huge edifice of thought he erected, on 
religion, art, architecture and Cretan pre- 
history, remains the firm basis of con- 
temporary Minoan understanding. While 
reaction to his Minoan colonization of the 
Greek mainland was natural, given the rich 
vein of Mycenaean discoveries explored by 
A.J.B. Wace and a distinguished line of 
Greek archaeologists, the extent of Cretan 
artistic and economic influence through- 
out the south Aegean and southern 
Peloponnese now appears to be much 
greater than critics of Evans’s views could 
then allow. His dating of the destruction of 
Knossos as a palace, at around 1400 Bc, 
and all that that means for Aegean 
prehistory, came under detailed attack 
from Professor L.R. Palmer some years 
ago; but a large majority of archaeologists 
has confirmed the essential correctness of 
Evans’s and his assistant Mackenzie’s 
views, Thermoluminescence dating may 
one day provide a close date for the burning 
of the Linear B tablets, at the heart of that 
controversy, in the fire which consumed 
the palace. 

Unlike recent studies on Schliemann, 
Sylvia Horwitz’s account is thoroughly 


Ordered amino acids 
Linda Fothergill 


Handbook of Protein Sequence Analysis: 
A Compilation of Amino Acid Sequences 
of Proteins with an Introduction to the 
Methodology. 2nd Edn. By L.R. Croft. 
Pp.628. ISBN 0-471-27703-7. wiley: 
1981.) £38, $104.50. 








Tuis second edition of Croft’s compilation 
of amino acid sequences of proteins is 
strikingly different from its predecessor, 
both in format and content. Disappoint- 
ingly, it is no longer loose-leaf, thereby 
losing the useful flexibility of the first 
edition. It is obviously no longer possible to 
slip in annual supplements — a most 
attractive feature in a field such as protein 
(and nucleic acid) sequence determination 
that expands at such a dauntingly rapid 
rate. Sadly, also the useful transparent 
overlay to show residue numbers is no 
longer supplied, although the 
extraordinary practice of designating 
N-terminal acetyl groups as residue one has 
been perpetuated in the second edition. 

A new feature of this second edition is 
that approximately one-third is devoted to 
protein sequence determination 






Courte: Ashmolean Museum 


Sir Arthur Evans — a true Renaissance man. 


sympathetic. She admires the vast nervous 
energy, the astonishing yet repeated flair 
for understanding an object or its function 
from exiguous evidence, often confirmed 
years later by new discoveries. She found 
no need for a severe critique of this eminent 
Victorian. Her account can be warmly 
recommended, for itself and as a 
preliminary to Time and Chance. We 
should recall only that as much is to be 
found of political reporting from remote 
Bosnian fastnesses or richly flowered 
Ragusan gardens as of the splendours of 
the House of Minos, Cj 


Peter Warren is Professor of Ancient History 
and Classical Archaeology at the University of 
Bristol, and currently Director of Excavations at 
Knossos. 


brought to book 


methodology. Much of this section is 
admirably full of practical detail — some- 
thing unfortunately often lacking in 
primary publications. There are some gaps 
however (HPLC separation of peptides is 
not mentioned for example), and a more 
extensive, separate publication would seem 
more satisfactory. Moreover, I suspect that 
a great many of those consulting a 
handbook of sequences are not particularly 
interested in the methodology. 

A comparison of this handbook with 
Dayhoff’s Atlas of Protein Sequence and 
Structure (Supplement 3 to Vol.S, 1978) 
shows that Croft’s book is more up-to- 
date, but that it includes fewer homologous 
sequences from related species, no frag- 
ments and less extensive notes on the proteins. 

Croft’s book will be indispensable in 
providing the most up-to-date handbook 
of protein sequences currently available; 
but please, for the next edition, return to 
the loose-leaf format with annual 
supplements! B 
Linda Fothergill is a Research Officer in the 


Department of Biochemistry, University of 
Aberdeen. 
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POST DOCTORAL OPPORTUNITY 


IMPERIAL COLLEGE ROTHAMSTED 
THEORETICAL SOLID POSITION IN CANADA EXPERIMENTAL STATION 
STATE PHYSICS Available immediately for cloning of | Simon Fraser University announces Harpenden, Herts ALS 23Q 
A b ists fora photosynthetic genes in cyanobac- | the formation of an institute for f 7 
BOS TDOCTORAT teria. Photosynthetic mutants, trans- | research on materials for the con- STATISTICIAN 
formation and cloning vectors are | version and storage of energy, based | P y ; sisot 
RESEARCH ASSISTANT already available. Project will | onthecurrent expertise in the Depart- LAr Ee dighh 


to work on the theory of spin glass 
under the direction of Dr D Sherring- 
ton. Tenure up to two years. Salary 
£7,037 — £11,542 incl. London 
Allowance. 


Applications and enquiries to Dr D 
Sherrington, Physics Department, 
London SW7 2BZ. (9076)A 





NATIONAL UNIVERSITY 
OF LESOTHO 
Applications are invited for the post of 
DEMONSTRATOR IN 
CHEMISTRY. 


Applicants should have at least a BSc 
(General) with Chemistry as a major. 
Main duties of appointee will include 
demonstrating in Part I practical 
classes and the marking of laboratory 
reports and assignments for year I of 
the BSc. Appointment will be on 
contract for a two-year period 
initially with the possibility of 
renewal. 


Salary scale: R 5,856 — 6,504 pa 
(£1 sterling = R 1.69). The University 
has a small number of posts within its 
establishment for which the British 
Government provides supple- 
mentation payments. The present 
post carries no such benefits and is 
ioffered on local terms and conditions 
only. Gratuity for those on short- 
term contracts; inducement 
allowance for expatriates not qualify- 
ang for supplementation; accommo- 
dation at economic rental; family 
passages; baggage allowance; 
education allowances for expatriates; 
wacation and study leave. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar (Appointments}, 
National University of Lesotho, PO 
Roma, Lesotho to arrive no later than 
7 August 1981. Applicants resident in 
JK should also send 1 copy to the 
Committee for International 
cooperation in Higher Education, 
The British Council, Higher 
Education Division, 90/91 
Wottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 

(9093)A 





include cloning, synthesis of gene 
products, etc. Experience in an area 
of recombinant DNA technology 
required. 


Send curriculum vitae and three 
letters to: Dr Lewis Sherman, Dept 
Biological Sciences, 110 Tucker Hall, 
University of Missouri, Columbia, 
MO. 65211. Equal opportunity 
employer. (NW7SIA 


GRIFFITH 
UNIVERSITY 
Brisbane, Australia 


LECTURER — 
SCHOOL OF SCIENCE 
(Clinical Biochemistry) 

The School of Science presently 
offers a concentration area in 
Biochemistry, and is planning to 
extend the coverage of Clinical 
Biochemistry to include courses at 
both undergraduate and post- 

graduate diploma levels. 


It is anticipated that the main 
teaching duties of the present 
appointee will be concerned with the 
postgraduate courses in Clinical 
Biochemistry, but there will be 
opportunities to teach at the under- 
graduate level, and to pursue 
research interests. 


Applicants for the position should 
possess degrees in Chemistry, 
Biochemistry or Medicine and 
appropriate experience in the area of 
Clinical Biochemistry. Applications 
close on 37 October 1981, Tt is antici- 
pated that the appointee will 
commence duty on 1/7/82 or as soon 
as possible thereafter. The appoint- 
ment is budgeted for the lower 
portion of the salary range which is 
presently $A19,821 — $26,037. 


Applicants resident in the United 
Kingdom and Europe may obtain 
further details from the Association 
of Commonwealth Universities 
{Appts.), 36 Gordon Square, London 
WCIH OPF. 


Applicants resident in North 
America may apply for further 
details from the School Adminis- 
trator, School of Science, Griffith 
University, Nathan, Queensland, 
4111, Australia. (9086)A 








ments of Physics and Chemistry in 
battery electrodes and solar cells. We 
are reopening our search for a: 


DIRECTOR OF THE 
ENERGY RESEARCH 
INSTITUTE 
and 
PROFESSOR OF PHYSICS 


and wish to fill this position as soon 
as possible. A candidate for this 
position will be an outstanding 
scientist with an established inter- 
national reputation. 


Applications, accompanied by a 
current CV and the names of three 
referees, should be forwarded to: Dr 
JC Irwin, Chairman, Department of 
Physics, Simon Fraser University, 
Burnaby, BC, Canada V5A_ 156. 
(604) 291-31604154. (NW749)A 








Agricultural Development & 

Advisory Service of the Ministry of 

Agriculture, Fisheries and Food. 

Scope for original work; Interest i 
computing and techniques of data 

handling essential. 


Qualifications: Degree with 
statistical component. At least five 
years relevant post-qualifying 
experience i required for appoint- 
ment to Higher Scientific Officer. 


Appointment in the grade of 
Scientific Officer (£4,809 -— £6,480} 
or Higher Scientific Officer (£6,075 
— £7,999) according to qualifications 
and experience. 

Apply in writing to the Secretary 
naming two referees and quoting Ref 
458 by 6th August 1981. Further 
details on request. OTA 




























Full-time. 


The above appointments are in the South-Trent Sub-Regional Cytogenetics Service 
currently housed in the Maternity Unit at the City Hospital, Nottingham, but will 
shortly be moving to more extensive accommodation on the same site. 


The successful applicants will be expected to share in all standard laboratory 
procedures including culturing, harvesting, slide making, staining and appropriate 
analysis of preparations from blood, amnistie fluid, bone marrow and other tissues. 
The diagnostic workload is heavy but it is hoped that, with these two new 
appointments all members of staff will have same time for personal work. One post 
is available immediately and one from tst October, 1981. 


For the Senior Grade post, preference will be given to those candidates with a wide 
range of experience in diagnostic chromosome analysis. 
For the Basic Grade post, a graduate with a reasonable degree in one of the 


Biological Sciences is required Preference will be given to candidates whose degree 
course or postgraduate work includes a large Genetics component and/or tissue 


culture experience. 


Further information about these posts can be obtained by ringing Dr Pat Cooke 
on Nottingham (0602) 608111 Extension 2785 or by visiting the Department. 


Application forms are available from Personnel Services, Valelrook House, 
Sherwood Hospital, Hucknall Road, Nottingham. Tel: (0602) 625459 anytime. 


Closing date: 30th July, 1981. 


City Hospital 


SENIOR CYTOGENETICIST is::0.. 
BASIC GRADE CYTOGENETICIST 


NORTH NOTTINGHAM HEALTH DISTRICT(T) 


(KHOA 
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but is not essential. 


Neuropharmacologist 
Greenford, Middlesex 


A vacancy has arisen in our Pain Project Group in the Pharmacology Department for a 
neuropharmacologist to extend our investigations into the role of Substance P in pain. 


The vacancy would be suitable for a pharmacology/physiology graduate who will be 
completing PhD studies this year, or has one or two years post-doctoral experience, in a 
relevant subject. Some knowledge of electro-physiological techniques would be desirable 


The Company offers excellent conditions of employment, including a subsidised canteen, 
non-contributory pension scheme, bonus schemes and an active sports and social club. 
Generous assistance will be given with relocation where appropriate. 


Please write or telephone for an application form to: Miss E. M. Butler, Personnel Department, 
Glaxo Group Research Limited, Greenford Road, Greenford, Middlesex UB6 OHE. 


Tel: 01-422 3434, ext. 2707, quoting ref. U.378. 


GI axo Group Research Ltd 





















(9110)A 
























BIOCHEMICAL 
PHARMACOLOGIST 


Graduate — Biochemistry 
and/or pharmacology 


Experience/interest in study of 
neurotransmitters 


We have a place for such a person to work with our 
pharmacologists on ligand binding studies. 


Syntex Research Centre is the research division of Syntex 
Pharmaceuticals Limited, part of the multi-national 
Syntex Corporation. Our conditions of employment 
include a 37 hour week, bonus opportunities, Bupa and 
non-contributory pension, we are situated in pleasant 
rural conditions on a University campus on the outskirts 
of Edinburgh. 






If you want to join our research effort please write for an 
application form to: 


Mr A.B. Cran, Director of Personnel. 


Research Park, 
SYN l EX Heriot-Watt University, 
Riccarton, 


esearch Centre Edinburgh 








The University 
of 
Wollongong 


DEPARTMENT 
OF BIOLOGY 


Lecturer in Ecology 
(Limited term appointment 
of 2 years) 


The appointee will be responsible 
for a third year course in Ecology 
and will be expected to contribute 
to other courses in the biology syl- 
labus. Applicants should possess 
a higher degree and preference 
may be given to a candidate with 
post-graduate experience in 
Ecology. It is expected that the 
appointee should take up the 
appointment on 1st February, 
1982. A tenurable fectureship in 
this field may be obtained from 
Professor A. D. Brown, Chair- 
man, Department of Biology. 


Commencing salary, according to 
qualifications and experience will 
be in the range $A19,821 — 
$A26,037 per annum. Fares to 
Wollongong for the appointee 
and dependents will be paid and a 
relocation allowance is payable. 
The University will consider con- 
tributing to the cost of repat- 
riation on conclusion of the ap- 
pointment. 


Applications should contain full 
details of qualifications, employ- 
ment history, research interests, 
publications list, and the names 
and addresses of three referees 
and should be forwarded to the 
University Secretary, the Univer- 
sity of Wollongong, Box 1144, PO 
Wollongong, NSW 2500, Aus- 
tralia. Please mark envelope 
‘Confidential — Appointment’. 
Applications close ist Septemner 
1981. {9077)A 











FISH PHYSIOLOGY 


POST DOCTORAL 
RESEARCH 


Position available August I, 1981 
(flexible) to study corticosteroid 
dynamics and physiology in adult 
Atlantic salmon. 


Salary $14,000. Second year 
possible. PhD with experience ir 
radioimmuno assays preferred. 


During the Canadian postal strike 
send curriculum vitae and two letters 
of reference to 

NATURE 

Box NW753 

15 East 26th Street 
Suite 1503 

New York, NY 10010 


Otherwise applications should be 
sent to: Dr Melvin Wiesbart, Dept of 
Biology, St Francis, Xavier 
University, Antigonish, Nova Scotia, 
Canada B2G ICO (NW753)A 





KING’S COLLEGE 
HOSPITAL 


RESEARCH ASSISTANT/ 
BIOCHEMIST 


New graduate with Honours degree 
in Biochemistry or Chemistry 
required to work on the developmen! 
of immunoassays for use in repro: 
ductive medicine. 


Starting salary: £5,873 pa (under 
review). 


For job description and applica- 
tion forms contact District Personne 
Department, King’s College Hospital 
Denmark Hill, London SES 9RS 
Telephone: 01-737 0348 (24 hours 
Ansaphone) quoting reference no 
DP/202. Informal enquiries may be 
made by contacting Professor W 
Colins on 01-274 6222 Ext. 2568. 


Post tenable to 31st March 1982 ir 
the first instance, and subject te 
annual renewal. {909A 


Na 
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RESEARCH AND DEVELOPMENT PERSONNEL) 
NUCLEAR WASTE MANAGEMENT | 


Oe eRe EOE HH ENE OE Oa ET DE OE OE ME BOE OEE BE BE ae a Oe ee eh Re PB 
OTST SEMEL OSE Mr CE OE SE OE DOE EE REE OO AR OES BO OOOO OOO Oe BO RST RE A 
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Systems 
Assessment 








Geotechnical 


Engineering 
Research 


Development | 


Challenging opportunities exist at the Whiteshell Nuclear Research Establishment for individuals to 
participate in an expanded research and development program for the immobilization and disposal 
of nuclear wastes. 


The program offers a unique opportunity to participate in team-oriented R&D with wide scope for 
initiative, responsibility and collaboration with other scientific groups in Canada and abroad. 


We require interested and/or trained personnel for the areas of: 


SYSTEMS ASSESSMENT: numerical analysis, hydrogeological modelling and risk 
assessment 


WASTE IMMOBILIZATION: materials science, metal corrosion, glass and ceramics 
GEOTECHNICAL RESEARCH: geology, hydrogeology and geomechanics 


CHEMISTRY: geochemistry, hydrogeochemistry, chemistry of 
actinides, chemical processing and applied chemistry 


ENGINEERING DEVELOPMENT: chemical, mechanical, geotechnical, instrumentation 


and civil 


The Whitesheil Nuclear Research Establishment is located in a wooded area on the banks of the 
Winnipeg River 105 km northeast of Winnipeg and employs approximately 900 people. It has 
modern laboratories and equipment, is organized as a multi-discipline research centre and under- 
takes a wide range of scientific and engineering activities. 


Starting salaries are commensurate with qualifications and experience. We have a comprehensive 
benefits package and relocation assistance is provided. 


Men and women who may be interested in these positions and possess the necessary 
qualifications should apply in writing giving full particulars to: Personnel Supervisor, 
Atomic Energy of Canada Limited — L’Energie Atomique du Canada, Limitee WHITE- 
SHELL RESEARCH ESTABLISHMENT, PINAWA, Manitoba, ROE 1L0; or you may call 


(204) 753-2311. Please indicate your area of interest on your letter of application. 


: > Atomic Energy L'Energie Atomique 


of Canada Limited du Canada, Limitée 
Research Company Société de Recherche 


(NW745)A 











Senior Behavioural 
Pharmacologist 


Eli Lily & Company is one of the world’s largest producers of 
ethical pharmaceutical, animal health and agrochemical 
products. At our U.K. Research Centre, situated near Camberley 
in Surrey, we are actively engaged in basic research and 
development on a variety of projects. 

A vacancy has arisen for a SENIOR BEHAVIOURAL 
PHARMACOLOGIST to lead a small section of three people within 
a multi-disciplinary C.N.S. group. 

This group has a commitment to basic research and our 
laboratories are well equipped with on-line computer control and 
testing equipment. 

This challenging appointment would ideally be suited to a Ph.D. 
candidate with 2-3 years’ experience in research. 

The compensation package includes a competitive salary, non- 
contributory pension and life assurance schemes, B.U.P.A. 
membership, 21 days’ holiday and flexible working hours. 
Assistance with relocation costs will also be considered, where 
appropriate, 

Please write to Sue Smith, Personnel Manager. 





GUA 


LILLY RESEARCH CENTRE LTD. 
ERLWOOD MANOR, WINDLESHAM, 
SURREY. TEL: (0276) 73631. 
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Midland Centre for 
Neurosurgery and Neurology 


Basic/ Senior 
Biochemist 


Applications are invited from graduates in Biochemistry and related 
sciences for the above full time vacancy in the Clinical Chemistry 
Section of the Pathology Department at the above hospital. 

A wide range of routine and special investigations is carried out, and 
participation in research will be encouraged. 

User experience with one or more of the following analytical methods 
would be an advantage, although not essential: G.L.C., HPLC, LR., 
Spectroscopy, Radio isotope assay, isotachophoretic analysis. 
Whitely Council conditions of service and salary applicable to this post. 
The Midland Centre for Neurosurgery and Neurology (81 beds) is a 
regional centre for the treatment of neurological and neurosurgicl 
diseases, situated approximately 4% miles north-west of Birmingham. 
An excellent motorway network provides quick and easy access to 
many surrounding rural and residential areas. 

Interested applicants may visit the department by appointment — 
telephone Mr R.A. Westhead, Principal Biochemist, on 021-558 3232 
ext 257. 

Applications in writing, stating age, qualifications, previous 
experience, together with the names and addresses of two 
referees to the Hospital Secretary, Midland Centre for 
Neurosurgery and Neurology, Holly Lane, Smethwick, Warley, 
West Midlands. 

Closing date for receipt of applications: 31st July 1981,(9064)A 








THE UNIVERSITY 
OF SHEFFIELD 


DEPARTMENT OF 
GENETICS 


Applications are invited from men 
and women for the post of 
Research Assistant in the above 
department, funded by the Science 
Research Council, to work on a 
project on mitotic errors in 
Aspergillus nidulans. Experience in 
fungal genetics desirable but not 
essential. Tenable for three years 
from a date to be arranged. Initial 
salary up to £6,880 a year. 

Details from Professor J. A. Roper, 
the Department of Genetics, the 
University, Sheffield $10 2TN to 
whom applications, with the names 
of two referees, should be sent by 
14 August 1981. Quote ref. 


R609/G (9081)A 
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THE UNIVERSITY 
OF MANCHESTER 
DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANT 
IN BIOCHEMISTRY 


Applications are invited for this 
postdoctoral post to work on the 
reconstruction of the insulin receptor 
and glucose transporter in bilayer 
systems. Salary on Range IA starting 
at £6,880 pa. 


Applications with curriculum vitae 
and names of two referees to Dr MN 
Jones, Department of Biochemistry, 
The University, Manchester M13 
OPL. (9058)A 





UNIVERSITY OF 
OTAGO 
Dunedin, New Zealand 


TEMPORARY LECTURER IN 
CLINICAL/MEDICAL 
MICROBIOLOGY 


Applications are invited from science 
graduates for a temporary post as 
Lecturer in Clinical/Medical Micro- 
biology. This is a one-year appoint- 
ment which could be extended to 18 
months. 


The appointee will be expected to: 
(1) Act as a consultant in medical 
microbiology to the Otago Hospital 
Board. It is anticipated that this con- 
sultation should occupy about 50% 
of the time; (2) Contribute to the 
teaching of the University Depart- 
ment of Microbiology and to join in 
on-going research project or under- 
take independent research. 


Salary: NZ$19,140 — $23,520 per 
annum, depending upon qualifi- 
cations and experience. A particu- 
larly well suited and qualified 
applicant could be appoined at the 
level of Senior Lecturer. 


A portion of the salary may be paid 
as a direct grant for fares and travel 
expenses of the appointee and his or 
her family. The residue will be subject 
to new Zealand income tax. 


Further particulars are available 
from the Association of Common- 
wealth Universities (Appts.), 36 
Gorden Square, London WC1H 
OPF, or from the Registrar of the 
University, PO Box 56, Dunedin, 
New Zealand. 


Applications close on 3/ August 
i 1981. (9085)A 
















POST-DOCTORAL 
RESEARCH ASSOCIATES 
Positions are available 
immediately for recent graduates 
in cell biology and biochemistry to 
work in the areas of intracellular 
binding and internalization of 

gonadotropins. 

The candidates should have 
experience in processing tissues 
and isolated subcellular 
organelles for EM examination, 
their morphological assessment, 
autoradiography — electron 
microscopy or biochemical 
techniques related to the above 
project. 

Qualified candidates contact: Dr 
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Ch V Rao, Dept of OB/GYN, 
4368 MDR Bidg, University of 
Louisville, Louisville, Ky 40292. 
(NW752)A 








POSTDOCTORAL ASSOCIATE. 
Position available September 1981 or 
after. Postdoctoral Associate to 
work on rapid kinetics or hemoglobin 
and the study of protein conform- 
ation. Salary commensurate with 
experience. Send résumé to: Dr 
Quentin H Gibson, Section of 
Biochemistry, Molecular and Cell 
Biology, Wing Hall, Cornell 
University, Ithaca, New York 14853. 
An Equal Opportunity/Affirmative 
Action Employer. (NW754)A 











RESEARCH ASSOCIATE 


Position available immediately for _ 


PhD to work on biochemical and | 
physiological mechanisms in the 
crystalline lens in relation to catar- 
act development. Experience in 
membrane or protein biochemistry 
would be most advantageous. 
Send curriculum vitae to Univer- 
sity of Colorado Health Sciences 
Center, 4200 E Sth Ave, Denver, 
Colorado 80262, USA. The Uni- 
versity of Colorado is an equal 





opportunity employer. (NW750)A 











UNIVERSITY OF DUNDEE 
Department of Biochemistry 
POST-DOCTORAL 
RESEARCH ASSISTANT 
Applications are invited for a Post- 
Doctoral Research Assistant to 
work on an SRC supported project 
investigating the structure of 
hydrogenase from E coli. The 
project involves protein chemical 
characterisation of the isolated and 
membrane bound enzyme and the 
cloning of its structural gene. 
Experience in membrane protein 
characterisation and/or recom- 
binant DNA technology would be 








advantageous. The appointment is 
available from 1 October 1981 or as 
soon as possible thereafter and will 
be for a period of up to three years. 
Applications, accompanied by a 
curriculum vitae and the names of 
two referees should be submitted 
by August 6th 1981 to K. M. 
Cocker, Assistant Personnel 
Officer, The University, Dundee 
DD1 4HN, from whom further par- 
ticulars are available. Please quote 


ref. EST/44/81J. {9099)A 
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Assistant 
Professor 


' Applicants are invited for a tenure- 
[track position at the rank of 
| Assistant Professor. Candidates 
‘possessing an M.D. or Ph.D. 
'several years of postdoctoral 
experience, and a strong commit- 
: ment to developing an independent 
“fesearch program are sought. 
Applicants with research interests 
inneuropharmacology, toxicology, 

or molecular biology are preferred, 
but applications from outstanding 

candidates in any area of pharma- 
| cology are welcomed. Responsibil- 
lities include participation in 
‘departmental teaching 
responsibilities for medical and 
| graduate student training. 


Inquiries, which should include 
‘a curriculum vitae, synopsis of 
current research interests, list 
of publications, reprints of 
selected publications, and the 
names of three referances 
should be addressed to: 
Professor Cheng-Wen Wu, 
Chairman, Faculty Search Com- 
mittee, Department of Pharma- 
cological Sciences, School of 
Medicine, Health Sciences 
Center, SUNY Stony Brook, 
Stony Brook, NY 11794. 


SUNY Stony Brook is an equal 
opportunity/affirmative action 
employer. AKae92A, (NW746)A 








care. 








Instrumentation Specialist 


University of Petroleum & Minerals 
Dhahran, Saudi Arabia 


The University of Petroleum & Minerals, 
Dhahran, Saudi Arabia, is seeking for its 
chemistry departmenta full-time specialist 
to service the department's major instru- 
mentation-Varian XL 200 ft NMR super- 
conducting spectrometer, ENRAF Nonius 
CAD-4 automatic diffractometer, 
RIBERMAG GC-MS and emission spectro- 
graph. New acquisitions will include EPR 
and ENDOR spectrometers. 


Applicants should have a least a B.S. in 
electronics, or a B.S. degree in chemistry, 
physics orchemical engineering with train- 
ing in electronics, and be knowledge- 
able in the operation and maintenance of 
computer-interfaced instrumentation. 
Experience with magnetic resonance is 
preferred, Responsibilities will include the 
maintenance, troubleshooting and repair 
of these instruments. 


Minimum regular contract for two years, 
renewable. Competitive salaries and 





We are inviting applicants for 





Molecular Biology 


with several years experience in recombinant DNA research and nucleic acid 





allowances, Air-conditioned and furnished 
housing provided. Free air transportation 
to and from Dhahran each year. Attractive 
educational assistance grants for school- 
age dependant children. All earned 
income without Saudi taxes, 1014 months 
duty each year with 45 days vacation with 
salary plus other fringe benefits as per 
policy. 


Apply with complete résumé on 
academic, professional and personal 
data, together with photograph, list of 
references, copies of certificates, 
diplomas. and degrees and home and 
office addresses and telephone numbers 
to: 


Dean of Faculty and Personnel Affairs, 
University of Petroleum & Minerals, 
P.O. Box 144, 

Dhahran International Airport, 
Dhahran, Saudi Arabia. 


(108) 4 





Hoechst W3 


is planning to extend considerably its gene technology group in Frankfurt 
(Main), Germany involved in basic research with special regard to health 




















biochemistry. 
Salary will be competitive and in accordance with experience. Applicants should 


have basic knowledge in German language. Applications, including curriculum 
vitae (with a description of previous experience) should be sent to: 


Hoechst Aktiengeselischaft, 
Personalabteilung T, Referat Naturwissenshaftler, 


Postfach 800320. 6230 Frankfurt (Main) 80 (W3801A 
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SYNCHROTRON 
RADIATION RESEARCH 
MRC/SERC JOINT APPOINTMENT 


The Medical Research Council and the Science and Engineering 
Research Council have agreed jointly to appoint a Post Doctoral 
Research Associate to work at the SERC Synchrotron Radiation 
Source (SRS) at the Daresbury Laboratory. This appointment 
provides a unique opportunity for the right man or woman to 
make an original contribution to an expanding field of research. 
The successful applicant would be expected to take 
responsibility for supporting the exploitation of the SRS in the 
field of biological and medical applications of small angle x-ray 
scattering and to participate in the research programme. Projects 
already approved include work on proteins, muscle and viruses, 
and the appointee would be expected to act as a focal point for 
these activities and to advise and assist other SR users in this 
area. An experimental station is being commissioned and will be 
available for some of this work but the appointee would be 
expected to take part in the design, construction and operation of 
further equipment. For this reason, the appointee should have a 
good understanding not only of the application of SR to 
biological problems but also of electronic methods of x-ray 
detection and data collection. The ability to work as a member of 
a team and to have an enthusiasm for the development of new 
techniques are essential qualities. 

An appointment will be made at a salary between £5862 and 
£9015 per annum fixed according to age, qualifications and 
experience. The post will be available for a fixed term of three 
years and will be superannuable. 


Closing date: 31st August 1981. 


For further information please write to or telephone Warrington 
(0925) 65000 Dr. P. J. Duke (Ext. 460). Applications should be sent 
together with curriculum vitae and the names and addresses of 





two referees, quoting reference number DL/765/ 


The Personnel Officer 


DARESBURY LABORATORY 


Science & Engineering Research Council 


Daresbury, Warrington WA4 4AD. 








UNIVERSITY OF 
DURHAM 


DEPARTMENT OF PHYSICS 


SENIOR RESEARCH 
ASSISTANT IN PHYSICS 


Applications are invited from candi- 
dates of post-doctoral status with 
experience in the fields of solid state 
physics, applied physics or materials 
science for an appointment as Senior 
Research Assistant tenable for three 
years from 1 October 1981. 


Initial salary on Range 1A £6,070 
--- £8,515 plus superannuation. 


The appointment is a full-time 
research appointment and the suc- 
cessful candidate will be engaged ina 
programme of investigation on the 
magnetic properties of structural 
steels sponsored by British Gas witha 
substantial financial committment 
from them. 


Applications (three copies) naming 
three referees should be sent by 31 
July 1981 to the Registrar and 
Secretary, Science Laboratories, 
South Road, Durham DHI 3LE, 
from whom further particulars may 
be obtained. (9095)A 





QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 


LECTURER IN NUTRITION 


Applications are invited for a 
Lectureship in Nutrition to take part 
in the teaching of undergraduates, 
MSc students and research students 
and to undertake research in an 
appropriate field. The Department of 
Nutrition has excellent facilities and 
has long been a centre of distinction 
in this field since it was established as 
the first teaching Department of 
Nutrition in Europe. 


In the present circumstances the 
appointment will be made initially 
for a three-year period with the 
possibility of permanency at a later 
date. Salary in the range £6,070 to 
£12,860 plus London allowance of 
£967 pa. 


Application forms and further par- 
ticulars from the College Secretary, 
(N) Queen Elizabeth College, 
Campden Hill Road, Kensington, 
London W8 7AH. Tel: 01-937 5411 
ext 209. Closing date: 7 August 1981. 

(9105)A 





to: 


(9108)A 


UNIVERSITY OF 
OSLO 
ZOOLOGICAL INSTITUTE 


POST DOCTORAL 
POSITION 


Available immediately for a theoreti- | 


cally oriented population ecologist in 
a Scandinavian project on the popu- 
lation ecology of bark beetles. (/ps 
typographus). Experience in devel- 
oping and analyzing simple differ- 
ential — and difference equation 
models are essential. Good training 
in entomology is required. 


The appointment will initially be 
for one year but with the possibility 
of extension to a total of three years. 
The appointee will work in close co- 
operation with empirists and other 
theoreticians working on ips typo- 
graphus (as well as other animal 
groups). 

Applications, including a curricu- 
lum vitae and names of two referees 
should be sent as soon as possible to 
Dr Nils Chr. Stenseth, Zoological 
Institute, University of Oslo, PO Box 
1050, Blindern, Oslo 3, Norway. 

(W37TIA 
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ST JUDE CHILDREN’S 
RESEARCH HOSPITAL 


DIVISION OF 
IMMUNOLOGY 


MOLECULAR 
AND CELL 
BIOLOGY 


Postdoctoral research traineeship: 
are offered in a multidisciplinar 
research institute. (1) Biochemistry 
structure and functions of biologica 
membranes; biological regulatior 
mechanisms with emphasis or 
hormonal action; receptor function: 
and cellular messengers; and contro 
of normal and neoplastic growtt 
(W Y Cheung, M Morrison anc 
G Schobaum); (2) Immunology 
regulation of antibody formation 
macrophage functional hetero 
geneity and characterization ol 
macrophage receptor functions anc 
structures (F L Adler, M Fishmar 
and W S Walker); (3) Pharmacology: 
human and animal cancer chemo. 
therapy; drug-induced changes ir 
DNA replication and repai! 
synthesis; genetic, biochemical anc 
physiological approaches to analysi: 
of mechanisms of drug resistance ir 
human cells (T P Brent, A Fridlanc 
and A Welch), and (4) Virology 
molecular biology and epidemiology 
of viruses; eukaryotic gene 
expression and  regulatior 
(A Granoff, D Kingsbury and R C 
Webster). 


Applicants must be citizens o! 
permanent residents- of the US 
Please send curriculum vitae, name: 
of three references and a brief state 
ment of career objectives to Dr M 
Fishman, Division of Immunology 
St Jude Children’s Researct 
Hospital, 332 N Lauderdale, PO Bo 
318, Memphis TN 38101. 

(NW732)A 





UNIVERSITY 
OF DURHAM 


DEPARTMENT OF 
PHYSICS 


Applications are invited for a 
POSTDOCTORAL SENIOR 
RESEARCH ASSISTANTSHIF 
IN PHYSICS 


for two years, starting as soon a 
possible after Ist September 1981 ts 
work on a collaborative project wit! 
the Max Planck Institute for Radio 
astronomy, Bonn on the interpre 
tation of the continuum radie 
emission of the Galaxy. Candidate 
should preferably have experience is 
cosmic rays, radioastronomy œ 
plasma astrophysics and an interes 
in computing. 


Initial salary in the range £6,070 € 
£7,290 per annum on Range 1A plu 
superannuation. 


Applications (3 copies) namin 
three referees should be sent by 3 
August 1981 to the Registrar an 
Secretary, Science Laboratories 
South Road, Durham DH1 JLE. 

GIDA 
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NIHE | 


National Institute for 
Higher Education, Dublin 


This Institute is the newest in 
Ireland's higher education system 
ang.is funded by the Irish Govern- 
ment through the Higher Education 
Authority as are the Universities. it 
places equal emphasis on its 
teaching research activities. Appli- 
zations are invited for the following 
aosition in the School of Biological 
Sciences: 


LECTURER 
IN 
MICROBIOLOGY 


The School of Biological Sciences 
s at present making a major input 
‘o the Institute’s degree course in 
Analytical Sciences. A number of 
additional biology based teaching 
wogrammes are currently being 
yroposed. The School is engaged 
»xtensively in industry supported 
‘esearch activities and the 
successful applicant will be 
incouraged to contribute to these 
wojects or to initiate independent 
esearch. The expansion of the 
nstitute will ensure that new staff 
1ave the opportunity to contribute 
othe design and inception of new 
aching and research pro- 
rammes, Candidates should be 
vell qualified academically and 
ave research interests in aspects 
if microbial biochemistry, physiol- 
gy, cell culture. 


ialary Scale: Lecturer: IR£10,974 
~ IRE15,318; Assistant Lecturer: 
R£8,561 — IR£10,514. 

\pplication forms and further 
letails are available, on written 
2quest, from the Personnel Office, 
lational Institute for Higher 
‘ducation, Glasnevin, Dublin 9, 
eland. (9082) A 











SUNDERLAND 
POLYTECHNIC 
Faculty of 
Pharmaceutical Sciences 


DEPARTMENT OF 
PHARMACOLOGY 


LECTURER II 
IN PHARMACOLOGY 


(Temporary for one year 
ammencing Ist September, 1981) 
lary scale: Lecturer H £6,462 — 
624 Bar £10,431 per annum. 


rhe post will involve responsibility 
‘teaching students, both in lectures 
d practical classes, courses in 
ysiology and pharmacology to BSc 
armacy, BSc Pharmacology, and 
¢ Combined Studies in Sciences. 


There are several active research 
‘ups within the department and the 
cessful candidate will be encour- 
d to either participate in one of 
se groups or develop his/her own 
zarch interest. 


\n application form and further 
ticulars may be obtained from the 
‘sonnel Officer, Sunderland Poly- 
hic, Langham Tower, Ryhope 
ad, Sunderland SR2 7EE. Closing 
edist July, 1981. (9072)A 
















Magnetic Materials 
Technologist 


New Materials for Data Recording 








are looking for a scientist, either male or female, with at least three years experience 
in the study of magnetic materials. You will work with a team developing materials and 
processes relevant to the fabrication of magnetic recording heads and disks 

The team, which is part of the Advanced Technology function, has significant 
interactions with other IBM Research and Development groups in Europe and the 
USA and the successful applicant would be expected to develop these contacts. 

Applicants should hold a PhD or be able to demonstrate research experience, 
in one of the Physical Sciences and will have a sound theoretical and practical know- 
ledge of magnetics technology. Familiarity with vacuum and plasma processing 
techniques would be advantageous. 


As a Company making a substantial contribution to the country's economy ~ 
over £600m in the last 10 years~IBM employs 15,000 men and women at over 46 
locations throughout the UK. Some 4,000 work at our two manufacturing plants and 





another 1,500 here at the Hursley laboratory. 


In addition to an attractive salary,a substantial employee benefits package is 
offered which includes a non-contributory pension scheme. free life assurance and 
BUPA membership. Relocation assistance will be provided where appropriate. 

If you are interested in the above vacancy, 
please write for an application form to Lionel Hobbs, 
Personnel Officer, IBM United Kingdom Laboratories 
Limited, Hursley Park, Winchester, Hampshire 
$021 2JN. Please quote ref: (N/92286) 


IBM United Kingdom Laboratories Limited, based at Hursley near Winchester, 
| 















AGRICULTURAL 
RESEARCH COUNCIL 


FOOD RESEARCH 
INSTITUTE 


Chemistry & Biochemistry 
Division 


SCIENTIFIC OFFICER 


A Chemist is required in the 
Chemistry & Biochemistry Division 
to join a team to study the naturally 
occuring potentially toxic com- 
pounds in vegetables. The aim of the 
research project is to identify and 
determine such toxic compounds in 
varieties of vegetables currently 
grown or being developed in the UK. 


Qualifications: A first or upper 
second class Honours degree in 
Chemistry. 


Salary; On a scale £4,809 — £6,480 
(under review). Non-contributory 
superannuation scheme. 


Further particulars and applica- 
tion form from the Secretary, Food 
Research Institute, Colney Lane, 
Norwich NR4 7UA, quoting 
reference 81/18. 


Closing date: 7th August 1981. 
{9075)A 





INSTITUTE OF 
CHILD HEALTH 


30 Guilford Street, 
London WCIN IEH 


DEPARTMENT OF 
HAEMATOLOGY AND ONCOLOGY 


RESEARCH 
ASSISTANT 


required immediately in Oncology 
Laboratory for continuation of 5 
year research project on isolation of 
recombinant genomic and cDNA 
clones for human a feto-protein 
(a FP) and albumen. The project is 
co-ordinated from the Institute with 
recombinant DNA work under the 
supervision of Dr Kay Davies and 
Professor Bob Williamson of the 
Department of Biochemistry, St. 
Mary’s Hospital Medical School, 
wi. 


Pre-doctoral and post-doctoral 
applicants with suitable experience 
considered. Initial salary: pre- 
doctoral £6,252 pa; post-doctoral 
£7,037 pa (both inclusive of London 
Weighting). Appointment available 
until March 1983 with possibility of 
renewal. 


For further information telephone 
Dr Jon Pritchard on 01-405 9200 Ext. 
248 (9.30am — 5.30pm) or 01-771 
6683 (8.00 — 10.00pm).  (9094)A 





PROFESSORSHIP in the Clinical 
Smell and Taste Research Center at 
the University of Pennsylvania, 
Established scientist working in. 
olfactory neurophysiology in 
Physiology and/or Otorhinolaryn- 
gology Department. Based in VA 
Hospital. Preferably with an MDO 
degree. Write to Dr James B Snow, 
Jr, Department of Oterhing- 
laryngology and Human Communi- 
cation, Sth Floor Silverstein, 
Hospital of the University of Penn- 
sylvania, Philadelphia, Pennsylvaria 
19104 and provide three letters of 
reference. The University of Pennsyl- 
vania is an Equal Opportunity/ 
Affirmative Aetion Employer, 
(NWTSDA 


UNIVERSITY OF | 
CAMBRIDGE 


DEPARTMENT OF METALLURGY 
AND MATERIALS SCIENCE 


POSTDOCTORAL 
ASSISTANT 


To work with Dr D J Fray in an inves- 
tigation into novel cell designs and 
electrolytes for-electro-winning from 
chloride solutions. The project is 
intended to make a significant con- 
tribution to energy saving. The 
appointment will be for three years at 
a commencing salary of £6,070 pa, 


Applications, which should 
include the names and addresses of 
two referees, should be sent to The 
Secretary, Department of Metallurgy 
and Materials Science, Pembroke 
Street, Cambridge CB2 302, not 
later than | Augast 1981, (069A 
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(9060) A 





MEDICAL RESEARCH 
COUNCIL 


ENVIRONMENTAL 
EPIDEMIOLOGY UNIT 


RESEARCH 
ASSISTANT 


The Environmental Epidemiology 
Unit of the Medical Research Council 
based at Southampton General 


ae . Hospital has a vacancy for a Research 


Assistant. This is a new Unit whose 
main interest is determining 
environmental causes of disease in 
man. 


The successful applicant will assist 
the Director with surveys mainly in 
the field of cancer. The work may 
include interviewing patients and 
travelling within England. A 
numerate graduate with at least one 
year’s experience in survey work or 
an appropriate MSc will be preferred. 


The appointment will be in the 
Research Assistant Grade 1B, for a 
period of three years and salary will 
be in the range £5,285 — £7,700, 
depending on age, qualifications and 
experience. The post will be superan- 
nuable under the Universities Super- 
annuation Scheme. 


Further particulars and 
application forms from the Secretary 
to Professor E D Acheson, MRC 
Unit in Environmental Epidemi- 
ology, South Lab/Path Block, Level 
F, Southampton General Hospital, 
Southampton. (Tel: Southampton 
777222 Ext. 3984.) Closing date for 
applications August 14th. (9098)A 





LOTHIAN HEALTH BOARD 


METABOLIC UNIT 


Western General Hospital, 
Edinburgh 


Applications are invited for the 
appointment of a: 


SENIOR GRADE 
BIOCHEMIST 


in the above Unit which is concerned 
with the management of, and 
research into endocrine, metabolic 
and nutritional disorders. Previous 
relevant experience required. Suit- 
able candidates may register for a 
higher degree and may take part in 
the MCB training programme run by 
the Departments of Clinical Chem- 
istry. Salary on the scale £7,674 — 
£9,921. Whitely Council conditions 
of service apply. 


Further particulars may be 
obtained by contacting the Secretary, 
Metabolic Unit, Western General 
Hospital, Crewe Road, Edinburgh 
EH4 2XU, Telephone 031-332 2525, 
extension 365. 


Applications, which should be 
typewritten, giving particulars of 
age, qualifications and previous 
experience, together with the names, 
addresses and telephone numbers of 
two referees should be lodged with 
the Secretary, 11 Drumsheugh 
Gardens, Edinburgh as soon as 
possible, but not later than two weeks 
from the date of this advertisement. 

(8063) 


Synthetic Organic Chemistry 


Pharmaceutical Research 


We would like to hear from Synthetic Organic Chemists who will complete 
their Ph.D. this year or who have up to three years academic or post doctoral 
industrial experience. 


The successful candidates will be expected to play an important role in the 
design and synthesis of novel compounds for biological evaluation, and will 
work as members of a multi-disciplinary project team in close collaboration 
with biologists. 


The company, which has a very large investment in research and 
development, has its modern research laboratories in Milton Keynes where 
housing for rent or purchase is available. The site is within easy reach of 
London and other major cities. 


Salaries and conditions are of the high order to be expected from a world 
leader. Benefits include a contributory pension scheme with free life 
insurance, free membership of PPP, subsidised staff restaurant and 
generous allowance for relocation where necessary. 


Please write or telephone for an application form to: 


Adrian Forrest, Personnel Department, Hoechst UK Limited, 
Walton Manor, Walton, Milton Keynes, Bucks. 
Tel: Pineham 5068. 


Hoechst 





! Personnel Officer, Guy's Hos- 






GUY'S HOSPITAL 
Basic Grade Physicist 


Required to join the Department of 
Clinical Physics and Bioengineering. 
The person appointed will work 
primarily in non-ionising radiation 
aspects of Medical Physics inlcud- 
ing clinical instrumentation and 
physiological measurement. Appli- 
cants should have a good degree in 
physics or electronic engineering. 
Salary in the range of £5,873 to 
£7,637 (inclusive), depending on 
qualifications and experience. 

Further information from Dr. 
Gratorex, Dept. of Clinical 
Physics and Bioengineering. 
Application forms from the 


pital, St Thomas Street, London 
SE1. Tel: 01-407 7600 Ext. 3471 
quoting reference P/30. (9070)A 

















UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF 
GENETICS 


POST DOCTORAL 
RESEARCH FELLOW 


A post is available for a post-doctoral 
research fellow (salary in the 1A 
range) from October Ist 1981 to April 
15th 1984, The project involves 
assessing the effect of teratogens on 
cells in primary cultures and corre- 
lating the data with effects obtained 
in vivo. The techniques used in this 
work include developmental biology, 
histology, cell culture, protein elec- 
trophoresis, use of radioactive 
tracers, etc. Training will be given as 
necessary but experience with high 
resolution electrophoresis or cell 
culture would be important. 


The applicant would be associated 
with a team working on cellular and 
molecular problems of cell differen- 
tiation. 


Applications with CY and the 
names of two referees to the 
Secretary, University of Edinburgh, 
Old College, South Bridge, 
Edinburgh EH8 9YL, Please quote 
Reference 5034, (9092)A, 


GENETIC resources conservation. A 
vacancy exists at the International 
Institute of Tropical Agriculture, 
Ibadan, Nigeria, for a scientist to co- 
ordinate the activities of the 
Institute’s Genetic Resources Unit. 
The successful applicant must have a 
doctorate in the field of crop science, 
botany, or genetics and previous 
experience of crop breeding and/or 
genetic resources conservation. As 
well as the collection, maintenance, 
evaluation, documentation and pres- 
ervation of large amounts of food 
legume and rice germplasm, the Unit 
Co-ordinator and his staff work 
closely with the Institute’s and other 
crop improvement programs to 
promote the use of germplasm. The 
Unit runs an annual training course 
for African Technicians in many 
aspects of crop genetic resources 
conservation, Applications direct to: 
Director for Administration, Inter- 
national Institute of Tropical 
Agriculture, Oyo Road, PMB 5320, 
Ibadan, Nigeria. (9068)A 





Commissioning Editor 


Academic Press seeks a new Commissioning Editor 
with publishing experience and preferably with a 
background in or experience of physics, earth sciences, 
materials sciences or engineering. 













Please write with full career information to: 


Anthony Watkinson, 
Academic Press Inc. (London) Ltd., 
24-28 Oval Road, London NW1 7DX 


{9112A 
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KING’S COLLEGE 
London 


DEPARTMENT OF 
BIOPHYSICS 


POSTDOCTORAL 
RESEARCH ASSISTANTS 


1) Biochemist with experience in 
nucleic acid and protein chemistry or 
enzymology to study the mechanism 
of chromatin transcription in vitro. 
Post tenable for 2 years from 
1 September 1981. Salary in the range 
£6,070 to £8,515 plus £967 London 
allowance. USS. 


2) Cell Biologist or Biochemist 
with experience in tissue culture and 
recombinant DNA techniques to 
study the structure and expression of 
cloned genes in eukaryotic cells, Post 
tenable for 2 years from 1 September 
1981. Salary in the range £6,070 to 
£9,335 plus £967 London allowance, 
USS. 





Please reply as soon as possible, 
with a curriculum vitae and the names 
and addresses of two referees, to Dr 
H J Gould, Department of 
Biophysics, King’s College, 26-29 
Drury Lane, London WC2B 5RL. 

(9051)A 





THE ROYAL 
VETERINARY COLLEGE 
University of London 


DEPARTMENT OF MICROBIOLOGY 
AND PARASITOLOGY 


POSTDOCTORAL 
VIROLOGIST/ 
IMMUNOLOGIST 


A postdoctoral worker is required to 
assist in investigations of the patho- 
genesis of a herpesvirus-induced 
paresis in horses. The two-year, 
grant-aided project offers a salary in 
the range of £6,299 — £8,095, plus 
£967 London Allowance per annum. 
Entry point would be according to 
2xperience and qualifications. 
Further information about the work 
zan be obtained from Dr N Edington. 


Application form and further 
details obtainable from Assistant 
Secretary (Personnel), The Royal 
Veterinary College, Royal College 
Street, London NW1 OTU (Tel: 01- 
$87 2898 Ext. 264), (9074)A 








WASHINGTON STATE 
UNIVERSITY 


FACULTY FOR INSTITUTE 
OF BIOLOGICAL 
CHEMISTRY 


An outstanding scientist is being 
sought to fill a permanent faculty 
position in the Institute. This person 
will be expected to conduct a vigorous 
research program in biological 
chemistry relevant to agriculture and 
participate in graduate teaching. 
Salary and rank are open to negotia- 
tion. Review begins September 1, 
1981. 


Send nominations and appli- 
cations, including a curriculum vitae, 
a short description of research goals 
and a list of three or more references 
to P E Kolattukudy, Director, 
Institute of Biological Chemistry, 
Washington State University, 
Pullman, Washington 99164. 


Washington State University is an 
equal opportunity/affirmative 
action employer. (NW735)A 





OREGON STATE 
UNIVERSITY 


SCHOOL OF 
OCEANOGRAPHY 


IGNEOUS/METAMORPHIC 
PETROLOGIST 


Faculty position, 12-month, tenure- 
track, Candidate expected to develop 
strong research program 
emphasizing the application of latest 
theoretical, experimental and geo- 
chemical methods to petrological 
problems, particularly those related 
to the formation of oceanic crust, 
islands, and/or volcanic arcs. 


Rank is Assistant/Associate 
Professor. Salary: $23,000-$38,000 
commensurate with experience. 


Send résumé and names of three 
references by 1 September 1981 to: 
G Ross Heath, Dean, School of 
Oceanography, Oregon State 
University, Corvallis, Oregon 97331. 


OSU is an Affirmative Action/ 
Equal Opportunity Employer. 
(NW755)A 





LONDON SCHOOL OF HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 


Keppel Street/Gower Street, 
London WCIE 7HT 


POSTDOCTORAL 
RESEARCH FELLOWS 


\pplications are invited for two posts in the Department of Medical Proto- 
cology for biochemical parasitologists to investigate: 1) Metabolism in 
nalaria parasites; 2) The mode of action of antiprotozoal drugs. Candidates 
hould have a strong background in biochemistry and experience in cultivation 
echniques, preferably with parasitic protozoa. 


The posts are initially for one year, commencing October 1981 or earlier, 
vith a possibility of renewal. Initial salary not less than £7,037 gross depending 


m qualifications and experience. 


Applications, with curriculum vitae and the names and addresses of two 
eferees, should be sent as soon as possible to The Senior Assistant Secretary at 


1¢ School. 


(9062)A 










































| National Research Conseil national 
Council Canada de recherches Canada 


RESEARCH OFFICER 


The Canada Centre for Space Science of the National 
Research Council of Canada requires a Research Officer. As 
a Space Scientist in the Scientific Planning and Evaluation 
Group, the duties will include: 


— Assisting in the evaluation and processing of - 
proposals received by the CCSS for the rocket and 
balloon program, the satellite program and supporting 
ground-based experiments. 

-— Participating in the planning of scientific campaigns 
forming part of the above programs:and in scientific 
working groups associated with the experiments. 

— Perform studies pertaining to monitoring and 
evaluating the functioning of the above programs as 
and when required. 

~— Participating in CCSS national and international 
committees and working groups as required. 

— Participating as an investigator (experimental or 
theoretical) in CCSS associated scientific programs. 


— Performing other associated duties as required. 


Preference will be given to candidates having a PhO in 
Physics with several years’ experience in space science or 
equivalent research experience in space science. 


Salary — Up to $30,430 per annum depending on 
qualifications. 


Apply in writing to the Employment Officer, 
National Research Council of Canada, Ottawa, 
Ontario, K1A ORG. 

In reply, please quote CCSS-81-2-N. 
(NW747) A, 








UNIVERSITY OF ZURICH (Switzerland) 
FACULTY OF VETERINARY MEDICINE 


invites applications for the position of 


PROFESSOR in 
VETERINARY 
PHYSIOLOGY 


Applicants should have a higher degree, a PhD or an 
equivalent qualification in veterinary physiology and 
teaching experience at university level. They are expected 
to perform and to direct experimental research, to teach 
physiology (in German) to undergraduate veterinary 
students and to be head of the institute of veterinary 
physiology. 


Salary range: SFr. 99 300 to 128 200 (1SFr. = 0.5 US$). 


Applications including a curriculum vitae and a fist of 
the applicant's published papers should be addressed 
to the Dekanat der Veterinaérmedizinischen Fakultit 
der Universitat Zürich, Winterthurerstr. 260, CH 8087 
Zürich (Switzerland) to arrive no later than 
October 1, 1981. 
















(WS79)4 
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THE AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited from suitably qualified persons for appointment to 
“the following positions: 


RESEARCH SCHOOL OF BIOLOGICAL SCIENCES 
DEPARTMENT OF DEVELOPMENTAL BIOLOGY 


RESEARCH FELLOW 


The successful applicant will be expected to undertake research on the 
developmental biology of plants. The Department has special interests in 
plant hormones, tissue culture, and cell biology. Applications in all these 
areas will be considered but preference will be given for work on aspects of 
development utilising ultrastructural and/or immunological approaches. 
Applications should include a summary of research interests and 
proposals, together with the names and addresses of three referees. 


Closing date: 11 September 1981. 
DEPARTMENT OF POPULATION BIOLOGY 


RESEARCH FELLOW 


The successful applicant will work in the fields of developmental molecular 
biology or genome structure. Current research is concerned with 
‘} developmental aspects of the genome of Drosophila using cloning, 

‘sequencing and genetic techniques. The applicant would be expected to 
contribute to studies analysing developmental mutants or developmental 
facets of genome structure in Drosophila or mammals. The position will not 
be available until June 1982. 


Closing date: 11 September 1981. 


FACULTY OF SCIENCE 
DEPARTMENT OF PHYSICS 


LECTURER 


The successful applicant will hold a PhD and should be prepared to teach 
undergraduate courses at all levels and will be required to participate in 
experimental research in the department using pulsed and c.w. dye lasers 
to study the interactions of their radiation with atomic systems. A person 
| with a good theoretical background in quantum mechanics of such 
interactions would be preferred. 


The appointee should be able to take up duty without delay. 
Closing date: 30 September 1981. 


Salary will be in accordance with qualifications and experience within the 
. ranges: Lecturer $A19,821 — $A26,037 p.a.; Research Fellow $A19,821 — 
$A25,871 p.a. Current exchange rages are $A = $US1.14 = £Stg.0.57p. 


Unless otherwise stated, appointment as Research Fellow will be for up to 
three years with possibility of extension to five years. Lecturer: four years in 
the first instance, with possibility, after review, of reappointment to retiring 
age. 

Reasonable travel expenses are paid and assistance with housing is given 
for an appointee from outside Canberra. Superannuation benefits are 
available for applicants eligible to contribute. The University reserves the 
right not to make an appointment or to make an appointment by invitation 
at any time. 


Prospective applicants should obtain further particulars from the 
Registrar, P.O, Box 4, Canberra ACT 2600, Australia, or from the 

Association of Commonwealth Universities (Appts), 36 Gordon 

Square, London WC1H OPF, before submitting applications OIA 














SHEFFIELD AREA HEALTH AUTHORITY (TEACHING) 
CENTRE FOR HUMAN GENETICS 


CYTOGENETICIST 


There is a vacancy for a Cytogeneticist (Basic Grade) at the above Unit. 
The work is part of a Regional diagnostic service and will include tissue 
culture and the identification of chromosome abnormalities. 
Applicants should have a relevant Science degree. 


Salary Scale £5,346 per annum rising to a maximum of £7,110 per 
annum. 

Applicants wishing to visit the Laboratory or requiring further 
information should telephone Mr A.M. Potter at Sheffield (0742) 
667333. 

Applications, together with curriculum vitae and the names and 
addresses of two referees, should be sent to the District 
Personnel! Officer, B Floor, Royal Hallamshire Hospital, Glossop 
Road, Sheffield $10 2JF. 

Closing date for applications: 24th July 1981. (9067)A 




























UNIVERSITY 
OF WARWICK 


POSTDOCTORAL FELLOW 
IN 
BIOLOGICAL SCIENCES 


This post in the Chloroplast Research 
Group is part ofa SERC grant for the 
study of the role of light in con- 
trolling chloroplast development in 
higher plants, with specific reference 
to the involvement of phytochrome 
in the expression of nuclear genes 
encoding chloroplast proteins. 
Experience with phytochrome, radio- 
immunoassay or nucleic acid hybrid- 
ization would be an advantage. 


The post is tenable from Ist 
October 1981 on the Research Range 
IA scale: £6,070 to £10,575 pa. 


Applications (no forms) should 
include a curriculum vitae, and the 
names of two referees to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL and 
quote Ref No 48/A/81/0. Informal 
enquiries to Dr J Bennett, Depart- 
ment of Biological Sciences by 7th 
August, 1981. (9102A 





THE UNIVERSITY 
OF MANCHESTER 
FOETAL EPITHELIAL 


PHYSIOLOGY 
Applications are invited for the post of 


TEMPORARY LECTURER 


held jointly between the Departments 
of Physiology and Child Health. Re- 
search will be on ion transfer across 
the placenta mainly in sheep or pigs. 
Teaching duties will be in the 
Department of Physiology. This is a 
new venture and the initial 
appointment will be for a term of 
three years. The possibility exists for 
the appointment to be made sub- 
stantive if the joint appointment is a 
success. Initial salary range pa: 
£6,070 — £7,290. 


Particulars and application forms 
(returnable by September Ist) from 
the Registrar, The University, 
Manchester M13 9PL. Quote ref. 
127/81/N. (9004)A 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 


DEPARTMENT OF 
MEDICAL BIOCHEMISTRY 


POST-DOCTORAL 
RESEARCH OFFICER 


Applications are invited for the 
above 2-year appointment to work 
with Dr A K Campbell and DrG R A 
Hunt on the application of nuclear 
magnetic resonance spectroscopy to 
the study of cell injury. Starting 
salary up to £6,070 on the scales for 
University Research and Analogous 
staff. 


Candidates should have completed 
the work for a PhD in chemistry, bio- 
chemistry or a related discipline. 
Previous experience of NMR is an 
advantage, but not essential. 


Further particulars (quoting 
reference No C38/4/37) from the 
Registrar and Secretary, Welsh 
National School of Medicine, Heath 
Park, Cardiff CF4 4XN (tel no 
0222/755944 ext 2296). Closing date 
for application 25th July, 1981. 

(9089)A. 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENTS OF 
GENETICS AND BOTANY 


TECHNICIAN 
(GRADE 3) 


to work on the genetic analysis of the 
bacterium Streptomyces. Candidates 
should have experience in micro- 
biology, genetics or biochemistry, 
and an interest in microbial genetics. 


Minimum qualifications ONC plus 
three years experience, but suitable 
for recent graduate. 


Salary within range £4,672 — 
£5,473 pa. 


Application forms can be obtainec 
from the Registrar, The University 
PO Box 147, Liverpool L69 3BX 
Quote Ref. RV/850/N.  (9080)A 





STUDENTSHIPS 





EE LO 
The Hatfield Polytechnic 
School of 
Natural Sciences 


RESEARCH IN 
GEOLOGY, CHEMISTRY, 
CROP PROTECTION 


Applications are invited from ap- 
propriately qualified graduates for 
the following posts: 


SRC CASE Studentship 
Investigations of road-making 
materials in South-West England. 

SRC CASE Studentship 
Chemistry of cement forming 
compounds. 

Postdoctoral Fellowship 

Research Assistantship 
Both into novel methods of meta 
recovery from complex ores. 

Research Studentship 
Crop Protection. 


Application forms and furthel 
details from the Staffing Office 
The Hatfield Polytechnic, PO Bo) 
109, College Lane, Hatfield, Herts 
(Hatfield 68100, ext. 309). 


Please quote reference 414. 


Closing date: 27th July, 1981. 
(9071)F 


ALLTEL ENE LADLE LEE SEE LEE I 





UNIVERSITY 
OF ABERDEEN 
DEPARTMENT OF 
CHEMISTRY 
SRC CASE STUDENTSHIP 
Molecular Sieve Precursors 
A three year grant, in associatic 
with Unilever Research, is availab 
for research into the mechanism | 
formation of zeolite molecul: 
sieves. The holder will form part: 
an active group working in the are 
and will gain experience of a varie 
of techniques. 


The grant, which is subject to t 
usual SRC requirements (Briti 
nationality, first or upper secol 
class honours degree), carries a sm: 
supplement above the usual SF 
rates. 


For further details, contact Dr L 
Dent Glasser, Department 
Chemistry, University of Aberdec 
Meston Walk, Old Aberdeen A 
2UE, as soon as possible. (9090)F 
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STUDENTSHIPS continued 





THE OPEN | 


UNIVERSITY 


SRC 
Research 
Studentships 


ASRC studentship is available from 
tst October, 1981 for a student to 
undertake biological/biophysical 
research on regular tissues 
(muscle, cornea, possibly lens) 
using biochemical and electro- 
physiological methods, and light 
and X-ray diffraction, including 
high intensity synchrotron X-ray 
diffraction and neutron diffraction. 
The work would be with the 
Biophysics Research Group (Chair- 
man, Professor G. F. Elliott) of the 
Oxford Research Unit. Our labor- 
atory is well equipped and based in 
a pleasant country mansion with 
wooded grounds on the outskirts of 
Oxford. 

We are looking for a graduate with 
a first (or upper second) class 
degree in biological sciences, 
chemistry/biachemistry or in 
physics with some biological 
interests. 

Please contact Professor Elliott, Dr 
Zehra Sayers or Dr Else Bartels by 
letter or telephone. (OXFRU, 





Foxcombe Hall, Boars Hill, Oxford; 
Please quote 
(9084)F 


0865 730731), 
reference (SO/3), 





THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF HUMAN 
METABOLISM AND 

CLINICAL BIOCHEMISTRY 
Applications are invited for a 
Postgraduate Research Studentship 
tenable from 1 October 1981. The 
successful applicant would work in 
one of the following areas: 1) 
intracellular control mechanisms of 
pituitary hormone secretion; 2) 
Neuroendocrine control in the 
hypothalmic-pituitary hormone sec- 
retion; 3) Mechanisms of inflamma- 
tion and control of proteinase and 
prostaglandin production by human 
chondrocytes in relation to arthritis; 
4).Vitamin D metabolism in man in 
health and disease; 5) Biochemical 
control of human blood platelet 
function. The Department has 
excellent facilities for laboratory and 
clinical: work, with emphasis on 
endocrinology, connective tissue 
biology, cancer research and throm- 
bosis. Other topics are available. 
Applications, including curriculum 
vitae and the names of two referees, 
should be sent to Professor R. G. G. 
Russell, Department of Human 
Metabolism and Clinical Biochern- 
istry, University of Sheffield Medical 
School, Beech Hill Road, Sheffield 
$10 2RX (tel: 0742 26484, Ext. 3037) 
¿as soon as possible. Quote Ref: 
R610/G. (Q111)F 











UNIVERSITY 
OF WARWICK 


SERC/CASE STUDENTSHIP 
IN 
BIOLOGICAL SCIENCES 


Applications are invited from micro- 
biologists or biochemists for a 
SERC/CASE Studentship in the 
Department of Biological Sciences. 
The project concerns the application 
of molecular biological techniques to 
the taxonomy of the C, compound 
utilizing bacteria, particularly those 
of industrial importance. 


The University supervisor will be 
Dr CS Dow and the co-operating 
body (Torry Research Station — 
National Collection of Industrial 
Bacteria) supervisor will be Dr D M 
Gibson. 


Applicants should write direct to 
the Departmental Secretary, 
Department of Biological Sciences, 
University of Warwick, Coventry 
CV4 7AL enclosing a curriculum 
vitae and the names of two referees by 
7th August, 1981. (9101)F 





UNIVERSITY OF 
SOUTHAMPTON 


Clinical Pharmacology — 
Faculty of Medicine 


TWO RESEARCH 
STUDENTSHIPS 


leading to the degree of PhD are 
available to study: 1. The biochem- 
ical pharmacology of human lung 
mast cells, and; 2. Metabolism of 
drugs by the intestinal microflora. 
Applicants who have or expect to 
obtain a first or upper second 
honours degree in biochemistry or 
biochemical pharmacology should 
send a current c.v. and the names of 
two referees to Dr M K Church, 
Clinical Pharmacology, Centre 
Block, Southampton General Hos- 
pital, Southampton SO9 4XY as soon 
as possible, from whom further 
details may be obtained. (9096)F 





UNIVERSITY OF 
BATH 


SCHOOL OF 
BIOLOGICAL SCIENCES 


SRC CASE 
STUDENTSHIP 


Applications are invited from 
graduates with an upper second or 
first class degree in Plant Sciences or 
arelated subject for a CASE Student- 
ship to study the effects of virus infec- 
tion on clonal variation in woody 
ornamentals. 


The work will be done in collabor- 
ation with Long Ashton Research 
Station and the joint Horticultural 
Trades Association/National 
Farmers’ Union Nursery Stock 
Committee. 


Applicants should send curriculum 
vitae and the names and addresses of 
two referees to: Dr R G T Hicks, 
School of Biological Sciences, Uni- 
versity of Bath, Claverton Down, 
Bath BA2 7AY, from whom further 
details may be obtained. (9066)F 











CONFERENCES and COURSES 








Entrance requirements: 







LOTHIAN REGIONAL COUNCIL 
NAPIER COLLEGE 


DEGREE OF MASTER 
OF SCIENCE 
in 
THE BIOLOGY OF 
WATER MANAGEMENT 
(CNAA) 


A 12 months full-time course: 60% of course time taught; | 
40% of course time research. 


Subjects: Natural Quality of Water Resources; 
Pollution Causes; Pollution Effects; 
Pollution Control 


Further information may be obtained from: 
Dr K J Anderson, Head of Department of Biological — 
Sciences, Napier College, Colinton Road, 
Edinburgh EH 10 5DT (Tel: 031-447 7070) 


CONFERENCES continued on page sa 












An honours degree in a f 
biological subject or an equivalent qualification 


(9065)C 








UNIVERSITY 
OF ABERDEEN 


DEPARTMENT OF 
AGRICULTURE 


Cytokinin production in 
nodulated legume cuttings 


SRC CASE STUDENTSHIP 


Applications are invited for a three- 
year SRC Case Studentship to be held 
in the Department of Agricultural 
Biochemistry, University of 
Aberdeen in conjunction with Dr T L 
Wang of the John Innes Institute, 
Norwich. The project will involve 
studies on the legume-bacteria 
symbiosis and its influence on 
cytokinin production and 
metabolism. Approximately equal 
time will be spent in Aberdeen and in 
Norwich. 


Applicants should have or expect 
to obtain a first or upper second class 
honours degree in biochemistry, 
chemistry or the biological sciences 
and an interest in plants. 


Applications with the names of 
two referees should be sent as soon as 
possible to Dr T Stuchbury, 
Department of Agricultural 
Biochemistry, University of 
Aberdeen, 581 King Street, Aberdeen 
AB9 IUD from whom further details 
can be obtained. (9091)F 





FELLOWSHIPS 


UNIVERSITY OF 
ANTWERPEN 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
FELLOWSHIP 


available 1 October 1981 or as soon as 
possible thereafter in a laboratory 
specializing in analytical chemistry 
and applications of microanalysis 
(ion microscopy (SIMS), laser micro- 
probe mass analysis and electron 
microprobe). 

Candidates with experience In 
EMPA or SEM will be preferred. The 
position involves research with a new 
fully equipped Superprobe 733 on 


particle analysis for environmental a 


applications. Appointment is for 2 
years. 


(before inceme tax). 


Additional information: telephone = 


Profs F Adams or R Gijbels, Belgium 
317/28.25.26 ext. 213 or 214 or admin- 
istration exi. 166. 


Send résumé, statement of 
research interests and two references 
to University of Antwerpen, UTA, 
Director of the Personnel, Univer- 
siteitsplein 1, 2610 Wilrijk, Belgium. 

(WITRE 


continued on page xxx 

















Salary: 60,740-68,220 BF/month 
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FELLOWSHIPS 





Southampton 


| THE 
4 UNIVERSITY 


T. 


THE HARTLEY FELLOWSHIPS 
of the 
UNIVERSITY OF 
SOUTHAMPTON 
Applications are invited for three 
Fellowships normally tenable from 
1 October 1982, for up to two years 
research, in any field for which 
facilities are available within the 
Faculties of Arts, Science, Engin- 
eering & Applied Science, Social 
Sciences, Law, Educational 
Studies, Medicine and Mathemat- 

ical Studies. 
Fellows will normally be appointed 


capacity for original research, and 
who have up to five years post- 
doctoral experience or equivalent 
research record. 
Salary will be related to age and 
experience and be within nationaily 
agreed ranges for research staff in 
universities. (No provision for travel 
or removal expenses}. 

The closing date for applications for 
me 1982 competition is 1 October 
1981. 

Details and application forms from 
Mr. E. D. Gordon, Secretary, Com- 
mittee for Advanced Studies, 
Academic Registrar's Department, 
The University, Southampton S09 
5NH. Please quote Ref. N. (9073)E 














UNIVERSITY 
OF WARWICK 


RESEARCH FELOWSHIP 
IN 
VIROLOGY/BIOCHEMISTRY/ 
IMMUNOLOGY 


=i Our recent work suggests that 


antigenic modulation is responsible 
for the neutralization of influenza 
virus by antibody, since monoclonal 
anti-haemagglutinin antibody 
inhibits the activity of the internal 
virion transcriptase. 


We are seeking applicants with a 
background in biochemistry/virology/ 
immunology to study the molecular 
aspects underlying this phenomenon, 
assisted by a research technician and 
as part of a large group working on 
related topics under the direction of 
Dr N J Dimmock. 


The post is funded by the Medical 
Research Council for three years, on 
the Research Range IA scale: £6,070 
to £16,575 pa. Informal enquiries to 
Dr NJ Dimmock, Department of 
Biological Sciences. 


Applications (no forms) giving 
details of age, qualifications and 
experience together with the names of 
two referees to the Academic 
Registrar, University of Warwick, 
Coventry CV4 7AL quoting Ref No: 
48/2A/81/0 by 7th August, 1981. 

(9103)E 





UNIVERSITY OF 
WARWICK 


Compton Scattering Studies of 
Electron Density 
A SRC supported two year 
POSTDOCTORAL FELLOWSHIP 


is available in the Department of 
Physics, for gamma-ray Compton 
scattering studies of charge density in 
transition metals and their alloys. 
Most of the experiments will be 
carried out using the recently com- 
missioned 241Am Compton spectro- 
meter at Warwick, but some of the 
experiments are scheduled for the 
high energy Compton spectrometer 
at the Rutherford SRC Laboratory. 
The successful applicant will play a 
major role in the planning, execution 
and computational analysis of the ex- 
periments, working with a graduate 
research assistant under the direction 
of Dr M J Cooper. 


The appointment, to commence on 
or before Ist October 1981, will be 
made at the second or third point of 
the Research Range IA scale: (cur- | 
rently £6,475 — £6,880 pa respec- | 
tively). 


Informal enquiries to Dr Cooper, 
Department of Physics; application 
forms from the Academic Registrar, 
University of Warwick, Coventry 
CV4 7AL quoting Ref. No. 
47/A/81/0. Closing date for receipt 
of applications 7th August, 1981. 

(9061) 


AGRICULTURAL 
RESEARCH COUNCIL 


INSTITUTE OF 
ANIMAL PHYSIOLOGY 


Babraham, Cambridge CB2 4AT 


POST DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post 
doctoral appointment financed for a 
period of up to 3 years by the National 
Research Development Corporation 
in one of the following fields:- 
i) Chemical carcinogemesis and cell 
transformation in vitro; 

ii) Hybridoma production. Both 
areas will involve study of animal 
and/or human cells secreting 
hormones or antibodies. 


Candidates should have a Ist or 
upper 2nd class honours degree and 
at least 2 years post-graduate 
experience in molecular biology 
and/or immunology and 
aquaintance with cell culture 
techniques. 


Salary in Higher Scientific Officer 
scale (under review) £6,075 to £7,999 
pa. Starting pay according to 
experience non contributory pension 
scheme. 


This post can be discussed in more 
detail with Dr W Mason on 
Cambridge (0223) 832312. 
Application forms from the 
Secretary of the Institute quoting 
reference NRDCI. Closing date: 
31.7.81. (9106)E 








EMBO 
European Molecular Biology Organisation 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 


SPRING 1981 AWARDS 
Next deadline: August 15, 1981 


EMBO long term post-doctoral fellowships are awarded to promote the 
development of molecular biology and allied research in Europe and 
Israel. To be eligible a candidate must hold a doctorate degree and the 
exchange must involve a laboratory in Western Europe or Israel. 
EMBO fellowships are not, however, awarded for exchanges between 
laboratories within any one country. Long term fellowships are 
awarded initially for one year, but subject to review of progress by the 
selection committee, they are usually renewed for a second year. In 
cases of exceptional scientific merit renewal for a third year is possible. 
The fellowship comprises a return travel allowance for the fellow and 
any dependents and a stipend and dependents’ allowance. 


Since the selection procedure may include an interview, candidates are 
requested to respect the deadline for complete applications which is 
August 15, 1981. Successful candidates will be notifed of their awards 
immediately after the meeting of the selection committee which is on 


October 23, 1981. 


Application forms and further details may be obtained from Dr. J. 
Tooze, Executive Secretary, European Molecular Biology 
Organization, Postfach 1022.40, 69 Heidelberg 1, F.R. Germany. 


(W370)E 








UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF MICROBIOLOGY 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post- 
doctoral Research Fellowship to join 
a group led by Professor W A 
Hamilton working on the fouling and 
corrosion of steel structures in the 
North Sea. This is a joint project with 
the School of Mechanical and Off- 
shore Engineering at Robert 
Gordon’s Institute of Technology 
and is financed by the SERC Marine 
Technology Directorate. 


Appointment will be from Ist 
October 1981 and will be for one year 
in the first instance. 


Salary within Range 1A £6,070 — 
£10,575 per annum, with appropriate 
placing. 


Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by Friday 7 August 
1981. (9083)E 


UNIVERSITY OF 
SOUTHAMPTON 
CHEMISTRY DEPARTMENT 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN ORGANIC 
ELECTROCHEMISTRY 


Fellowships are available in Synthetic 
Organic Electrochemistry. One posi- 
tion will require extensive industrial 
collaboration. Salary on 1A scale, 
minimum starting point £6,880 pa, 
plus superannuation. 


Applicants, having experience in 
electrochemistry or synthetic organic 
chemistry should send CV and the 
names of two reverees to Dr J M 
Mellor, Department of Chemistry, 
University of Southampton, High- 
field, Southampton SO9 SNH. 
Please quote Ref.N. (9059)E 








MEDICAL COLLEGE OF 
ST. BARTHOLOMEW’S 
HOSPITAL 
University of London 
BIOCHEMISTRY DEPARTMENT 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post- 
doctoral research fellowship sup- 
ported by the British Diabetic Associ- 
ation to work with Dr J B Clark on 
the role of insulin in the regulation of 
energy and neurotransmitter metab- 
olism at the nerve ending (synap- 
tosome). The post is available for 3 
years starting immediately at a salary 
of £6,475 pa + £967 pa LW. 


Applications, with a curriculum 
vitae and names of two referees, 
should be sent as soon as possible to 
Dr J B Clark, Department of Bio- 
chemistry, Medical College of St. 
Bartholomew's Hospital, Charter- 
house Square, London ECIM 6BQ. 
(Tel: 01-253 0661, Ext. 22). QO79)E 
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INTERNATIONAL DIOXIN 
CONFERENCE 
Washington, D.C. 

25-29 October 1981 i 
information: Box 209, Rockville, 
MD 20850. Tel. 301: 468-2500 x 
409. (NW756)C 
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NATURE announces the publication in 1981 of the worldwide market of chemical 
the Annual Directory of Biologicals and manufacturers, distributors, suppliers, and 
Disposable Chemicals. The directory will be exporters. 
available for distribution to all NATURE No instrumentation or apparatus listings will be 
subscribers in the Autumn of 1981. It will also be included in this directory; its sole purpose is to 
marketed separately, offering an even larger provide detailed information for cur readers as 
distribution. to where they may secure the biologicals, 
A New Buyers guide chemicals and gases for use in their 
The basic thrust of the . labora tories. 
directory will be to | The directory will be 
provide NATURE cross-referenced and 
subscribers witha Mg inciude chemical 
definitive reference 8 classifications, product 
catalogue from which classifications, 
they may purchase the geographical location 
chemicals and of suppers and other 
disposables listed. J © referenced information 
From research : i | as needed. 
conducted around the 
world the NATURE i 
marketing staff has Te herkes 
TA a op = natur C include (but not be 
biologicals, disposable limited to) tuese 
chemicals and gases. biological reseach 
Probably more than chemicals 
any other scientist, the d immunochemicals 
NATURE reader Autumn Zo 
represents the largest 1 @ ‘ine chemicals 
potential market for the @ reagents 
sale of these 6 enzymes 
chemicals, @ isotopes 
@ monoclonals 
Every attempt will be @ vases, etc. 
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Companies write for details NOW! 


I'm interested in knowing more about Natures My name: 
new Directory of Biologicals. 





Titlen n ce Re ee eee = 





[] Send me a questionnaire so that my company 
can have its products listed in the Directory Company: Sl aa 





|_| lam interested in reserving advertising PRE CH ce ce 
space, send me a rate card for the Directory 





[4 Put me on your mailing list to receive more i 
information N Code 





[l ]Havearepresentative call or see me Telephone number: na 


Andy Sutherland 


iia 
or Marion Delaney Henry Dale 
Nature Nature 
4 Little Essex Street 15 East 26 Street 
London WC2R 3LF New York NY 10010 












































-liquids scintillation counter. 


, 


e madeit self-calc 


The Philips RIA LSC is the only liquid 
scintillation counter in the world completely de- 
dicated to radioimmuno assay. It's also the only _ 
onë which can perform the full range of RIA cal- 
culations, giving a direct print-out of the result, 
e.g. hormone concentration value. 

Furthermore, its built-in microcomputer 
can also store up to 15 different measuring pro- 
grammes, each with a wide range of parameter 
settings. 

But, despite this capability, operation is. 
simple, convenient and efficient. Programme/ 
parameter set-up is via a user-orientated key- 
board. The ogramme to be used is then selec- 
ted by bunching holes in the programme selec- 
tion card fixed to the tray. This gives positive 
sample identification and permits multi-user 
operationitalso means that sample trays can ` 
easily be re-arranged after loading without dis- 
rupting the programming, thereby catering for 
urgent jobs. 

With its sample capacity of 310 (31 trays 
of 10 standard or mini vials each), the Philips 
RIALSC can carry out up to 15 different RIA tests 
withoutsupervision — just producing rapid, 
accurate results. 

if you're doing a lot of RIA on a standard 
LSC, consider the Philips RIA LSC. It not only 
gives: you the results you want, in the form.in 













Oassay 





ating too! 


which you want them, but because it is dedi- 
cated to RIA and does not require an external 
computer for calculations, it also works out con- 
siderably cheaper. 

And if you are already one of the many 
Philips LSC users, with a few interchangeable 
accessories you can have the best of both 
worlds. 
Calculation possibilities include: - automatic calcula- 
tion and plotting of weighted dose response curve(s) 
for single and dual labelled samples; curve optimisa- 
tion in’area of interest; comparison between entered 
and calculated concéntrations: replicate averaging 
with % coefficient of variation; automatic elimination of 
faulty standards, calculation of actual concentrations 
of unknown samples; etc. 
Programme parameters include: - window settings; 
background subtract: normalisation count; number of 
replicates: pre-set time; pre-set count; repeat count, 
low count reject; bound or free fraction: output format 
(e.g. CPM, DPM, % Bound, or Concentration). 








For further information contact: 
The Nuclear Analysis Manager, 
Phiips Industries, S & | Division, Lelyweg 1, 
7602 EA Almelo, The Netherlands. 
Telephone: (05490) 1 82 91. Telex: 36591. 
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MAJOR NEW SERIES 


TOPICS IN MOLECULAR 
& STRUCTURAL BIOLOGY 


General Editors: 


WATSON FULLER, 


Department of Physics, University of Keele. 


STEPHEN NEIDLE, 


Department of Biophysics, King’s College, London. 


TOPICS IN MOLECULAR AND STRUCTURAL 
BIOLOGY is a major new series which is aimed at 
emphasising interest in three-dimensional 
structure — the feature which most obviously 
characterises molecular biology as a discipline. 


Each volume will focus on a particular family of 
biological macromolecules or a well-defined area of 
structural interest. The contributions will be chosen to 
reflect the wide range of physical and chemical 
techniques which characterise contemporary 
approaches to problems in molecular biology. 


The aim will be to highlight topics of high current 
interest rather than to provide a text with uniform and 
comprehensive treatment of the field. 


The contribution that this series will make in 
encouraging interest in three-dimensional structure 
willbe clearly derived from a broad experimental base. 
Descriptions of more speculative model building and 
conformational analysis will certainly not be excluded 
but there will be a major emphasis on identifying the 
assumptions which limit their significance. 


The need to place such studies in some perspective 
would seem to be particularly timely since the rapidly 
increasing availability within many laboratories of high 
speed computers with good quality graphics can be 
expected to stimulate a great deal of work in this area. 


The general level of treatment in this series is aimed at 
research workers in molecular biology and related 
fields. The major emphasis is on the results which 
have been obtained and the significance which should 
make these volumes of particular value to workers in 
cognate areas of applied biology and medicine. 


SCIENTIFIC 
& MEDICAL 


VOLUME 1 
TOPICS IN NUCLEIC ACID STRUCTURE 
Edited by STEPHEN NEIDLE 


Spring 1981 £20 c230pp 

ISBN 0 333 26678 1 

This work systematically details the most recent data 
on all structural aspects of oligonucleotides, transfer 
RNAs, polymeric nucleic acids and chromatin, 

Each category is described both in terms of X-ray 
crystallographic and solution NMR data. 

A standardised and rational system of nomenciature is 
used throughout the book. 


VOLUME 2 

DEVELOPMENTS IN NUCLEIC ACID 
STRUCTURE 

Winter 1981 c£24 ISBN 0 333 31555 3 


VOLUME 3 

MOLECULAR ASPECTS OF ANTICANCER 
DRUG ACTION 

Winter 1981 c£24 ISBN 0 333 31556 1 


Send your orders, requests for further information 

etc.to: Frances Roach, Product Manager, 
Scientific & Medical Division, 
Macmillan Publishers Ltd, 
Houndmills, Basingstoke 
Hampshire RG21 2XS, U.K. 


| MACMILLAN 
PUBLISHERS LTD 
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Contemporary thought on the quality of life 


and the evolution of society as influenced by 
current scientific theory and practice... 





SCIENCE and ETHICAL 


RESPONSIBILITY 
Proceedings of the U.S. 
Student Pugwash Conference 
University of California, 

San Diego, June 19-26, 1979 


Edited by 

Sanford A. Lakoff 

University of California, San Diego 

With the assistance of 

Jeffrey Leifer, Ronald Bee, Eric Markusen 


Foreword by Bernard T. Feld, MIT 


A thought-provoking collection of papers by eminent 
scientists, scholars, public figures, and exceptionally 
talented young people. The contributions treat ethical 

poo ema in the relations of science to society in connection 
with: 

e Weapons technolo 

è Biomedical ressar 

è Technological aid to developing countries 

è The social effect of mechanization in agriculture 

e The role of scientific whistle blowers 

© Activities of scientists in political controversies 

Among the senior contributors are such distinguished 
scientists and policy makers as George Kistiakowsky, 
science advisor to President Eisenhower; Jonas Salk, 
discoverer of the Salk polio vaccine; Herbert F. York, U.S. 
Ambassador to the Comprehensive Test Ban talks in Geneva; 
Clifford Grobstein, leading commentator on problems in 
bioethics; Roger Revelle, a major authority on population 
and development policy; three of the leading figures in the 
national debate over SALT I and arms control: Herbert 
Scoville, Jeremy Stone, and William van Cleave; and the 
Governor of California, Edmund G. Brown, Jr. 


1980, 345 pp., illus., with line drawings 
Paperbound ISBN 0-201-03993-1 $17.50 


CONCEPTS of HEALTH and 


DISEASE: interdisciplinary 
Perspectives 


Edited by 

Arthur L. Caplan 

The Hastings Center and Columbia University 

H. Tristram Engelhardt, Jr., Georgetown University 

James J. McCartney, Georgetown University Medical Center 
and Biscayne College 


Foreword by Denton Cooley, Texas Heart Institute 


The concepts of health and disease play pivotal roles in 
medicine and the health professions. This volume brings 
together for the first time the requisite literature for 
understanding current discussions and debates about these 
concepts. The selections in the volume attempt to present a 
wide range of views concerning the nature of the concepts 
of health and disease using both historical and 
contemporary sources. 

Contents: 

Health and Disease: Basic Interdisciplinary Reflections. 
Historical Development of Disease Concepts. Disease versus 
Values: Sex, Race, Addiction, and Sexual Preference. Disease 
versus Values: Mental Health and Illness. Contemporary 
Analysis of Disease and Health. New Directions. Index. 


June 1981, a 
Paperbound 


rox. 700 pp. 
BN 0-201-00973-0 $29.50 


Prices quoted in U.S. dollars. Outside U.S.A. prices may vary 
somewhat from those listed reflecting distribution costs and currency 
fluctuations. Prices are subject to change without notice. 


FROM CHANCE to PURPOSE 
An Appraisal of External 
Human Fertilization 


Clifford Grobstein, 
Program in Science, Technology and Public Affairs 
University of California, San Diego 


This book describes in language suitable for the general 
reader the background of the achievement of external human 
fertilization (in vitre fertilization), the nature of the 

rocedures used, and the broad implications it has for the 

uman future, The context of the discussion emphasizes the 
public policy issues and the required political mechanisms 
to reach sound decisions that will encompass both scientific 
advance and constructive social values. 


To encourage the reader to responsibly address the issues 
stemming from the scientific achievement of human in vitro 
fertilization, this book: 

è Deals with the increasing impact of technology on human 
affairs and focuses on the history of deliberate intervention 
in human heredity and development. 

e Confronts the newly-heightened potential for external 
human fertilization and its more immediate consequences. 

o Outlines ethical, social, and political issues associated 
with external human fertilization. 

è Discusses the central issue of genesis of self and 
personhood. 

© Suggests an approach to policy-making which 
incorporates societal values with advanced scientific 
knowledge and technology. 

è Includes the full report of the Federal Ethics Advisory 
Board that held extensive hearings on the issues in 
1978—1979. 


April 1981, 223 pp., illus., with line drawings 
Paperbound ISBN 0-201-04585-0 $17.50 


CELLULAR IMMUNOLOGY 
Selected Readings 


Edited by Vicki L, Sato, Harvard University 
Malcolm L. Gefter, Massachusetts Institute of Technology 


This book is intended as an alternative or companion to 4 
standard textbook for an introductory course in 
immunobiology. It is a collection of some of the original 
papers addressing fundamental questions in the area of 
cellular immunology and immunoglobulin genetics, Chapter 
commentaries serve to introduce basic concepts and to 
rovide an overview of the papers in each chapter. Papers 
ave been selected on the basis of the authors’ teaching 
experience in the biology departments at Harvard and MIT, 
Their courses consist primarily of upperclassmen and first- 
year graduate students. 
Contents: 
Early Studies on Cell Cooperation in the Immune Response, 
B Cells. Functional Diversity of T Lymphocytes. Suppression 
of Antibody Synthesis by T Cells. Tolerance, Macrophages 
and the Issue of Antigen Presentation. Antigen Recognition 
by T Cells. Thymic Education. Regulation at Antibody 
Synthesis: The Network Theory. The Molecular Biology of 
the Immune System. 


September 1981, approx. 630 pp., illus., with line drawings 
Paperbound ISBN 0-201-10434-2 Price to be announced 


vac: Addison-Wesley 


g 
k7 (9) -. * 
` ; Publishing Company, inc. 
2 f Advanced Book Program 
To World Science Division 


Reading, Massachusetts 01867, U.S.A. 


6 Byfield Street. North Ryde. New South Wales 2113, Australia 
33 Bedford Square. Londen WCI8 SDA. UK 

De Lairessestr. G0. Amsterdam 1071. The Netherlands 

36 Prince Andrew PL, Don Mills, Ontario M3C ZTA. Canada 
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FOR DNA AND RNA END LABELING PROTOCOLS 
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T4 Polynucleotide Kinase from BRL is subjected to the most 
stringent quality control assays of any commercial supplier. 
BRL® 14 Polynucleotide Kinase is assayed for both: 

+ deoxyribonucleases, and 

« ribonucieases ; 


However, the most convincing evidence of BRL® T4 Poly- 
nucleotide Kinase quality comes from its daily successful per- 
formance in the DNA and RNA sequencing reactions carried 
out in the BRL laboratories. 


Indeed, RNA sequencing reactions demand the highest level 
of freedom from interfering ribonucleases. BRL® 14 Poly- 
nucleotide Kinase meets this level of quality, as shown in the 
following experiments: 


* BRL® 14 Polynucleotide Kinase caused no detectable 
degradation of 5'[°2P] -tRNAPr during a second 
extended incubation under non-exchange conditions 
(Figure 4). 


* Ribonuclease T4 (G specific) digestion of BRL® 14 Poly- 
nucleotide Kinase labeled tRNA®"® showed the 
sequencing ladder predicted from the literature’, No 
secondary bands due to contaminating ribonucleases 
in either the T4 polynucleotide kinase or ribonuclease T4 
enzymes were detected. 


References: 


4, Rajbhandary, U. L. and Chang, S. H. (1968) J. Biol Chem. 243: 598. 
2. Wurst, R., Maxam, A. and Vournakis, J. (1978) Biochem. 17: 4493. 











Figure 4. Purified 5' 2p] uct BRL No. Size Quantity Price oN <4 G 
“RNA (0.4 ug; 4 x 40% DPMiug) BRL® 14 eS «9G 

wor peunad a ai | Polynucleotide 8004SA 100 units each $ 10.00 | nucleotides 
me presence track 

or absence {track A) of 10 i Kinase 800488 S00 units each 240.00 

units of BRL® 14 Polynucleo- 

tide Kinase for 30 minutes at 


37°C in reaction buffer (25ul; 
50mM Tris HCI pH 9.0, 40mM 
MgCl, 10 mM DIT, 1mM 
spermine). The incubation 





Technical Questions: BRL welcomes all questions concern- 


ing the performance of BRL® 14 Polynucleotide Kinase. gura 2:5 ee 


ug; 2x 105 DPMing) in reac 


was terminated by the addi- Please call the Technical Services Department at (800) tion buffer (Sul; 25 mM 
tion of 25 ul of 40 M ureal2mM 638-4045. sodium citrate pH §.0, 6.5 M 
EDTA, 0.05% of xylene cyano! urea, 0.08% XC, and BPB) 


XC), and bromphenol blue 
(PB). After heating the mix- 
ture to 96°C for one minute 
and quenching on ice, an 
aliquot (10 pl) was analyzed 
ina 40% acrylamide gel but- 
fered with 100mM Trisborate 
(pH 8.3), 8.3 M urea, and 
2mM EDTA. On completion of 
electrophoresis {at 5040°C) 
the gel was exposed to X40y 
fiim overnight? af -20°C. 


BRL 


Bethesda Research Laboratories, inc. 
Customer Service Department 


Toll Free; (800) 638-8992 
in Maryland: (304) 840-8000 


P.O. Box 577 Gaithersburg, MD 20760 


Telex: 908750 BRL GARG 


BRL GmbH 
Otfenbacher Strasse 113 
6078 Neu lsenburg 
West Germany 
Telephone: 06402/3206 
Telex: 447699 BRL NID 


For more information, circle No. 01 on the Reader inquiry Card. 


wos digested with BRL® 
RNAse T4 (2 units—track A; 0 
units— track B} for 15 minutes 
at 58°C. The reaction mixture 
was then heated fo 90°C for 
one minute, chilled on ice, 
and analyzed in a 10% 
acrylamide gel as des- 
cribed in figure 4. Noted 
above are cleavage posi- 
tions from the 5° end of 
tRNAPHS, ' 
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Only self-help for British universities 
Clinch River runs again 


NEWS 


US revamps nuclear proliferation policy 
UK universities complain to government 
Salford University 
Carcinogen regulations 
Local DNA guidelines 
Aspartame sugar substitute 
Environmental lead 

UK defence research 

New Forest flutter 

French energy policy 
Mongolia’s jubilee 

Belgian scientific institutions 


CORRESPONDENCE 


Genes and race/2,4,5-T /Conservation/ 
Biogeography 2 


NEWS AND VIEWS 


Ocean currents and wind 
(C C Eriksen) 

Migrating nitrogen atoms in diamond 
(G Davies) 

Are the suprachiasmatic nuclei the 
location of the biological clock in 
mammals? (F W Turek) 

Towards the numerical magnetosphere 
(M Brown) 

The evolution of cooperation 
(R M May) 

New twists to DNA and DNA-carcinogen 
interactions (S Neidle) 

Diptheria toxin: which route into the cell? 
(S van Heyningen) 

The actin—myosin interface 
(H White) 


BOOK REVIEWS 


From Being to Becoming: Time and 
Complexity in the Physical Sciences (by 
I Prigogine) T W Marshall; Protein 
Phosphorylation in Regulation (P Cohen, 
ed.) E G Krebs; The Newtonian 
Revolution, with IHustrations of the 
Transformation of Scientific Ideas (by 
1 B Cohen) R S Westfall; Optical 
Mineralogy: The Nonopaque Minerals 
(by W R Phillips and 
D T Griffen) R A Howie; Insect 
Phylogeny (by W Hennig) R A Crowson; 
Introduction to the Magnetic Properties 
of Solids (by A S Chakravarty) B R Coles 
391 
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Cover 


Cell bodies of ganglion cells are arranged in a regular 
mosaic and various dendrites adapt to fill in the 
spaces. The population of ON (in blue) and OFF (in 
red) a-ganglion cells is shown from a 1.7 x 1.2 mm 
area (see p.344) 
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Magma chamber profiles from the Bay 
of Islands ophiolite complex 





J F Casey & J A Karson 


Structure of 
the actin-myosin interface 


Gene conversion between duplicated 
genetic elements in yeast 


Chromatin structure of endogenous 
retroviral genes and activation 
by an inhibitor of DNA methylation 


D Mornet, R Bertrand, 
P Pantel, E Audemard 
&R Kassab 


JA Jackson&G R Fink 


M Groudine, R Eisenman E 


& H Weintraub 
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Peculiar optical 
spectrum of the Red Rectangle 


Inverse comptonization and 
the nature of the 
March 1979 y-ray burst event 





Microanalysis by Raman spectroscopy 
of carbon in the Tieschitz chondrite 


Early Archaen gneisses from the 
Yilgarn Block, Western Australia 


R R Warren-Smith, 
S M Scarrott & P Murdin 
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Nd and Sr isotopic relationships 
in pelagic clays 
and ferromanganese deposits 
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15N abundance in Antarctica: 
origin of soil nitrogen 
and ecological implications — 


Chemical flux 
in an acid-stressed stream 





UC evidence for dietary habits 
of prehistoric man in Denmark 
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H Tauber 


Carbon isotope analysis of 
separate chemical 
phases in modern and fossil bone 


Mycorrhizal infection on and 
resistance to heavy 
metal toxicity in Calluna vulgaris 


Increased growth of 
ryegrass exposed to ammonia 


Sensing of AuH + in phototaxis 
of Halobacterium halobium 


Control of mucus hydration 
asa Donnan equilibrium process 
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VA Baryshev, AN Glagolev E 


& V P Skulachev 


P Y Tam & P Verdugo 


The fate of i inner cell mass and trophectoderm ~~ J A Modlinski 


nuclei transplanted to fertilized mouse eggs 


Dendritic territories 
of cat retinal ganglion cells 


Androgen increases formation of 
behaviourally effective 
oestrogen in dove brain 


Benzodiazepines reduce stress- 
augmented increase in rat 
urine monoamine oxidase inhibitor 
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3-[1251] lodocyanopindolol 16<-[125]] lodooestradiol 
IM.115 IM.116 
n OH 
OCH,CH(OH)CH,NHC(CH;), 
| 
| 
N CN 
H HO 













@ Exclusive 
@ > 2000Ci/mmol 

@ No affinity for x-receptors 

@ 3-4x affinity of 3-['*l] lodohydroxy- 
benzylpindolol for B-receptors 


@ Highest specific activity available 

@ > 1500Ci/mmol 

@ Used for determination of oestrogen 
receptor binding in breast tumours") 

@ Can be used for radioimmunoassay 


1) HOCHBERG, R 8 
Science, 206, pp 11 
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e How Britain 
runs its Science 


This highly successful 
wallchart, which first 
appeared in 1975, has now 
been completely revised 
and updated. 


The 2x3 ft guide offers a comprehensive 
survey of the administration of British 
science. It provides a full account of the 
funding of science in Britain, giving 
details of money spent by government, 
research councils, industry and 
universities. 

Designed as a fold-out sheet, it can be 
carried easily to meetings or hung as a 
wall poster for permanent reference. The 
new 1981 edition is available at £3.50 or 
$7.95 by sending your cheque to either 
Nature’s London or New York offices. 

In the UK and elsewhere: Nature, 

4 Little Essex Street, London WC2R 
3LF, England. 

In the US and Canada: Nature, Suite 
1503, 15 East 26th Street, New York, 
NY 10010, USA. 









Annual Subscription including Index (51 issues) 










UK & Eire £75 
USA & Canada Surface only US$173 
Belgium Airspeed only BF5695 
West German Airspeedonly DM360 
Netherland Airspeedonly G390 
Switzerland Airspeedonly  SF330 
Restof Europe  Airspeedonly £85 
Rest of World Surface £85 
Rest of World” Airmail £130 





*(not USA, Canada & Europe) 

Personal subscription rates are available in some 
countries to subscribers paying by personal cheque 
orcredit card. 


Details can be obtained from: 

UK: Nature Promotion Department, 

4 Little Essex Street, London WC2R 3LF 
Telephone: Jonathan Earl: 01-836 6633 

USA: Nature, 15 East 26 Street, New York, NY 10010 
Credit card orders only (in USA & Canada): 

Call toll-free: (800) 824-7888 (Operator 246) 

In California: (800) 857-7777 (Operator 246) 

Back issues: (Post-paid) UK, £2.00, USA & 
Canada, US$6.00 (surface), US$8.50 (air), Rest of 
World, £2.50 (surface), £3.50 (air). 

Nature Binders: 
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Only self-help for British universities 


The Committee of Vice-Chancellors and Principals is right to 
have lobbied the British government last week with its argument 
that a slower contraction of the university system would help not 
merely the universities but the government itself (see page 281). 
But nobody should be surprised if the government chooses not to 
respond. For ever since it was announced nearly a year ago that 
the allocation of public funds to the University Grants Committee 
would be reduced over three years by 8.5 per cent, it has been clear 
that the agenda of the dispute between the government and the 
universities is partly a hidden agenda. The government is 
behaving as if large parts of the university system are effete, and 
that the time has come to teach them a lesson. In public, however, 
the government merely says that higher education must share in 
the sacrifices expected, at times of economic decline, by other 
publicly supported institutions. It would be better for all 
concerned if the hidden agenda were now made public. The plight 
of the universities is worsened because the British government’s 
secret opinion of their usefulness is broadly based. The 
universities have long since lost the wholehearted friendship of 
the major political parties. Student rebellions in the 1960s, 
although modest by international standards, are well 
remembered. The rash of new undergraduate courses that came in 
at the same time helped to undermine the reputation of the 
university system as a whole. That many academics and 
institutions stood out against these excesses is forgotten, unjustly 
but understandably. And even though some of the surviving 
industries in Britain which owe their chances of future prosperity 
to graduates from the universities are quick to acknowledge their 
dependence, the public impression of the utility of the system is 
more accurately shaped by the numbers of graduates in sociology 
and related fields who leave their graduation ceremonies to join 
the dole queues. 

The issue of academic tenure, the substance of the vice- 
chancellors’ complaint last week, is more contentious than the 
universities appear to understand. When the number of people 
unemployed in Britain is certain to increase above three million, it 
is hard to see emerging a wave of public sympathy for academics 
who lose their jobs. Indeed, the system of academic tenure is 
widely resented, even though it may be an essential assurance of 
freedom in scholarship — and, technically, required by the 
statutes under which many universities are established. Why 
should academics have a guarantee of lifelong employment when 
other people are being thrown out of work in droves? Against this 
public view, it would require a Hercules among ministers to 
persuade his colleagues in the British government to provide 
anything like a fund of £250 million to help academics see in the 
sunset years. Mr Mark Carlisle, Secretary of State for Education, 
is unlikely to fight for the vice-chancellors’ case as they would 
wish. Such a fight would in any case expose him to the charge of 
maladministration — the muddle now emerging is, after all, one 
that he and his officials should have anticipated. Thus the most 
likely outcome of last week’s meeting is that, for the time being, 
the government will let the universities stew in their own juice. If, 
in due course, the cost of academic redundancy threatens to loom 
large but the general level of unemployment has not declined, the 
government could think of overriding the provisions of tenure in 
academic contracts by means of legislation. As things are, the 
universities are virtually powerless. They have no choice but to 
seek out ways in which they can help themselves. 

The first need is of self-help in the impending crisis. If the vice- 
chancellors’ estimate of the number of academics likely to be 
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thrown out of work is anything like correct, the chances are that 
many people with a potentially important contribution still to 
make to scholarship and teaching will find themselves on a labour 
market in which their skills are not appreciated. Is it beyond the 
wit of the universities collectively at least toset up machinery for 
making sure that such displaced academics are not needed 
elsewhere in the system? And since all three parties to such an 
arrangement — the displaced academic and the two institutions 
between which he might be shuttled — stand to benefit, wouldnot 
a fund to which all universities contribute help to smoothe the 
transfer of people between institutions? It is disappointing that 
the vice-chancellors seem so quickly to haveabandoned hope that 
such schemes can function. It is also disappointing that they have 
not yet formally explored with the unions more radical departures 
from present arrangements — the replacement of annual by ten- 
month contracts, for example, or the feasibility of a negotiated 
reduction of salaries, at least in the institutions most directly 
threatened. The sheer rigidity of the present arrangements, under 
which academic (and other) university salaries are nationally 
uniform and tightly linked with age is in itself one of the causes of 
present troubles. In present circumstances, there is every chance 
that a majority of university teachers would prefer flexibility and 
even hardship to the collapse of the institutions to which they 
belong. That chance should be explored, and quickly. 

Another immediate need is that universities should work out 
ways of sharing resources with each other. The University Grants 
Committee has pointed to some of the more obvious possibilities 
— the pooling of equipment or the merging of departments 
between universities that happen to be close to one another. Other 
benefits could flow from joint appointments, the designation of 
some departments in some universities as places whose research 
equipment is regarded as a freely accessible pool. More 
important, in the contracting system there should be ways of 
pooling students, graduate students in particular. Some of the 
universities that survive the years ahead will be more lopsided 
than they should be. Some areas of study. will have disappeared. 
Some departments, even whole universities, may find it necessary 
to give up in-house research. So the British university system, 
traditionally too indifferent to the need that students should have 
some freedom to explore different fields.of study, needs to find 
ways of helping students as well as teachers move. And because it 
would be intolerable that students’ chances of becoming graduate 
students should be determined by the chance that the university to 
which they happen to belong can keep its graduate programmes in 
being, there is an urgent need of national arrangements for 
placing bright people. This is a problem for the research councils. 

It is not, however, too soon to ask what plans should be laid 
against the period after 1984-85, when last month’s cuts have 
taken their full effect. For the causes of the present crisis will still 
then persist. Lacking coherence as a system and the capacity 
internally to be decisive even on academic policy, the university 
system of the late 1980s will be just as vulnerable as it has proved 
to be in the past few weeks. The most urgent need is that the 
system of public and private support for university education 
should be arranged in such a way that individual universities have 
a more explicit incentive to provide a valued service for their 
students and the communities in which they are embedded. 
Universities that are popular with students for good academic 
reasons should be helped financially — and not penalized (as the 
University Grants Committee is now threatening) if they attract 
more than their quota of home students. Good research, even as 
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crudely measured by the volume of successful research grant 
applications, should qualify for a bonus. 

Breaking with tradition, the University Grants Committee 
should also make explicit the basis on which its allocations of 
funds are made, so that universities know how most successfully 
to compete for what funds there are. And something should be 
done to clarify, simplify and ideally cheapen the present cost to 
public funds of supporting students in universities. One of the 
causes of the government’s discontent, and the immediate cause 
of the restriction on student numbers now announced, is the cost 
of paying student fees and maintenance grants, using local 
authorities as paying agents. These arrangements, dating back to 
the days when students were considered to be the salt of the earth, 
are certainly not the most economical ways of helping to 
encourage the spread of university education. The anomalies 
which they include are often inequitable as between one student 
and another. One of their consequences is that British universities 
are chronically short of student accommodation. The 
arrangements should be re-examined, whatever noise the 
National Union of Students makes. 

But why should the universities take the initiative in helping the 
government to save money, when the government has been so 
beastly? That is a hollow argument. The objective is not economy 
but independence. For all its faults, the British university system is 
a remarkable and valuable institution. The most immediate 
danger is that it will be so demoralized by the three painful years 
ahead that its capacity for self-renewal will be permanently 
impaired, as will be its capacity to persuade those who must 
support it that even its present role, even in present circumstances, 
is indispensable. The most cruel irony is that the British university 
system has been so mindlessly attacked when it is more than ever 
apparent that Britain lacks many of the skills that the universities 
could cultivate. 


Clinch River runs again 


During President Carter’s tenure at the White House, the fast 
reactor site at Clinch River in Tennessee seemed destined to 
become a special kind of white elephant — a collection of unused 
equipment surrounding a half-begun concrete structure that 
would for all time be a monument to the fancied folly of the 1960s 
that it would be possible economically to win power from a 
nuclear reactor making more fuel than it consumed. Now, the 
prospects are changing. Against expectations and the recent 
voting record of the key committees in the House of 
Representatives, Congress appears to be ready to see work at the 
reactor site begin again (see Nature, 16 July). President Reagan, 
having spoken fondly of Clinch River during his election, 
dutifully included in his budget in March a request to Congress for 
funds to start building again at Clinch River. But the issue has 
never seemed important enough to the Administration to justify 
the risks of a serious fight. In the end, local interests in Congress 
have given the Administration what it was asking for without 
biood being spilled. The embarrassment, for President Reagan, is 
that he must now ask the Department of Energy to brush up its 
policies in other parts of the domestic nuclear energy programme. 

Although the completion of Clinch River has for some time 
seemed to be an acid test of the willingness of the United States to 
commit itself to fast reactor technology, appearances are false. 
The Clinch River design is more than a decade old; much has since 
been learned, especially in France, about the design and operation 
of fast reactors. The escalation of the cost of the project, by a 
factor of three or thereabouts, is a measure not so much of the 
optimism of its original designers as of the need for changes of 
design after construction had begun. The enforced four-year 
delay will not have helped. Clinch River may yet be a white 
elephant of a different kind, a representation of an earlier 
technology. Even so, it will provide some practical experience of 
the operation of nuclear reactors cooled by liquid metal (sodium). 
And it will be another spur to the continuing wrangle in the United 
States about the rights and wrongs of nuclear power. 
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Technically, Clinch River isa demonstration plant, intended to 
demonstrate to utilities and their customers that electricity can be 
produced safely from fast reactors and that, in due course, fast 
reactors could be built economically. The demonstration would 
have been more helpful if the design had been less out of date. But 
in the assessment the utilities will eventually have to make, one 
crucial piece of information will be missing. The economic case 
for breeder reactors of any kind (which need not be fast reactors) 
is that they can use plutonium as fuel. When President Carter 
took fright at the prospect of the “plutonium economy’’, the 
extraction of plutonium from spent fuel rods taken from existing 
reactors was suspended. The Administration’s new and sensible 
policy on the proliferation of nuclear weapons (see page 281) will 
help to liberate the Department of Energy from the traditions of 
the recent past, but there is a lot to be done before the economics 
of the plutonium fuel cycle can be tested. Completing Clinch 
River will, however, be a nonsense if that is not quickly done. 

The wider implications of Clinch River in the nuclear debate are 
not at this stage easy to foresee. The most serious argument in 
recent years against breeder reactors has been economic; the price 
of uranium has risen so much less quickly than that of fossil fuels, 
and the cost of electricity is so much less dependent on the cost of 
fuel in nuclear reactors than in fossil power plants, that the 
potential advantages of breeder reactors (fuel at no cost at all) are 
not worth striving for. So why not put the huge cost of 
development into more imaginative exploits? The argument is 
respectable, and deserves attention. Its flaw is its assumption that 
the relative prices of uranium and fossil fuel will remain what they 
are at present for two or three decades ahead. The snag, of course, 
is that the present price of uranium (about $50 for a pound of 
uranium oxide) reflects the decline in the rate at which utilities 
have been ordering conventional nuclear plants in the past few 
years. If, as memories of Three Mile Island fade, and the lessons 
of that accident are properly learned, the utilities turn again to 
nuclear power as a source of electricity, the price of uranium 
would shoot up. Is it not, in such circumstances, prudent that 
there should be data about the operation of some breeder reactor 
that would allow sensible decisions to be made? 

Less cogent arguments have been made by those who say that 
fast reactors are inherently less safe even than conventional 
nuclear plants. Anxiety of this kind stems from the observation 
that breeder reactors contain substantial amounts of fissile 
material, and that the neutrons involved in the nuclear chain 
reaction are fast and therefore, on the face of things, likely to 
complicate the control of fluctuations of reactor output. Neither 
argument is as persuasive as it seems, however. Weapons 
designers are always saying that their most serious problem is that 
of arranging that fissile material can be coaxed into some 
configuration that will explode, so that the risk that such a 
configuration will turn up by accident in a breeder core is likely to 
be small; certainly the risky configurations can with ingenuity be 
identified in advance; and steps can be taken to avoid them or to 
prevent the damage they would do. And anxiety about neutron 
speed should be offset by the relatively low thermal inertia of fuel 
elements in fast reactors and the high thermal capacity of the 
molten sodium. None of this suggests that there are no risks in 
completing Clinch River but merely that theoretical safety studies 
have probably now gone as far as they can. 

The third foundation of the case against Clinch River, of which 
much will be heard in the weeks ahead, is that all nuclear reactors 
are an abomination and that fast breeders are a particular 
abomination because one of their products is plutonium, some- 
times described as the ‘‘most poisonous substance on earth’”’ and 
sometimes feared because it might be used for making weapons 
clandestinely. The arguments presuppose that neither the safety 
of nuclear plants nor the security of the material they produce can 
be held within reasonable limits. Yet even the colourful 
experience of Three Mile Island, essentially a demonstration that 
it is possible so seriously to damage a nuclear plant that it is 
virtually useless without scattering dangerous doses of radio- 
activity in the neighbourhood, cannot be used unambiguously to 
support the case against Clinch River and what might follow. 
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US revamps nuclear 


Reagan’s new 
plan: reactors 
for friends 


Washington 

President Reagan announced last week 
that he intends to shift the balance of US 
strategy back to a political rather than a 
technical approach for restricting the 
proliferation of nuclear weapons. 

In contrast to President Carter, who 
sought non-proliferation objectives by 
threatening to withhold access to US 
nuclear materials and technology, Mr 
Reagan intends to emphasize “working to 
improve regional and global stability” and to 
use the influence which would be generated 
by the United States’ role as a “‘predictable 
and reliable partner’’ in nuclear 
development. 

He proposes to distinguish between 
different countries in the way in which non- 
proliferation policies are applied, a move 
which will please European and Japanese 
allies but could create problems elsewhere. 
Mr Reagan also said that his 
Administration ‘would not inhibit or 
set back civil reprocessing and breeder 
reactor development abroad’’; but he 
added that this condition applied to 
“nations with advanced nuclear power 
programs where it does not constitute a 
proliferation risk”. 

This was a more moderate statement 
than some which the President made 
during his election campaign. The shift 
seems to have been due not only toa greater 
awareness of the complexity of non- 
proliferation, but also to the implications 
of the Israeli raid on the Iraqi research 
reactor, which Mr Reagan referred to 
obliquely in his statement when he talked 
of the urgency being ‘highlighted by the 
ominous events in the Middle East’’. 

But the statement still gives critics of the 
Administration plenty to chew on. For 
example, the President announced that he 
intended strongly to support the efforts of 
the International Atomic Energy Agency 
(IAEA) in Vienna to provide an improved 
international safeguards regime. In par- 
ticular, he said that the Administration 
would seek agreement on requiring IAEA 
safeguards on all nuclear activities in a non- 
nuclear-weapon state as a condition for 
any significant new nuclear supply 
commitment. 

Doubts about the efficacy of IAEA safe- 
guards procedures, however, linger on — 
particularly in the light of evidence pro- 
vided to the Senate Foreign Relations 
Committee last month by ex-IAEA 
inspector Mr Roger Richter. 

The Department of Defense, at least, 
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shares these doubts. In an inter-agency 
report submitted to the National Security 
Council, some of which was leaked to the 
Wall Street Journal last week, the 
Pentagon expressed doubts about the 
«weakness of the IAEA as an international 
institution’, complaining of the agency’s 
“Jack of an intelligence capability and the 
limits of its scope and jurisdiction”, and 
warned against ‘‘undue reliance on the 
IAEA by those responsible for national 
security’. Administration officials insist, 
however, that international efforts to 
bolster the IAEA, including efforts to 
develop effective regimes for international 
plutonium storage and improved 
cooperation for spent fuel management, 
must remain central to any global non-pro- 
liferation strategy. 

One significant deviation from Mr 
Carter’s approach was Mr Reagan’s 
announcement that his Administration 
intended to use the supply of conventional 
arms to allies as a way of reducing the moti- 
vation to acquire nuclear weapons. This 
argument has already been used to justify 
the offer of a five-year military aid package 
to Pakistan. 
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proliferation policy 


Mr Reagan also announced that the 
White House would seek to persuade the 
Senate to ratify Protocol | of the Treaty for 
the Prohibition of Nuclear Weapons in 
Latin America, the so-called Treaty of 
Tlateloico. This protocol, already ratified 
by the United Kingdom and the 
Netherlands, calls on nations outside 
the treaty zone to apply the 
“denuclearization” provision of the treaty 
to their territories in the zone. 

The goal of the Administration’s new 
policy, Mr Reagan said, was “to re- 
establish a leadership role for the United 
States in international nuclear affairs’. He 
gave few clues, however, as to how the 
United States would punish countries 
which transgressed its guidelines, stating 
merely that his Administration would view 
a material violation of the Non- 
Proliferation Treaty and the Treaty of 
Tlatelolco as having ‘‘profound 
consequences for international order and 
United States bilateral relations’’. 
Similarly he said that the United States 
would “view any nuclear explosion by a 
non-nuclear-weapon state with grave 
concern”. David Dickson 


UK universities complain to government 


A last-minute attempt to persuade the 
British government to change its mind 
about the scale on which university budgets 
are to be reduced was undertaken last week 
by the Committee of Vice-Chancellors and 
Principals. A delegation led by Dr Albert 
Sloman, chairman of the committee and 
vice-chancellor of the University of Essex, 
urged on the Secretary of State for 
Education, Mr Mark Carlisle, that it would 
cost less to arrange for a slower contraction 
of the system than to foot the bill for 
buying out the tenure contracts of 
academics now likely to lose their jobs. Dr 
Sloman said that he and his colleagues had 
been encouraged to hear Mr Carlisle say that 
he “now understood the problem”. 

The vice-chancellors’ case is simple. 
University budgets will fall in the next three 
years by about 15 per cent because of 
reduced public subventions, the further 
loss of students from overseas and because 
the numbers of domestic students are to be 
reduced. The result is that university staffs 
will also have to be reduced — the 
committee’s estimate is that 3,000 
academics and 4,000 others will have to 
leave British universities. The direct saving 
to the government in the next three years 
will be £400 million, but the cost of buying 
out tenured contracts could well be £250 
million. So the government would save 
money if the pace of contraction were 2.5 
per cent a year, not twice as much. 

The estimate of the cost of breaking 
contracts stems from legal advice the 
committee has been taking in the past few 
weeks. Where an academic’s contract with 


a university assures employment until 
retiring age (65), premature firing would 
expose the university concerned to a civil 
suit. Compensation for breach of contract 
might range from £40,000 to more than 
£100,000, according to age, salary and the 
courts’ estimate that the academic 
concerned would find another job. One 
complication to come to light is that only 80 
per cent of British university teachers are 
covered by such cast-iron contracts. 

Dr Sloman and Ais colleagues wrung 
their hands last week over the prospect of 
endless unseemly legal battles with former 
academic colleagues. Court cases could 
take three years to settle, Although techni- 
cally individual universities would be liable 
for damages, the vice-chanceilors are 
counting on the government to implement 
a promise by one of its ministers that no 
institution would be driven into 
bankruptcy. 

The prospect of mutual assistance within 
the university system seems, however, to be 
fading. The pooling of financial reserves 
(now estimated at less than £75 million) is 
unlikely to be appealing to the best- 
endowed universities, usually dealt with 
leniently in last month’s cuts. Schemes for 
finding jobs for displaced academics at 
other institutions are likely to founder, 
according to Dr Sloman, on people’s likely 
calculation that a court settlement would 
be more advantageous than a job 
elsewhere. Reducing salaries, or switching 
to 10-month contracts, would require 
negotiations with the trade unions for 
which there is no time. 
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The actual scale on which redundancies 
will occur remains to be determined. The 
committee’s estimate of 3,000 academic re- 
dundancies is identical with that given by 
Dr Edward Parkes, chairman of the 
University Grants Committee, to a parlia- 
mentary committee earlier this year. 
Ministers at the Department of Education 
and Science are plainly sceptical about such 
large estimates. But Lord Flowers, vice- 
chairman of the committee and rector of 
Imperial College, said last week that not a 
single university institution in Britain 
would be able to avoid some redundancies 
before the next academic year is out. 

The committee’s calculations also 
suggest that the consequences of the 
decreed reduction of student numbers will 
be more serious than had been foreseen. 
Total numbers of home students are to be 
reduced from a peak of 272,000 (expected 
‘in the coming academic year) to 249,000 in 
1984-85. This, the argument goes, will 
require that student intakes should be 
reduced from 78,000 (in the coming year) 
to 70,000 in 1982-83 and thereafter. 


Salford University 
Industry advertises 


British industry has come to the aid of 
the University of Salford, the institution 
singled out by the University Grants 
Committee (UGC) earlier this month for 
the largest cut in grant and student 
numbers. Earlier this week, three leading 
manufacturing companies joined with the 
university in announcing the creation of 
the Campaign to Promote the University of 
Salford — CAMPUS. To launch the 
campaign, nearly 200 companies 
contributed to the cost of an advertisement 
in three national newspapers yesterday 
extolling Salford’s virtues and calling for 
further support. 

The scale and spontaneity of the support 
from industry suggests that UGC in 
deciding where the cuts should fall, may 
indeed have paid too much attention to 
grants awarded to universities by research 
councils and not enough to research 
funded by industry. The universities that 
are to suffer the largest cuts in their 
incomes, Bradford, Aston and Salford, are 
chiefly technological institutions, noted 
for their attempts to forge links with local 
industries. The UGC has told Salford that 
by 1983-84 its grant will be 44 per cent less 
than in 1980-81 and that it will have to cut 
student numbers by about 30 per cent. 
Although the university’s arts faculties will 
suffer most, science and technology too 
will be cut drastically. 

GEC-Marconi Electronics, Ferranti and 
Ward & Goldstone Ltd of Salford are the 
three companies that have taken the 
initiative in setting up CAMPUS. They say 
that the University of Salford has provided 
them with a steady stream of appropriately 
qualified graduates — GEC has employed 
250 in the past seven years — has fostered 


successful technology-transfer between 
university and industry and provides useful 
refresher courses for experienced 
technologists and managers. The local 
authority has also given support, especially 
to a new science park which is being 
established near the university campus in 
an attempt to revitalize manufacturing 
industry in the north-west of England. 

The campaign has two aims: in the short 
term to convince UGC of the error of its 
decision and to persuade it to reinstate 
some of the grant it is taking from the 
university; and in the long term to foster 
closer cooperation with industry, in the 
running of the university. The campaign, 
however, is not a fund-raising exercise, 
according to Professor John Ashworth, 
vice-chancellor designate of the university. 
Professor Ashworth, who is in the 
embarrassing position of being chief 
scientist at the Central Policy Review Staff, 
the government’s think tank, until he takes 
up the vice-chancellorship in September, 
hopes that, if the campaign’s short-term 
aim fails, he will be able to call on the 
industrial supporters of CAMPUS for 
advice in restructuring the university. 

Precisely what action CAMPUS takes in 
persuading the government and UGC of 
Salford’s merits remains to be seen and will to 
some extent depend on the response to this 
week’s newspaper advertisements. The other 
aggrieved technological universities are also 
being invited to join in the battle. 

Judy Redfearn 


Carcinogen regulations 
Cleansing solution 


Washington 

Tension between the scientific staff of 
the US Department of Labor’s Occu- 
pational Safety and Health Administration 
(OSHA) and their new political bosses 
came to a head last week, stimulated by 
complaints from the European-based 
International Agency for Research on 
Cancer (IARC) about the interpretation 
of data on the carcinogenicity of 
formaldehyde. 

The dispute arose from a letter written by 
Dr Peter Infante, head of OSHA’s Office 
of Carcinogen Identification and Classi- 
fication, to Dr John Higginson, director of 
IARC, which queried the findings of an 
IARC working group that there were only 
“limited” data providing evidence of the 
carcinogenicity of formaldehyde on labor- 
atory animals. Also included was a circular 
published last year by the National 
Institute of Occupational Safety and 
Health (NIOSH) describing formaldehyde 
as a carcinogen on the basis of various 
uncompleted studies with rats. 

Dr Higginson complained that Dr 
Infante’s letter appeared to “‘cast asper- 
sions on the scientific integrity and objec- 
tivity of the members of the IARC 
working group. And shortly afterwards Dr 
Infante was told by OSHA that he was 
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being fired for ‘‘insubordination’”’ in 
sending his letter on official notepaper 
giving what the agency now describes as a 
purely personal opinion, as it is no longer 
prepared to endorse the conclusion that 
formaldehyde is, in fact, a carcinogen, and 
has withdrawn its co-sponsorship from the 
NIOSH bulletin. 

Dr Infante’s case is being seen as a 
symbol of the new Administration’s deter- 
mination to limit the powers of an agency 
previously accused of imposing a massive 
burden of regulation on the private sector. 
Already the director of NIOSH, Dr 
Anthony Robbins, has been dismissed by 
Mr Richard Schweiker, Secretary of 
Health and Human Services, as a ‘‘political 
activitist’’, and the Administration has 
also announced its intention to move 
NIOSH administrators out of Washing- 
ton, a step which many agency officials feel 
is designed to weaken their effectiveness. 
Last Thursday the head of OSHA, Mr 
Thorne Auchter, was confronted at an 
angry hearing by Congressman Albert 
Gore, chairman of the House Science and 
Technology Committee’s subcommittee 
on oversight and investigation, who 
described Dr Infante’s firing as 
unacceptable political pressure on the work 
of scientists. 

On the previous day, several high- 
ranking government scientists, including 
Dr Vincent DeVita, director of the 
National Cancer Institute, had agreed that 
data produced last year by the Chemical 
Industry Institute for Toxicology provided 
a “‘sound scientific basis’ for suspecting 
that formaldehyde was carcinogenic in 
humans. 

At the Thursday meeting Mr Gore 
produced a memorandum, written to Mr 
Auchter by his special assistant for regu- 
latory affairs, describing the latter’s 
meeting with representatives of the formal- 
dehyde manufacturers. At the meeting 
doubts were raised about the data on which 
the previous administration had based 
their description of formaldehyde as a 
carcinogen, doubts which Mr Gore 
suggested formed the basis of the decision 
by Mr Auchter to withdraw sponsorship of 
the circular issued jointly with NIOSH last 
December. 

Dr Infante’s immediate boss, Dr Bailus 
Walker, in his letter of dismissal said that 
OSHA ‘“‘lacks confidence in the data’’ on 
which the circular, which has no regulatory 
impact but is meant primarily for infor- 
mation, was based. Dr Walker told Mr 
Gore that he had dismissed Dr Infante ‘‘on 
the advice” of his boss Mr Auchter, 

Mr Auchter agreed that his decision that 
the carcinogenicity data were inadequate to 
support the conclusions of the circular, was 
made without consulting any of the 
agency’s scientists. However, he insisted to 
Mr Gore that his lack of confidence was 
based solely on the use of the data for regu- 
latory purposes, as conflicting data also 
existed. 

Dr Infante’s dismissal is now the subject 
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of litigation between himself and the 
agency, a fact which Mr Auchter initially 
used as a reason for not providing detailed 
comments on the case to the investigations 
committee. However, under pressure from 
the Congressmen, who presented legal 
advice that the hearings would not 
prejudice any later trial, Mr Auchter 
shifted his stance — and went on to deny 
that he had ordered Dr Infante’s dismissal, 
directly contradicting the sworn testimony 
given by Dr Walker. 

Dr Walker, who told the subcommittee 
members that ‘“‘the data suggested that 
formaldehyde was a potential carcinogen 
and should be treated as such’’, has now 
resigned from OSHA to take up the 
position of director of public health for the 
State of Michigan. 

The subcommittee has yet to announce 
the conclusions of its investigations. 
Indeed one minority member, Republican 
Congressman Robert Walker, sharply 
defended OSHA’s actions on the grounds 
that Dr Infante had broken federal rules in 
representing his own scientific opinion as 
that of the agency. Mr Gore, however, was 
in no doubt “that the formaldehyde 
industry had ‘‘engineered a decision in the 
agency to change OSHA’s view on the 
scientific data” and that this was behind 
the decision to fire Dr Infante. 

David Dickson 


Local DNA guidelines 
Boston strikes out 


Boston 

In what could become a prototype for 
American cities seeking control of 
recombinant DNA research, the Boston 
City Council has passed a law regulating 
research at universities and commercial 
companies. The city ordinance follows 
community activism by residents of the 
Mission Hill district of Boston, who are 
concerned about the $50 million grant by 
the Hoechst chemical company to the 
Massachusetts General Hospital and by the 
leasing of empty hospital space in their 
neighbourhood to Genetics Institute Inc., 
the newly formed genetic engineering 
company. 

The city council hearings of the past 
month have actually been a repeat of events 
in nearby Cambridge eight years ago, when 
recombinant DNA research was entirely 
new. But on this occasion, there was less 
open conflict between citizens and univer- 
sity officials than in Cambridge. 

The new law requires compliance with 
National Institutes of Health (NIH) 
standards but there are also further local 
restrictions which have been added since 
work began on the original proposal in late 
May. As well as assuring strict conformity 
with NIH guidelines, the ordinance 
demands: 

e ‘‘Timely response to guideline 
amendment and permit applications in 
accordance with good governmental 
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practice”. 

@ Research proposal not subject to NIH 
guidelines should receive council- 
administered permits. 

e@ Broadening and restructuring of the 
Boston Biohazards Committee — an area 
regulatory organization — which will now 
serve as an advisory board to the 
commissioner of the Boston Department 
of Health and provide an annual report to 
the city council. 

@ Opening of normally confidential 
employee health records for ‘‘regulatory or 
public health study purposes’’. 

@ Institutions performing recombinant 
DNA research should monitor the health 
of their employees and the institutional 
responsibilities in this area should be 
“reasonable and related to potential 
risks”. 

è Costs of monitoring to be reimbursed 
to the city by the regulated institutions. 

The final version of the ordinance left 
out the harshest requirement of the original 
proposal — that institutions shouid 
perform regular effluent monitoring and 
the testing for live organisms in the city 
sewer system. This was dropped because it 
is not technologically feasible. 

In the past, local universities have agreed 
that guidelines of some sort would be 
helpful but have opposed the introduction 
of laws requiring compliance with official 
regulations, arguing that universities 
should set their own standards. But 
campus officials are generally pleased with 
the outcome of this debate and confident 
that they will easily meet the provisions. 

The new ordinance will run for five years 
and is renewable. Several other cities in the 
Boston area and elsewhere in the United 
States have begun to review their own pro- 
posals for regulation as commercial 
companies are proliferating. 

Michael D. Stein 


Aspartame sugar substitute 


New court overruled 


Washington 

It had been described as the first official 
attempt to resolve a complicated dispute 
over the safety of a new food additive by 
using a so-called ‘‘science court’’, with 
evidence on both sides being presented to a 
panel of three outside scientists. But last 
Wednesday the US Food and Drug 
Administration (FDA) overruled the 
verdict of its Scientific Public Board of 
Inquiry, reached after hearings held in 
January and February last year, and 
approved the marketing of a new low- 
calorie sweetener, aspartame. 

Permission to market the sweetener had 
first been requested from FDA by its manu- 
facturers, G.D. Searle, seven years ago. 
Initially FDA had agreed; but in the light of 
reports from a scientist at Washington 
University, St Louis, that the sweetener 
could produce brain lesions when fed to 
laboratory animals — and the general 


concern that accompanied the decision 10 
ban cyclamates in 1970 — permission was 
withdrawn the following year pending 
further studies. 

Doubts about the validity of animal 
studies conducted for Searle to generate the 
data needed for new drug approval were 
discounted after two years of independent 
auditing of the studies. FDA then turned 
to the brain lesion claims, which were 
examined by a three-person team headed 
by Dr Walle J.H. Nauta, professor of 
neuroanatomy at the Massachusetts 
Institute of Technology. In their report, 
issued last October, the scientists said the 
data shown to them did not support the 
suggestions that aspartame might kill 
clusters of brain cells or cause other types 
of brain damage. 

However, the ‘“‘science court’ also 
raised doubts about whether the reports of 
brain lesions could be completely dis- 
counted on the grounds that the tests had 
been carried out at doses far higher than 
those humans would normally experience. 
It recommended that marketing approval 
be withheld until further long-term animal 
tests had been carried out to rule out any 
possibility that aspartame could result in 
brain damage. 

This conclusion was bitterly contested by 
Searle, already sitting on a stockpile of 
300,000 Ib of the sweetener, with a market 
value of over $25 million. The company 
claimed that the three scientists’ 
conclusions made “‘sigmificant errors” in 
dealing with issues of tumorigenicity; and 
that they had ‘‘failed to employ biological 
and statistical principles that would have 
provided guidance im assessing the 
potential carcinogencity of a compound’’. 

Searle pointed out that the sweetener is 
already being marketed in France, Belgium 
and Luxembourg, and that it has also been 
approved for use by the Joint Expert 
Committee on Food Additives of the Food 
and Agriculture Organization, and the 
World Health Organization. 

The new FDA commissioner, Dr Arthur 
Hayes, now seems to have accepted 
Searle’s arguments. Following the con- 
clusion of the agency’s Bureau of Foods 
that the ‘‘science court’s’’ concerns were 
unfounded and that the sweetener would 
be safe even at the “highest conceivable 
levels” of consumption, he has agreed that 
it should be approved for use as a sugar- 
substitute and food additive, although not 
yet for soft drinks. David Dickson 


Environmental lead 


Playing safe 


Britain’s health amd environment 
departments seem to have won a victory 
behind the scenes in the government’s 
decision last month to reduce the lead 
content of petrol from 0.4 to 0.15 g per 
litre. Other government departments con- 
cerned about the financial effects on the 
car and oil refining industries finally gave 
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way last May to the arguments that lead 
from car exhausts could damage the health 
of children in the inner cities. The environ- 
ment and transport departments, however, 
supported the decision chiefly as a way of 
countering some of the increasingly fierce 
objections to building new roads. 

The decision on lead in petrol came as a 
surprise just one year after a report com- 
missioned by the health department 
concluded that there is no proof of a link 
between low blood-lead levels in children 
and impaired mental development. That 
report, prepared by a working party under 
the chairmanship of Professor P.J. 
Lawther of St Bartholomew’s Hospital, 
was stimulated by research in Germany and 
the United States which implicated blood- 
lead levels as low as 35 yg per dl, now 
accepted as the maximum permissible by 
the European Commission. Although the 
working party concluded that these and 
other studies were equivocal, it 
recommended that steps be taken to reduce 
lead in food and water, seen as major 
sources, and air, a less significant source. 

The Department of Health, however, 
seems to have persuaded the Department 
of Energy and the Treasury to act on petrol 
on the basis of evidence not covered in the 
Lawther report. A study by Dr R.G. 
Lansdown of the Great Ormond Street 
Hospital and Dr William Yule of the 
University of London Institute of 
Psychiatry of children in the Greenwich 
area of London is thought to have shown a 
correlation between low blood-lead levels 
commonly found in the British population 
and a slight impairment in IQ. That study, 
although made known to government 
officials, has not yet been published 
because of difficulties in interpreting data. 
Dr Yule now expects it to appear in the 
October issue of Developmental Medicine. 

Other evidence which seems to have 
weighed in the decision includes the 
findings by the Greater London Council of 
exceptionally large quantities of lead in 
dust in some inner city playgrounds, 
research at ISPRA in Italy which suggests 
that 25-40 per cent of the total body lead 
burden may be contributed by lead in 
petrol and a critique of the Lawther report 
prepared by Professor D. Bryce-Smith and 
Dr Robert Stephens for the Conservation 
Society. The Conservation Society’s 
document complained that the Lawther 
report did not pay sufficient attention to 
animal studies and that it underestimated 
the contribution of airbone lead by failing 
to allow for the fact that much of the lead in 
food and dust settles from the air. 

The Department of Health seems to have 
persuaded the government to play safe by 
ordering the reduction. The search is still 
on, however, for better evidence of the 
possible effects of low lead levels on health. 
Dr Lansdown and Dr Yule are at present 
engaged on another study of inner city 
children and are discussing the possibility 
of a third, more extensive study with the 
Medical Research Council. Judy Redfearn 


UK defence research 


Slimming down 


The Royal Aircraft Establishment at 
Farnborough, which with its several out- 
Stations is the largest of the in-house 
research stations run by the British 
Ministry of Defence, seems also to be the 
first in line for substantial reorganization. 
In the past year, the total staff of the estab- 
lishment has fallen from 4,500 to 3,800, 
largely as a result of natural wastage 
(principally retirement) made possible by 
the top-heavy age distribution at the labor- 
atory, itself a consequence of rapid 
recruitment during and immediately after 
the Second World War. But the remaining 
staff at the laboratory are now anxious that 
attrition has a lot further to go. 

The establishment is the most cons- 
picuous of the defence research establish- 
ments considered by the internal govern- 
ment review under Lord Strathcona, whose 
report has not been formally published but 
has instead been placed in the library of the 
House of Commons, where its presence is 
almost certain to have the most damaging 
consequences. In respect of Farnborough, 
the report recommended that further con- 
sideration should be given to the need for 
maintaining three airfields (at Farn- 
borough, Bedford and Boscombe Down), 
a balloon station (at Cardington), three 
missile ranges and a variety of wind tunnels 
that (in Lord Strathcona’s view) could well 
be hived off to private contractors. 

At a meeting at Farnborough on 4 
March, the director of the establishment, 
Mr T.H. Kerr, told the staff that the future 
of these offshoots was being considered by 
a series of working parties, and that 
decisions would be made later in the year. 
The most obvious possibility of change is 
that missile ranges may in future be 
managed by private contractors (as is toa 
large extent already the case at the Welsh 
firing range at Aberporth). But there are 
also to be rearrangements of the internal 
divisions at Farnborough (leading to the 
loss of relatively senior staff) and the future 
scale of operations at the establishment has 
not yet been determined, which is why 
some members of staff fear that their 
director’s promise (on 4 March) that 
reductions could be accomplished by 
retirement, early retirement and other 
wastage (as well as the transfer of some 
staff to private contractors) may not be 
feasible. 

The chief source of anxiety in the past 
few weeks, however, is strictly speaking 
hardly relevant — the steps being taken by 
private interests in case the Farnborough 
airfield is eventually put up for sale. It 
seems to have been decided that, if any of 
the three airfields is to be sold, the sale of 
Farnborough would cause the least damage 
even though the establishment would wish 
to retain the right to mount the biennial air 
show of the Society of British Aerospace 
Companies on the site. The bid to purchase 
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New Forest flutter 


In the name of science, lepidopterists 
have for many years, chloroformed but- 
terflies to death and displayed them in 
glass cabinets. Now many of those butter- 
flies are increasingly imperilled by loss of 
habitat, killing by insecticides and other 
hazards of the twentieth century. A 
cautious welcome then, for Britain’s very 
first public “butterfly farm”, which 
opened yesterday (22 July) in the New 
Forest. It’s not being run for the good of 
science though, simply as a tourist 
attraction to bring in money to an estate 
at Ashurst, near Southampton. 

There should be more than 1,000 
butterlies at Ashurst if the breeding 
programme is successful, flying freely ina 
glasshouse covering 6,750 square feet.| 

























Now in Hampshire — the American monarch 
Over 50 different species will be on view, 
mostly colourful imports from the 
tropics, including the North American 
monarch, Heliconius from South 
America, swallowtails from South-East | 
Asia, and the Camberwell beauty. 

Like all would-be ‘‘tourist traps” the 
farm boasts a gift shop. Books on butter- 
flies will be on sale, of course, but so too 
will live caterpillars and pupae, presum- 
ably to encourage butterfly farming as a 
hobby. Traditionalists are also catered 
for, they can buy mounted butterflies. 

None of this is likely to do any direct 
good to the average butterfly in the street, 
or field. But the “farm” owners reckon 
that by increasing the public’s awareness 
of what they call ‘‘these delicate 
creatures’, life will gradually improve 
for what’s left of Britain’s butterfly 
population. Charles Wenz 














the airfield is based on the hint in the 
Strathcona Report that the airfield would 
be suitable as a base for business flying, but 
will not be considered until all the working 
parties considering the future of the 
defence research establishments have had 
their way. 

Last week, at another staff meeting, Mr 
Kerr had little extra to say. Discussions 
have begun with potential operators of the 
parts of the establishment to be hived off, 
but firm proposals are not expected until 
early next year. Bidders for these contracts 
(among which British Aerospace is con- 
spicuous) are being asked to take over 
existing members of the staff — and unions 
such as the Institution of Professional Civil 
Servants are looking for an assurance that 
their members’ terms of employment will 
not be adversely affected. 
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French energy policy 


The great escape 


There were two striking omissions from 
the roster of nationalization proposals 
announced by the Prime Minister of 
France, M. Pierre Mauroy, recently — 
Framatome and Novatome, the companies 
which between them account for almost the 
whole business of constructing con- 
ventional and fast breeder reactors in 
France. The exceptions are remarkable 
because the Socialist Party had announced 
before the election that all industries con- 
cerned with the nuclear fuel cycle would be 
nationalized. 

M. Mauroy was, however, quite clear in 
what he said: eleven groups would be 
nationalized, not one more nor one less. 
The omission of the nuclear industry is 
another indication that the new govern- 
ment does not intend seriously to disturb 
France’s growing lead in nuclear tech- 
nology. Mauroy explained that the 
companies to be nationalized are included 
in his list not for doctrinal reasons but to 
improve their competitive performance — 
as has been done with the car maker 
Renault. (In fact the new Minister for 
Industry, M. Pierre Dreyfus, was pre- 
viously managing director of Renault, so 
his appointment has somewhat comforted 
industrial opinion.) Thus the immunity of 
the nuclear business amounts to a tacit 
recognition of its independent commerical 
success. 

The grand debate on energy also begins 
to look less of a confrontation than a few 
weeks ago. It is expected now to take place 
in the National Assembly in November — 
and instead of focusing on nuclear power it 
will look at all aspects of the energy 
question, a difficult matter in what will be a 
packed legislative session. Parliamentary 
and specialist groups have been set up to 
investigate separate issues. 

Anticipating the debate, M. Mauroy has 
seen fit to announce the broad outlines of 
French energy policy. The two priorities 
will be to develop indigenous fossil fuel 
production, insofar as that is economic 
(taking account of world prices) and to 
pursue a significant nuclear programme. 

Mauroy did not mention renewable 
sources or even conservation, and his re- 
marks on fossil fuel production are taken 
to imply caution in the further develop- 
ment of France’s costly coal compared 
with the cheaper Australian product. That 
leaves, of course, nuclear power as the 
central plank of his energy policy. 

On this reading, the government must 
arrange that the November energy debate 
will lead to a vote to continue to build new 
pressurized water reactors. (New starts are 
temporarily suspended.) The construction 
of Superphénix, the commerical demon- 
stration fast breeder reactor, continues, 
and a decision on a second one can be 
comfortably left for a while. 

Robert Walgate 
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Mongolia’s jubilee 


Following the lamas 


The Mongolian People’s Republic this 
month celebrates the diamond jubilee of its 
foundation on 11 July 1921. Included, de 
facto, in the anniversary is the Mongolian 
Academy of Sciences, since although 
formally inaugurated only in May 1961, it 
originated, in the words of Dr B. 
Shirendyb, president of the academy, from 
“a small group of scientific workers’’ who 
banded together immediately after the 
establishment of the Republic to raise the 
scientific standards of the country. 

Not that science had been entirely 
neglected in pre-revolutionary Mongolia. 
An astronomical observatory had been 
founded in Ugra (now Ulan Bator) in 1779, 
and a flourishing medical tradition was 
preserved in the lamaseries. Nevertheless, 
in the early years of the new state, the 
major task was the translation of basic 
scientific texts from Russian and other 
European languages. And before even this 
could be done a more fundamental 
problem had to be solved of replacing the 
picturesque but impractical traditional 
script by a modern alphabet. 








Astronomical observatory Mongolian style 


Inevitably, present day research in 
Mongolia is largely directed towards the 
needs of the economy. During the 
past five years, the various institutes of the 
Academy of Sciences carried out 369 
research projects, which should ultimately 
save the economy more than 108 million 
tugriks (£18 million). Research included 
the use of methods of nuclear physics in 
surveying the country’s deposits of copper, 
molybdenum and tungsten, mapping of 
seismic zones, the extraction of 
pharmaceuticals from traditional 
medicinal herbs, and the development of 
new strains of wheat and breeds of sheep. 

International help has not been lacking. 
The plan to establish a 5 million hectare 
nature reserve in the Gobi Desert is 
receiving considerable assistance from the 
United Nations Environmental 
Programme, and Comecon countries have 
some 60 joint research projects in 
operation with Mongolia. One piece of 
research, not yet covered by a formal 
agreement but watched with considerable 
interest by Mongolian scientists, is the 
work of Dr Tibor Farkas at Szeged 
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(Hungary) on the biophysics and 
biochemistry of frost damage. The: 


Mongolians hope that this work will tesult 


in the development of an anti-frost spray 
for spring wheat, which is at considerable 
risk in their harsh climate. 

Among the facilities that Mongolia has 
to offer its international collaborators is 
the Gobi Desert — a valuable hunting 
ground for Comecon expeditions in search 
of fossils of dinosaurs and dinosaur 
eggs. Vera Rich 


Belgian scientific institutions 


Arresting decline 


Brussels 

It has long been felt in Belgium that some 
of the country’s most renowned scientific 
institutions are falling into decline. Disaf- 
fection is so great that last spring the staff 
of eight major institutions resorted to 
strikes to draw attention to their 
grievances. Now at las: the government has 
decided to do something. 

A committee of wise men has been given 
the task of finding ways to unravel the 
administrative snarls which are held 
responsible for the problems. The eight 
institutions under review are the Royal 
Library of Belgium, the National and 
Provincial Archives, the Royal Belgian 
Institute of Natural Sciences, the Royal 
Museum for Centra) Africa, the Royal 
Belgian Observatory, the Royal Belgian 
Meteorological Institute, the Belgian 
Institute of Aerospace and the National 
Centre for the Production and Study of 
Microbiological Substances. 

The problems of these institutions are 
uniquely Belgian. When the constitution 
was revised in 1970, it was decided to keep 
them as national bodies. The conflict 
between the Flemish and Walloon (French- 
speaking) communities in Belgium has led 
to a virtual duplication of all administra- 
tions and much else. The education system 
is completely divided.along linguistic lines. 
As national bodies, the eight institutions in 
question fall foul of the system and do not 
benefit from the patronage of either the 
French or Flemish ecucation ministers. 

Every decision has also to be approved 
by three or four ministries and with a 
change of government every few months, 
the national institutiens have found it very 
difficult to get anything done. Most of the 
directors of the institutions have left in 
disgust at the administrative confusion. 

The committee is due to make its first 
report within the next three months, but 
the recommendations are bound to involve 
more drastic cures than simple adminis- 
trative pruning. Some of the institutions 
with more active research departments are 
sure to be merged with universities. And 
the worrying size of Belgium's public- 
sector deficit may prompt the committee 
members to recommend that parts of the 
institutions should be axed completely. 

Jasper Becker 
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Radical writings 
Sir — Dr Turner’s letter (Nature 4-June, 
p.374) makes the disturbing claim, citing the 
exchange between Dawkins and myself as 
evidence, that ‘‘the radical scientific 
opposition to racism requires a denial that 
there is any genetic variation of any 
significance from place to place within the 
human species’’, I wonder what on Earth he 
has been reading which provides support for 
such an assertion? As someone who has been 
reading, writing and teaching in this area for 
some years now, I can’t remember ever seeing 
such a claim, and I would be interested if he 
could produce a single statement from the 
writings of “‘radical’’ biologists since the 
sociobiology and IQ debates started in the late 
1960s which could support his allegation. 


The Open University, STEVEN Rose 


Milton Keynes, UK 


Australian 2,4,5-T 


Str — Since you published our letter! on 
‘“‘Antipodean 2,4,5-T’’, a sample of the 
herbicide imported into Australia has been 
brought to our attention. It had been 
submitted to the Australian Tariff Board by 
the importer as a sample of a very large 
consignment on which lower tariffs had been 
sought. It was recently analysed by the West 
Australian Government laboratories and 
found to consist essentially of the isobutyl 
ester of 2,4,5-T, and to contain 19 mg per kg 
of 2,3,7,8-TCDD on an ‘‘as received” basis, 
and 26 mg per kg on a 2,4,5-T basis, (The level 
of TCDD (2,3,7,8-tetrachlorocyclodibenzo-p- 
dioxin) in 2,4,5-T considered acceptable in 
Australia at the time was 0.1 mg per kg.) 

Evidence given before the Tariff Board 
inquiry suggests the material may have been 
produced from fire-damaged potassium 
trichlorophenolate (KTCP). [A synthetic route 
to 2,3,7,8-TCCD is through the heating of 
KTCP?+,] A letter from the Singapore High 
Commission (Australia) has confirmed that a 
fire occurred in the premises of the importer’s 
Singapore company, and pointed out that (1) 
there were reports of chloracne in the factory 
workers and (2) after the fire, the 
neighbouring factory,complained of symptoms 
in its workers. The importer himself described 
this ‘‘fire damaged” material as of ‘good 
value’’4, and so one assumes that it entered 
commerce in Australia. 

All of this makes more pressing our concern 
for Australia’s epidemiological inquiry into ` 
Vietnam veterans’ claims. Use of 2,4,5-T with 
such high levels of TCDD can prejudice the 
controls in this study. It will also have 
implications for ordinary civilian usage. 

We hope that one result of our work will be 
that the Australian authorities will increase 
their surveillance.of chemical imports. 

Perer HALL 


: ; : BEN SELINGER 
Australian National University, 


Canberra, Australia 


1. Hall, P., Selinger, B., Field, B. & Kerr, C. Nature 290, 8 
(1981). 
Langer, H.C. & Brady, T.P. Thermal Analysis 2, 273 
(1974), 
3, Langer, H.C. Brady, T.P. & Briggs, P.R. Envir, Hlth 
Perspect. §, 3 (973). 
4. 2.4.8-T Products and 2,4,5-Trichiorophenol and its Saits 
(D.S$.A.) Official Transcript of Proceedings. Common- 
wealth of Australia, 31 August, 1972; pp. 73, 74. 
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Conservation areas 


Sir — It would seem injudicious for Dr ` 
Ratcliffe to claim’, as his guarantee of 
rightness, the wisdom of Parliament whén a 
minister of the Crown can say?, after receiving 
the advice of the Nature Conservancy Council 
(NCC) “I welcome the international 
recognition that it is totally unacceptable for 
species to be allowed to disappear”, though 
this is quite in keeping with the NCC’s concern 
to safeguard Sites of Special Scientific Interest 
(SSSIs) “in perpetuity”. If the NCC has not 
got the financial resources to provide ` 
invariable, immediate and adequate . 
compensation to the owners of SSSIs, how’will 
their perpetual preservation policy prevent 
glacial readvance over the Black Wood of 
Rannoch, or pluvial destruction of the _ 
Pennine limestone pavements, or, perhaps, 
provide fall-out shelters for Dartford 
warblers? 

L suppose that one must expect if one has 
the temerity to express an-unfashionable point 
of view that one will be misunderstood 
accidentally and deliberately}, so may I make 
it clear that | am not advocating the wilful 
destruction of anything, organism or habitat, 
but I do feel that anyone, acting as a scientist, 
needs a better excuse that a personal 
predilection for the rare, the exotic, or the 
status quo before he asks people to forgo the 
benefits of cultivating their gardens or puts 
other§ to the national expense of compensating 
them. for their abstinence. I had been led to 
believe that science was an organized body of 
knowledge concerned with the physical world 
as we find it, static or dynamic as the case may 
be, that scientists were by their training 
perhaps better equipped than most to make 
reliable predictions of the likely outcome of 
the processes which they observe, but that as 
scientists they have no claim to superior 
knowledge or wisdom in prescribing what 
goals or courses of action are desirable on 
moral, political or economic grounds. It is 
against this assumption of authority, which is 
more than hinted at in Dr Ratcliffe’s last 
sentence, that I am railing. 

a Cokin Muir 
Department of Zoology, 
The University, St Andrews, UK 


L Rateliffe, D.A. Nature 290, $39 (1981). 

2. Heseltine, M, Hansard 3, col. $26 (1981). 

3. Disney, R-H.1., Nature 290, 432 (1981). 

4. Heyworth, M.F. & Wainscott, J.S. Nature 290, 440 (1981). 


Israeli raid 


Sir — I was unpleasantly surprised to read the 
leading article in Nature entitled “Making 
Israel atone for Tamuz’’ (18 June, p.523). I 
and many others of your readers are of the 
view that Nature is a scientific journal, which 
justifiably includes articles on scientific or 
educational policy in addition to the research 
material which it publishes. However, this was 
an article of a purely political nature, written 
about a very sensitive issue without any 
backing of specialized knowledge. It was in my 
view an unwise decision to publish such an 
article in Nature and a dangerous precedent. 
It is, of course, impossible to enter into a 
full discussion with you on the reasons for 
Israel’s decision to bomb the nuclear plant in 








iraq, but there are certain facts which have 
„been ignoredlin this article, which should be 
brought to your attention. 

(1) There is a great deal of evidence that 
Iraq has ambitions to acquire a nuclear 
weapon and it has built up its military power 
in the last few years to an alarming magnitude. 
As this country is at war with Israel, having 
consistently refused to enter into any peace 
negotiations, this must be a serious threat to 


"the security of Israel. 


. (2) To ask Israel to accept the report of the 
UN International Atomic Energy Agency is 
expecting a lot, in view of the attitude of the 


» United Nations and its agencies towards Israel 


in the past. If Israel is to survive it must 
depend on its own intelligence assessments. 
This is exactly what it did in this case, and it 
acted before it was too late, 

(3) The article ignores the fact that Israel 
has never refused to enter into peace 
negotiations with its Arab neighbours. Except 
in the case of Egypt these countries have not 
only refused but quite openly proclaimed their 
ambition to destroy the State of Israel; Iraq 
has been one of the leading advocates of this 
policy. Under these circumstances how can 
one expect Israel to enter into a “Non- 
Proliferation Treaty’’? 

ANNE BELOFF-CHAIN 
Imperial College of Science and Technology, 
London, UK 


Forbes, not Wallace 
Sir — In his review of a recent symposium on 
biogeography, Colin Patterson regards A. R. 
Wallace as the inventor of ‘‘biogeography in 
the accepted sense’’, and gives the impression 
that he thinks very little of the scientific 
competence of Charles Darwin in this context 
(Nature, News and Views 25 June, p.612). 

I refrained from joining inthe previous 
arguments in your columns about cladism, 
evolution and Darwin, but in this instance I 
must protest that in enthroning Wallace and 
demoting Darwin, Dr Patterson is overplaying 
his hand and ignoring the earlier literature. 
Darwin was well aware that the continents 
were not immutable (see the sketch of 1842 
and the essay of 1844), and that previous 
epochs may have had land connections 
different from those of the present. It is 
incorrect to claim that evolutionary 
hypotheses based on unchanging continents 
dominated biogeographical thinking up to the 
1960s, when Wegener’s views were finally 
accepted by orthodox geophysicists. Many of 
the published biological arguments of the 
period were about the extent and timing of the 
land and sea connections, not whether they 
existed. 

Darwin was also aware of contemporary 
studies of geographical distribution, such as 
the excellent review of Edward Forbes, not 
mentioned by Dr Patterson, published in the 
first volume of the Memoirs of the Geological 
Survey, 1848. In this article Forbes clearly 
stated an hypothesis for a previous land 
connection between the Iberian peninsula and 
Ireland. If anyone is to be selected as the 
father of biogeography it should be Forbes. 

A. J. SOUTHWARD 
Marine Biological Association, 
Plymouth, UK 
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A recent issue of the Journal of 
Geophysical Research (86, C3, 20 March 
1981) contains two.articles which serve to 
demonstrate the wide-gulf between obser- 
vations and models of wind-driven ocean 
response, The paucity of:reliable upper 
ocean measurements and suspension of 
Ekman dynamics make the situation even 
worse near the equator. One article, by 
§.G.H. Philander and R.C. Pacanowski, 
describes the results of a numerical simu- 
lation of the response of a stratified 
equatorial ocean to periodic wind forcing 
at periods from days to years. The other, by 
R.A. Weller, describes current profiles 
made at mid-latitude from a drifting 
research platform. While Philander and 
Pacanowski make rather detailed pre- 
dictions of oceanic response, Weller finds 
that Ekman theory, a cornerstone of 
dynamical oceanography (W.V. Ekman in 
1905 predicted current profiles which spiral 
and decay with depth through a balance of 
frictional and rotational forces in response 
to wind stress at the surface), fails to 
account for the rather weak decay of shear 
away from the surface which he observed. 
The problems of measuring in the upper 
ocean are formidable. It is only recently 
that instruments have been developed 
which succeed in removing the contamina- 
ting effects of surface waves on current 
measurements. This success is achieved by 
utilizing linear sensors which can deal with 
currents which are not confined to the 
horizontal plane. The time scales of wind 
forcing and ocean response make 
sequential measurements at one or more 
fixed locations an attractive method of 
examining ocean physics. These eulerian 
‘descriptions of the flow are often collected 
from current meters tethered at fixed 
depths along a deep sea mooring. Weller 
used newly developed current meters in a 
profiling mode, raising and lowering them 
by winch from the uniquely stable 
Research Platform Flip (a giant spar buoy 
resembling a submarine tipped on end, 
which pitches and rolls hardly at all). Since 
Flip drifted modestly, the measurements 
are. not eulerian, but their excellent 
accuracy allows records of current shear to 
be compared with time-dependent Ekman 
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w well can the connection be made? 


from Charles C. Eriksen 


models. Although the observed changes in 
phase with depth are modelled by simple 
Ekman dynamics at most frequencies, the 
amplitude structure is not. The discrepancy 
ultimately seems to be nonlinear. Turbu- 
lence produces apparent diffusivities which 
greatly exceed molecular values. The 
spatial structure of eddy viscosity 
(turbulent diffusion of momentum). is 
poorly known, as is the role of larger-scale 
nonlinearities in the flow. These two un- 
knowns keep upper ocean response to wind 
stress in the class of ‘fascinating unsolved 
problems’ in oceanography and promise to 
do so for sometime inthe future, 
Near the equator, Ekman theory breaks 
down because the horizontal Coriolis 
forces associated with the Earth’s rotation 
vanish, There is no satisfactory theory for 
the planetary boundary layer at low 
latitudes; most theories use a body force 
formulation (stress distributed a priori ina 
slab of water) to circumvent this problem. 
This arbitrary linkage is used to provide a 
forcing mechanism, to which the response 
by large-scale ocean dynamics is sought. 
Numerical models are often the only means 
by which the complicated effects of density 
stratification, friction, nonlinear. effects 
and ocean boundaries can be considered 
together. In the equatorial oceans it is clear 
that all of these effects are important. 
Everyone seeks simple force balances, and 
discarding one or more of these effects in 
favour of the others is a popular method of 
equatorial theorists. Unfortunately, 
largely for technical reasons, there is 
relatively little guidance from observation 
for the correct choice in a given situation. 
Numerical studies also require data taken 
at discrete intervals to keep computations 
manageable (even the largest computing 
facilities can be easily overburdened by the 
size and density of calculations demanded 
by modest models of ocean circulation). 
The resulting simulations are not 
altogether realistic, but at least describe the 


Charles C, Eriksen is in the Department of Earth 
and Planetary Sciences at the Massachusetts 
Institute of Technology. 


mechanisms at work in different flow 
regimes. Philander and Pacanowski state 
various results abeut how the ogean 
responds to wind forcing, but it should be 
remembered that these are the results of a 
model study of a numerical ocean which 
one cannot be sure behaves exactly as the 
real oceans do. 
The results Philander and Pacanowski 
report are an example of what can be said 
about oceanic response from an 
incorporation of the general effects, but 
not the details, of the mechanism by which 
wind energy is transferred to the ocean. 
They highlight the unique character of 
equatorial oceans — that it is possible to 
have a Kelvin wave trapped to the equator 
which can carry energy eastwards, in 
addition to equatorial analogues of the 
long Rossby waves at mid-latitude which 
carry energy to the west. Philander and 
Pacanowski identify three ranges of 
period: (1) at the shert periods (a few days) 
strong currents are not generated, but 
rather a spectrum of equatorial waves; (2) 
at intermediate periods (weeks, months) 
upper ocean currents are generated 
primarily which reflect off the basin 
boundaries in a complicated fashion; and 
(3) at very long periods (greater than 
several months to a year or more, 
depending on the basin size) steady-state 
response is achievec. The nonlinear nature 
of the problem causes Rossby waves to be 
modified by the mean currents at low fre- 
quencies. Also, rays along which energy 
travels have shallow inclinations at long 
period, so that the deep ocean can only 
contain wave energy which is the result of 
one or more reflections off the basin ends. 
There are very few measurements by which 
any of the predictions of the model can be 
tested; however, the general contrast 
between observations ina small basinand a 
large one (Atlantic versus Pacific) tends to 
confirm the predictions of themodel. Arisa 
big job to observe enough of the ocean ta 
really test these models in even the most 
rudimentary way. At this point large-scale 
theories are far more sophisti 
data. Observations are need: 
assumptions upon which the mode 
as wellas the general modelresults. 
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Migrating nitrogen atoms in diamond _ oe 


Jrom Gordon Davies 


By crystallographic standards gem quality 
diamonds are highly impure. Most of them 
contain nitrogen at about one part in a 
thousand — some 10% atoms of nitrogen 
per cubic centimetre of diamond. Signifi- 
cant colouring is usually produced in a 
crystal when it contains about 10!’ 
impurity atoms per cubic centimetre, but 
natural gem diamonds are usually colour- 
less because the nitrogen atoms have 
aggregated into pairs, each pair replacing 
two carbon atoms. The paired form does 
not absorb visible light as its absorption 
bands lie in the ultraviolet part of the 
spectrum. However, if even a small 
fraction of the nitrogen is present in the 
simplest form, as isolated nitrogen atoms 
with each atom replacing one carbon atom, 
then an unattractive brown colour is 
produced. Most synthetic diamond is of 
this type and is unsuitable for use as gem 
stones. 

In nature many diamonds are also found 
in which the nitrogen aggregation has gone 
further, producing aggregates of three or 
more nitrogen atoms (see Fig. 1). 
Diamonds like these are often of 
considerable commercial value as gem 
stones, for in a triangular arrangement the 
nitrogen can absorb near-ultra violet 
radiation and emit the energy in the visible 
part of the spectrum, enhancing the 
brightness of the diamond ina whiter-than- 
white effect. 

In the early 1970s Soviet science journals 
reported that synthetic diamonds grown at 
higher temperatures and pressures than 
usual had a small amount of their nitrogen 
in the aggregated forms typical of natural 
diamonds, although most of the nitrogen 
was still scattered through the lattice as 
isolated atoms. A few years later, at the 
General Electric Corporate Research and 
Development Laboratories in Schenectady, 
New York, R.M. Chrenko, R.E. Tuft and 
H.M. Strong observed substantial aggrega- 
tion of the nitrogen in some of their own 
synthesized diamonds when the diamonds 
were heated to about 2,000K for 30 
minutes. In one diamond they converted 
three-quarters of the isolated nitrogen 
atoms into aggregated forms. The 
technique was published in Nature (270; 
141, 1977) and protected by patent (British 
Patent specification 1578987). 
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Fig. 2 Aggregation process proposed by Evans and co-workers. 





The possibility of improving the colour 
of synthetic diamonds may appear to have 
commercial implications for the gem 
industry. In practice, however, the cost of 
growing gem-sized diamonds is prohibi- 
tive, and to convert any nitrogen in the 
diamond requires a further heat treatment 
at the aggregation temperature of 2,000 K. 
The processed diamond would still not be 
the same as a natural diamond. Inclusions 
trapped inside a synthetic diamond are 
metallic, from the growth environment, 
and are easily distinguished from natural 
inclusions. In the world of gems, a colour- 
improved synthetic diamond would still be 
regarded as inferior to a natural stone and 
would be priced accordingly. Nor, in view 
of the recent announcement of the massive 
diamond find at Smoke Creek in the north 
of Australia, is there likely to be a scarcity 
of natural diamonds in the foreseeable 
future. 

The value of the aggregation 
experiments is that they provide a tool for 
studying the geology and physics of 
diamond. At Reading University, B.P. 
Allen and T. Evans (Proc. R. Soc. A375; 
93, 1981) have shown that in aggregation, 
isolated nitrogen atoms first form pairs and 
then migrate to produce the larger 
aggregates (see Fig. 2). The longer the 
diamond is held at a high temperature, the 
further the aggregation proceeds, so the 
state of aggregation in any diamond gives 
some idea of the length of time it has been 
heated. The temperature at which natural 
diamonds grew can be measured indepen- 
dently from the chemistry of their 
inclusions; for all diamond sources a tem- 
perature of about 1,450 K is indicated (J.J. 
Gurney and B. Harte Phil. Trans. R. Soc. 
A297; 273, 1980). Extrapolating the 
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Fig. 1 Highly schematic diagrams of the smallest nitrogen structures in diamond: a, the 

isolated nitrogen atom, b, the nitrogen pair, c, the nitrogen triangle. In the nitrogen 

triangle, the N atoms share one common C atom as the nearest neighbour; they are not 
bonded directly together. 
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laboratory results of Chrenko et al. down 
to this low temperature, Allen and Evans 
estimate that those rare natural diamonds 
containing only isolated nitrogen atoms 
must have been ejected to the surface of the 
Earth within 50 years of their growth — a 
very short time scale geologically. 

The accuracy of this estimate is currently 
unknown because of a complication 
discovered by A.T. Collins at King’s 
College, London (J. Phys. C11; L417, 
1978). The speed at which isolated nitrogen 
atoms can migrate is increased if some of 
the carbon atom sites in the diamond are 
vacant. A nitrogen atom next to a vacancy 
has more room to manoeuvre in the crystal, 
leading sometimes to a 50-fold acceleration 
of the aggregation process (A.T. Collins J. 
Phys. C13; 2641, 1980). Collins has also 
suggested that the original measurements 
of Chrenko et al. may have overestimated 
the mobility of the isolated nitrogen atoms. 
Nevertheless, when the migration 
parameters of the nitrogen atoms are 
known better it will be possible to fix 
the time a diamond has spent deep in the 
Earth, 

The nitrogen aggregation experiments 
have recently cleared up one long-standing 
problem of diamond research. Many 
natural diamonds contain two- 
dimensional defects, with diameters of the 
order of tens of nanometres, lying in their 
cube planes. These ‘platelets’ only occur 
when the diamond contains a large concen- 
tration of nitrogen. During the 1960s it was 
generally assumed that all the nitrogen was 
tied up in the platelets. Then E. V. Sobolev, 
V.I. Lisoivan and S.V. Lenskaya (Sov. 
Phys. Dokl. 12; 665, 1968) showed that 
there was no simple correlation between 
the number of platelets in a diamond and 
the concentration of nitrogen it contained. 
During the 1970s it was found that the 
optical properties of diamonds could be 
satisfactorily explained if the platelets were 
simply ignored, and the nitrogen assumed 
to exist only in small aggregates like the 
pairs of nitrogen atoms. But now, T. 
Evans, Zengdu Qi and J. Maguire (J. Phys. 
Gordon Davies is in the Wheatstone Physics 
Laboratory, University of London King’s 
College. 
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C14; L379, 1981) have produced platelets 
in a synthetic diamond solely by heating at 
2,700 K for 4 hours and at 2,800 K for 2 
hours. Initially, the diamond contained 
about 10% cm-? isolated nitrogen atoms. 
After the heat treatment some 10'5 cm73 
platelets with diameters of 20-50 nm were 
produced — equivalent to about 2 x 10! 
cm-3 defect atoms -— as well as the other 
aggregated forms of nitrogen which 
accounted for some 107° cm-} nitrogen 





atoms. The experiments can only be under- 
stood if the platelets are made of nitrogen. 
The apparent discrepancy in the numbers 
above is expected since the distribution of 
nitrogen in synthetic diamonds is 
inhomogeneous. 

The picture emerging for the 1980s of 
nitrogen in diamond is that it is present in 
both the platelets and in the atomic-sized 
structures, Key experiments are required to 
complete the picture: accurate calibrations 








have to be made so that the concentration 
of nitrogen in each structure may be 
measured easily; the thermodynamics of 
each stage of the aggregation have to be 
found; and !‘N isotope shifts in the optical 
features of the platelets could establish 
more about the role of nitrogen in the 
platelets. Although much still has to be 
done, the migration of nitrogen in 
diamond is turning out to be an extremely 
profitable line of study. Cy 


Are the suprachiasmatic nuclei the 
location of the biological clock in mammals? 


Srom Fred W. Turek 


Over the past twenty-five years, largely 
due to the efforts of Colin Pittendrigh and 
Jürgen Aschoff, it has been demonstrated 
that the generation of circadian (that is, 
approximately 24-hour) rhythms in 
animals depends on an internal biological 
clock. The endogenous oscillator is 
normally synchronized by environmental 
factors, principally the photoperiod, to the 
24-hour rotation of the Earth upon its axis. 
Hundreds of circadian rhythms have been 
described and the formal properties of 
circadian systems analysed. Recently, 
attention has switched to the location of 
the biological clock(s) and the mechanisms 
by which the clock is coupled to the many 
rhythms it drives. Hundreds of experi- 
ments in scores of laboratories around the 
world have been carried out in an attempt 
to elucidate the neural elements involved. 
However, it is only within the past few years 
that the neuroscience community has 
begun to apply the entire armamentarium 
of neural techniques to the study of 
circadian rhythms. These initial studies 
have already yielded a number of impor- 
tant findings and have laid the groundwork 
for future work involving the search for the 
circadian clock in animals. 

In mammals, the hypothalamic supra- 
chiasmatic nuclei (SCN) have become the 
centre of attention. Compelling evidence 
that this region of the hypothalamus plays 
an important part in circadian organiz- 
ation was first provided by Stephan and 
Zucker! and Moore and Eichler? when they 
discovered that destruction of the SCN in 
rats altered both the entrainment by 
light/dark cycles and generation of 
circadian rhythms. Since these pioneering 
studies, many researchers have observed 
that bilateral lesions of the SCN in rodents 
disrupt a variety of circadian rhythms 
including drinking, eating, locomotor 
behaviour, plasma corticosterone, pineal 
N-acetyltransferase activity, sleep, heart 
rate and body temperature. In addition, 
SCN lesions disrupt oestrous cyclicity and 
photoperiodic time measurement, two 
parameters which depend on the circadian 
system for temporal information? . 
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Continuous record of the wheel-running 
activity of a male hamster maintained in 
constant light. Successive 24-hr days are 
plotted from top to bottom. On day 37 of 
this record, the animal received a bilateral 
lesion of the SCN which resulted in a clear 
disruption of the normal circadian rhythm 
of locomotor activity (from G.E. Pickard 
and F.W. Turek, unpublished results). 





Since it is now quite clear that 
multicellular organisms are made up of a 
population of circadian oscillators, the 
search for the biological clock is really the 
search for that clock or system of clocks 
which coordinates the various internal 
oscillators with each other and the outside 
environment. Evidence for the existence of 
a population of oscillators comes from 
many different experiments including 
some that involve the destruction of the 
SCN in rodents. Early studies indicated 


that lesions of the SCN resulted in the 
complete loss of entrainment and the 
abolishment of free-running circadian 
rhythms but more extensive studies by 
Rusak* in the golden hamster suggested 
that a variety of independent rhythmic 
oscillators exist in the absence of the SCN. 
The figure shows the dramatic effect that 
lesions of the SCN can have on the 
circadian rhythm of locomotor activity in 
the hamster. On some days (for example, 
days 87-96) no rhythmic pattern is 
obvious, while on other days bimodal 
(about 12 hr: for example, days 100-111) 
and trimodal (about 8 hr: for example, 
days 113-120) activity patterns are 
generated. Rusak postulated that such 
patterns indicate that circadian oscillators 
continue to function in these animals, but 
the SCN are necessary to integrate these 
oscillators into a single circadian 
framework. Further evidence that at least 
some circadian rhythms persist in 
mammals after destruction of the SCN 
comes from work on squirrel monkeys. 
Although the circadian rhythms of 
behavioural activity, feeding and drinking 
are abolished following bilateral 
destruction of the SCN, the rhythm of 
body temperature persists’. 

Attempts have been made to locate the 
endogenous biological ciock by 
determining the pathways which connect 
the environmental factors, principally 
light, to the entrained circadian system. A 
direct retino-hypothalamic tract (RHT) 
which terminates in the SCN has been 
observed in many mammials® and it has 
been suggested that this is the primary 
pathway by which light information 
reaches the circadian system. However, 
this has been difficult to prove conclusively 
because the close proximity of the SCN to 
the optic chiasm in rodents has not made it 
possible to sever the RHT without 
destruction of the SCN. Indirect evidence 
of a major role for the RHT is the 
observation that rodents can entrain to a 
light/dark cycle when all known retinal 
inputs to the brain, except the RHT, have 
been destroyed. Nevertheless, disruption 
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of the primary optic tract, leaving the RHT 
intact, can alter the entrainment pattern of 
the locomotor activity rhythm in 
hamsters’. The relative importance of the RHT 
and other retinal inputs to the brain for the 
entrainment of the circadian system by 
light still remains to be determined. 
Through the use of recently developed 
neural anatomical tracing and staining 
techniques, new details about the 
morphology and the afferent and efferent 
connections of the SCN have emerged?. 
The SCN is a complex nucleus that has a 
number of recognizable subdivisions and 
within each division there is a 
heterogeneous population of neurones. 
Morphological studies of the SCN suggest 
that there is a great deal of intercellular 
communication within one nucleus as well 
as between the nuclei®!°. Inputs to the 
SCN arise from the retinae, ventral lateral 
geniculate nuclei and midbrain raphe 
nuclei, and a number of other inputs may 
exist'®, Interestingly, the number of retinal 
ganglion cells projecting to the SCN is quite 
small and certain classes of ganglion cell are 
more likely to project to the SCN than 
others!!. Relatively little is known about 
the efferent projections from the SCN but, 
in general, it appears they leave dorsally 
and caudally and many terminate among 
cells in various hypothalamic nuclei!?. 
Direct evidence for the ability of the 
SCN to generate circadian rhythms has 
been supplied by Inouye and Kawamura!}, 
They found clear evidence of circadian 
rhythmicity in neural activity in a variety of 
different brain regions when they recorded 
multiple unit activity with extracellular 
electrodes, When a Halasz knife was used 
to create a hypothalamic island containing 
the SCN, they found that circadian 
rhythmicity in spontaneous neural activity 
was abolished in all brain regions outside 
the island but persisted inside the island. 
This suggests that the SCN region is 
capable of generating circadian rhythms 
without input from elsewhere and that the 
rhythmicity in other brain regions is 
dependent upon input from the SCN. 
Circadian fluctuations in glucose 
consumption and protein synthesis!*!5 
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have also been observed in the SCN, 
although it is not known whether the 
rhythms are intrinsic to the SCN region 
itself. 

A number of laboratories are attempting 
to record neural activity from the SCN in 
hypothalamic slices maintained in vitro. In 
a preliminary paper, Groos!® reported that 
single units from the rostral hypothalamus 
(including the SCN) maintained in vitro 
exhibited clear circadian rhythms in their 
firing rate and suggested that neural 
rhythms were intrinsic to the SCN. 

Very few studies have examined the 
neurochemistry of circadian systems in 
mammals. Zatz has demonstrated that 
the infusion of carbachol, a cholinergic 
agonist, adjacent to the SCN could mimic 
the effects of light on the circadian rhythm 
of rat pineal N-acetyltransferase activity. 
These results suggest that acetylcholine 
may be involved in the photoentrainment 
of mammalian circadian systems and point 
out the potential usefulness of the 
neuropharmacological approach in 
determining the mechanisms by which 


circadian rhythms are entrained and self- 
generated. 

Most of our understanding of the role of 
the SCN in the generation of circadian 
rhythms has been derived from in- 
vestigations with small rodents, 
particularly rats and hamsters. However, 
recent studies involving lesions of the SCN 
region in lizards, birds and primates>.!8 
indicate that this region of the brain plays a 
central part in the circadian organization of 
many, if not all, vertebrate species. 

Whether the SCN represent the master 
biological clock, or a major component of 
a complex circadian system, in mammals 
remains an unanswered question. 
However, whatever the precise role of the 
SCN in the generation of circadian 
rhythms turns out to be, one thing is clear; 
the SCN have provided neuroscientists 
with a starting point for the eventual 
elucidation of the neural basis of circadian 
rhythmicity in mammals. a 
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Towards the numerical 


magnetosphere 


from Martin Brown 


THE SOLAR WIND is a tenuous stream of hot 
protons and electrons originating in the 
solar corona and flowing approximately 
radially outwards from the Sun into the 
Solar System at speeds of ~ 400 km s~'. 
The Earth’s dipolar magnetic field presents 
an obstacle to this flow and excludes it 
from a cavity known as the magnet- 
osphere. Because the speed of the solar 
wind is greater than all hydromagnetic 
wave propagation speeds in the solar wind 
medium, the perturbing influence of the 
Earth on the flow reaches only to the order 
of ten Earth radii upstream, where a 
standing shock is found. Downstream 
from the Earth, the magnetosphere is 
extended in a tail to great distances. 

The large quantity of data available from 
satellite and ground-based observations of 
electromagnetic fields, flow velocities and 
particle number densities around the 
Earth, both in the magnetosphere and the 
undisturbed solar wind, has encouraged 
theoretical research into magnetospheric 
phenomena. There is major interest in the 
calculation of the steady-state flow of the 
solar wind past the Earth and its dynamic 
response to changes in the solar wind. The 
complex geometry and the need to consider 
interactions between electric currents and 
electromagnetic fields make a complete 
analytical solution inaccessible, but two 
recent publications (Leboeuf ef al 
Geophys. Res. Lett. 8; 257, 1981; Lyon et 


al. Phys. Rev. Lett, 46; 1038, 1981) show 
that techniques of numerical simulation 
developed for research in aerodynamics 
and plasma physics may be very useful. 
Although the application of numerical 
methods to the global structure and 
behaviour of the magnetosphere is not a 
new idea, previous work suffered from lack 
of computing power and from inadequate 
simulation techniques which allowed only 
a simplified version of the problem to be 
considered: the shape of the mag- 
netosphere was assumed and a flow around 
it calculated (Spreiter et al. Planet. Space 
Sci. 17; 233, 1969). Larger computers now 
make more ambitious models possible, and 
attempts to simulate the time-dependent 
behaviour of the magnetosphere in two and 
even three dimensions, treating fields and 
currents in a proper self-consistent way, are 
very fashionable. 

Two-dimensional numerical models are 
quite common in many fields and produce 
respectable results, but three-dimensional 
simulations are still quite rare since they tax 
to the limit the memory size and speed of 
operation of the most powerful computers 
available. In spite of this, notable results 
have been achieved with three-dimensional 
computer codes, especially in the fields of 
weather prediction, controlled 
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thermonuclear fusion and aircraft design. 
The present restriction on memory size 
means that rather few mesh points can be 
used in each coordinate direction of the 
finite difference models. For example, in 
the simulation of Leboeuf et al. a mesh of 
size 32x 168 and spacing about one 
Earth radius was used, allowing only poor 
spatial resolution. A two-dimensional 
simulation (Lyon et al.) in the plane 
perpendicular to the path of the Earth’s 
orbit around the Sun gives better 
resolution, but since the motion of 
particles and magnetic field lines around 
the sides of the Earth is important, a 
distorted picture emerges without resort to 
ad hoc procedures for attempting to 
include these effects. 

Several recognizable magnetospheric 
features are reproduced in these models; 
density maxima are found at the nose and 
over the: polar caps, and a low-density 
cavity exists behind: the Earth’s dipole 
field. The cross-sectional shape of the 
simulated magnetosphere also has 
similarities with that deduced from satellite 
measurements. Magnetic field line 
reconnection, an important process by 
which field lines can break and rejoin to 
neighbouring lines through resistive 
current flows, occurs in both models. 
Reconnection takes place in the nose of the 
magnetosphere where the interplanetary 
magnetic field (IMF), arriving with the 
solar wind, connects with the Earth’s field, 
and in the long tail where the magnetic field 
configuration, directed away from the 
Earth in the southern half and towards the 
Earth in the northern half, is maintained by 
a perpendicular current sheet separating 
these regions. Field lines from the northern 
and southern halves near the current sheet 
can break and join each other leaving a 
neutral line downstream from the Earth. A 
so-called ‘open’ magnetosphere results 
from reconnection (Dungey Phys. Rev. 
Lett. 6; 47, 1961) since the IMF connects to 
the internal field of the magnetosphere, 
allowing entry of solar wind particles down 
the field lines. Although the general 
topology of these magnetic field line 
structures is reproduced in simulations, the 
rate of reconnection is much greater than it 
should be because of dissipative effects 
inherent in both methods which gives rise 
to ‘numerical’ diffusion of field lines. This 
causes the neutral line in the tail to be 
placed much nearer the Earth than it is in 
reality. 

Some dynamic phenomena of interest 
appear in the models. Fluttering of the 
boundary of the simulated magnetosphere 
(Leboeuf ef al.), which is also seen by 
spacecraft, appears to be the result of the 
well known Kelvin-Helmholtz instability. 
The two-dimensional code (Lyon et ai.) 
attempts to model a geomagnetic substorm 
(a poorly understood, large-scale event in 
the magnetosphere powered by the solar 
wind) by switching on a southward- 
pointing IMF in the incoming solar wind. 
This causes rapid reconnection in the tail of 





the model, the neutral line approaching the 
Earth and then receding in a way very 
similar to that seen in the magnetosphere 
and predicted by theory. 

The numerical magnetosphere is, at 
present, a rather distant cousin of the real 
one, though they have many common 
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general features. These simulations can 
best be thought of as feasibility 
demonstrations; real advances will only 
come using much finer meshes on the next 
generation of large computers, and with 
the development of numerical schemes 
with less dissipation. Cl 


The evolution of cooperation 


from Robert M. May 


Most people are familiar with the paradox 
of ‘The Prisoner’s Dilemma’, which 
provides an elegant metaphor for the 
problems of achieving mutual cooperation 
among members of a group. It has indeed 
been said (Grofman, in Frontiers of 
Economics University Publications, 
Virginia, 1975) that more than 2,000 papers 
have been written on the paradox and its 
philosophical implications. 

In its basic form, the Prisoner’s 
Dilemma involves two individuals, each of 
whom can choose either to cooperate or to 
defect in each of a series of discrete 
interactions. For these encounters, an 
illustrative pay-off matrix has the 
following character: if both players co- 
operate, each gains 3 units of whatever 
currency is at stake; if one cooperates and 
the other defects, the defector gains 5 units 
and the cooperator gets 0; if both defect, 
both gain 1 unit. It is apparent that, on any 
isolated encounter, the best strategy is. to 
defect: if the opponent also defects, you 
score 1 rather than the 0 that you would 
have scored had you cooperated; if he 
cooperates, you score 5 rather than the 3 
that cooperation would have gained for 
you. Thus, irrespective of the other 
player’s choice, it pays to defect. But, if 
both players defect, both score 1 unit 
rather than the 3 units they could both have 
scored had they cooperated. Hence the 
dilemma. 

Clearly, the players’ strategic decisions 
will depend on the likelihood of future 
encounters. If the individuals know they 
are destined never to meet again, defection 
is the only rational choice. By extension, if 
the total number of interactions is precisely 
known in advance, defection seems to 
remain the unbeatable strategy (defection 
is optimal on the last encounter, and 
therefore also on the next-to-last, and so 
on, back to the first). 

However, if the series of encounters is to 
stretch indefinitely into the future, or, 
more generally and more realistically, if 
there is always a finite probability, w, that 
after the current interaction the two pro- 
tagonists will meet again, the strategic 
choices become more complex. 
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Smale (Econometrica: 48; 1617, 1980) 
has recently brought the formal apparatus 
of the theory of dynamical systems to bear 
on the problem, in the limiting case when 
there is no finite horizon and no. dis- 
counting of the futaré. In these models 
‘There is always a tomorrow in our plans, 
and it is as importantas today, . . . There 
is a history, a beginning of history, but no 
end”. On the assuraption that decisions 






Although Smale’s analysis 
abstract, it clearly demonstrates that 
cooperative strategies can: “provided 
some plausible general conditions are met. 

A more empirical approach to the 
problem of finding a ‘best’. strategy is 
reported by Axelrod and Hamilton 
(Science 211; 1390, 1980), ina paper whose 
title I have stolen for this News and Views 
article. In two computer tournaments, 
Axelrod solicited strategies for playing the 
Prisoner’s Dilemma game (with the 
specific pay-off matrix defined above) 
from game theorists in economics, 
sociology, political science, mathematics, 
physics and evolutionary biology. The first 
tournament involved a total of 15 entries 
which were paired against each other ina 
round robin tournament, with each contest 
lasting 200 moves. The 15 strategies varied 
from the very elaborate (“An example is one 
which on each move models the behaviour 
of the other player as a Markov process, 
and then uses a Bayesian inference to select 
what seems the best choice for the long 
run’’), to one in which each choice was 
totally random. Thewinning strategy wasa 
simple one entered by Anatol Rapoport (of 
the Institute for Advanced Study at 
Vienna). Called TIT FOR TAT, it 
cooperated on the first move, and there- 
after did whatever its opponent did on the 
previous move. Axelrod’s second, larger 
tournament had 52 entries from six 
countries, and the pairwise contests lasted 
an average of about 200 moves 
(specifically, there was a probability 
w= 0.99654 that any given move would not 
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TAT emerged clearly triumphant. 

In retrospect the success of TIT FOR 
TAT can be attributed to three features: it 
was never the first to defect, it immediately 
retaliated when provoked, and it was 
forgiving after just one act of retaliation. 

TIT FOR TAT’s emergence as the ‘best’ 
strategy from the maelstrom of contenders 
in Axelrod’s tournaments depends 
explicitly on the protagonists meeting 
again and again. Pursuing this aspect of the 
problem in an analytical way, Axelrod and 
Hamilton show that (with the pay-off 
matrix defined above) TIT FOR TAT will 
always win provided the probability, w, for 
a given pair of players to meet again 
exceeds 2/3. More generally, if the reward 
for mutual cooperation is R units, for 
mutual defection is P units, and for 
cooperation—defection is T to the defector 
and S to the cooperator, then the strategy 
of TIT FOR TAT will dominate all others 
provided that the probability, w, of a sub- 
sequent encounter exceeds 


(T - RVR ~ $) 


Notice that, in this general case, we must 
have T>R>P >S for the Prisoner’s 
Dilemma to exist; also we require that 
R>(S+ T)/2 (otherwise alternation of 
cooperation and defection is superior to 
sustained mutual cooperation). 

These heuristic and theoretical studies of 
the Prisoner’s Dilemma are of interest in 
their own right. Axelrod and Hamilton, 
however, go further to make a convincing 
case that this model sheds light on the way 
cooperation may evolve by darwinian 
selection in the natural world, among 
groups of individuals who are not 
necessarily closely related. 

Axelrod and Hamilton emphasize that a 
formal theory for the evolution of 
cooperation needs to answer three 
questions. First, how can a cooperative 
strategy get an initial foothold in an 
environment which is predominately non- 
cooperative? Second, what type of strategy 
can thrive in a varied environment 
composed of other individuals using a wide 
diversity of more or of less sophisticated 
strategies? Third, ‘‘under what conditions 
can such a strategy, once fully established, 
resist invasion by mutant strategies (such as 
‘cheating’ by pure defectors)?’’ The studies 
of TIT FOR TAT answer these questions 
about initial viability, robustness and 
stability. Provided the probability that 
interaction between two individuals will 
continue is sufficiently great, cooperation 
based on reciprocity can indeed get started 
in an asocial world, can flourish in a 
variegated environment and can defend 
itself once fully established. 

In sketching tentative biological 
applications of their ideas, Axelrod and 
Hamilton note that there are two main 
requirements for cooperation to evolve by 
this broad route. The first is that ‘‘an 
individual must not be able to get away 
with defecting without the other indi- 
viduals being able to retaliate effectively. 


The response requires that the defecting 
individual not be lost in an anonymous sea 
of others. Higher organisms avoid this 
problem by their well developed ablity to 
recognize many different individuals of 
their species, but lower organisms must rely 
on mechanisms that drastically limit the 
number of different individuals or colonies 
with which they can interact effectively’. 
The second requirement is that the prob- 
ability w for the same two individuals to 
meet again must be sufficiently high. 

One way to help keep the interactants 
together is to use some fixed place of 
meeting. Thus aquatic cleaner mutualisms 
(in which a small fish or a crustacean 
removes and eats ectoparasites from the 
body, or even the inside of the mouth, of a 
larger fish which is its potential predator) 
‘occur in coastal and reef situations where 
animals live in fixed home ranges or 
territories”; they seem to be unknown in 
the free-mixing circumstances of the open 
sea. Pursuing this line, the authors also 
argue that ant colonies participate in many 
cooperative mutualisms, whereas 
honeybee colonies — which are much less 
permanent in place of abode — have no 
known cooperative symbionts but many 
exploitative parasites. 

An important simplification in the work 
of Axelrod and Hamilton, and in 
Axelrod’s computer tournaments, is that 
all pay-offs are counted equally. The 
future is not discounted. In many 


biological applications, however, future 
gains (measured in terms of reproductive 
effort or other coinage related to darwinian 
‘fitness’) may be worth much less than 
current gains. One offspring in the hand 
can literally be worth two in the future. I 
think Axelrod and Hamilton’s analysis can 
be widened to include such discounting of 
future gains, at least in simple cases, by 
formally redefining the probability of 
future encounters, w, to include an 
appropriate discount factor. If this is so, it 
adds a further requirement that must be 
satisfied before cooperation can evolve: 
not only must there be a sufficiently high 
probability that any two protagonists will 
encounter each other again, but also the 
gains from such future encounters must 
not be too heavily discounted. This 
consideration is an additional restriction 
on the biological circumstances under 
which cooperation may be able to evolve 
along the lines envisioned by Axelrod and 
Hamilton. 

In a survey of organisms ranging from 
bacteria to primates, Axelrod and 
Hamilton indicate many examples where 
aspects of territoriality, mating systems or 
disease may be related to the evolution of 
cooperation. Intriguing though these 
speculations are, I think the real 
importance of their paper is in providing a 
rigorous, formal example of a mechanism 
whereby cooperation based on reciprocity 
may evolve. ie 


New twists to DNA and DNA- 
carcinogen interactions 


from Stephen Neidle 


THE discovery of left-handed DNA 
structures (the Z forms) has undoubtedly 
provided a major impetus to the re- 
awakening of interest both in nucleic acid 
structure generally and in wider questions 
of nucleic acid recognition. Such 
recognition, whether by proteins (see D.R. 
Davies News and Views 290; 736, 1981), or 
by smaller molecules such as drugs, 
mutagens and carcinogens, must to some 
extent be specific to the sequence of the 
nucleic acid residues involved. It is now 
apparent from the crystal structure 
analysis! of the dodecanucleotide DNA 
fragment d(CGCGAATTCGC6O) that sub- 
tle, yet distinctive, sequence-dependent 
structural features occur at differing points 
on a classical right-handed B-DNA-type 
double-helical nucleic acid. These are seen 
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in an extreme form in an alternating dG-dC 
sequence which has the potential of 
existing in the very different Z-DNA left- 
handed form. It is thus in principle 
interesting to ask whether such aberrant 
regions of structure are involved in 
recognition processes. 

A central question concerns the co- 
existence of left- and right-handed helices 
within the same trait of DNA. Recently, it 
has been reported that oligomeric (dG-dC) 
fragments of known size have been success- 
fully inserted into DNA restriction 
fragments?. Both circular dichroism and 
phosphorus CP) NMR measurements 
showed that these alternating sequences 
behaved in a manner typical of the B> Z 
transition induced by increases in salt 
concentration. Since the non-alternating 
sequences in the fragments studied did not 
show such behaviour, it is clear that both 
forms of DNA can co-exist, with a roughly 
eleven-base pair interface between them. 
The visualisation of this intermediate area 
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will surely provide fertile ground for the 
model-builders, at least until relevant 
crystal structures are obtained. Even 
though the result implies that a 
considerable length of (dG-dC) oligomer is 
required for full Z character to be shown in 
between these interfacial regions, it is not 
unreasonable to suppose that rather 
shorter (dG-dC) traits will have some 
abnormal structural character. 

The salt-induced conformational 
transition of DNA (B—> Z) is the basis of all 
experimental probes of left-handed DNA 
in solution. However, it remains true that 
until recently, it has been no more than a 
strong presumption (albeit a logical one) 
that the high-salt form in solution does 
indeed correspond to the left-handed 
structures observed in the crystalline solid 
state. Evidence is now accumulating that 
this assumption is a-valid one. Thus, Sarma 
and his associates? have shown that the 
observed proton NMR‘chemical shift data 
for high-salt poly(dG-dC). poly(dG-dC) 
corresponds very well with the spectral data 
calculated theoretically from a Z-DNA 
helical structure, and not at all with that 
from B-DNA. Furthermore, it is evident 
that this close agreement almost certainly 
excludes other more recherché DNA 
structures, at least in this context. 
Interesting structural questions have been 
posed by the observation’ that the 
alternating copolymer, when fully 
methylated at the cytosine 5 position, 
undergoes a B->Z transition at a roughly 
physiological salt concentration which is 
much less than that required for the 
transition in the unmethylated polymer. 
Since it has often been suggested that CË 
methylation in eukaryotes is related to 
control of gene expression, it is indeed 
tempting to speculate that here, at last, may 
be a role for Z-DNA. Indeed one keenly 
awaits firm evidence that any biological 
function actually does involve a switch of 
DNA helicity from B>Z. The recent 
production of antibodies specific for the Z 
form’ may well prove to be a powerful tool 
for providing such data. 

It was apparent soon after the discovery 
of Z-DNA that certain atoms, such as the 
C-8 of guanine residues, are rather more 
exposed than in B-DNA®. The C-8 site is 
favoured in binding of the tricyclic 
aromatic hydrocarbon derivative 
acetylaminofluorene (AFF), a much- 
studied hepatic carcinogen. In view of this, 
and the knowledge that at least some 
mutational hot-spots (for example in 
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‘Ames-test’ histidine genes of Salmonella 
strains) contain clusters of alternating (dG- 
dC) residues, there has recently been much 
interest in the possibility that Z-DNA is 
involved in carcinogenic processes. 
Interaction of poly(dG-dC). poly(dG- 
dC) with the active species N-acetoxy-AAF 
results in random modification’? of the 
polynucleotide, which then shows ‘Z-like 
character even at low salt concentrations. 
No helix disruption seems to have occurred 
as the polynucleotide is not susceptible to 
S, nuclease which attacks single-stranded 
regions. The physical model that emerges is 
of AAF attaching to guanine residues 
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which then for purely steric reasons have to 
be in the syn conformation of Z-DNA 
itself. On the other hand, with non- 
alternating (essentially random) sequences 
AAF binding involves some local 
destabilisation of the double helix, such as 
is suggested by a base displacement model’. 
This has the syn guanine residue no longer 
paired but swung out and displaced from 
the double helix. One suspects: that these 
two types of AAF-binding models are 
actually closely related in structural terms. 
It will be of some interest to see how they 
differ biologically, such as in their 
susceptibility toexcisiøn repair. K 


Diphtheria toxin: which route 


into the cell? 


from Simon van Heyningen 


A single molecule of diphtheria toxin can 
kill a eukaryotic cell. Several other 
bacterial protein toxins also have 
comparable activity and all are large 
molecules which have to penetrate the cell 
membrane before they can act. Diphtheria 
toxin was the first of these to be 
understood, at least in outline, but several 
important details have only recently been 
published. 

Diphtheria toxin (molecular weight 
60,000) is made up of two polypeptide 
chains, fragment A (21,000) and fragment 
B (39,000), linked by a disulphide bond. 
The toxin first binds to cells through the B 
fragment. This leads to the entry into the 
cell of fragment A — which then folds to an 
active conformation, and catalyses a 
reaction in which the ADP-ribose of NAD 
is transferred to elongating factor 2 (EF2), 
an essential protein component of 
ribosomal protein synthesis. Since ADP- 
ribosylated EF2 is inactive, protein 
synthesis stops and the cell dies. It is 
because fragment A is an enzyme that the 
toxin is so active. 

Fragment A is highly specific. Its only 
significant substrate is a single amino acid 
residue in EF2 whose structure has recently 
been determined by NMR!. It is a complex 
derivative of histidine named ‘diph- 
thamide’, 2-(3-carboxyamido-3-[tri- 
methylammonio] propyl)histidine. The 
specificity of the toxin is not, however, just 
for diphthamide, but for something more 
complicated: peptides containing 
diphthamide isolated from tryptic digests 
of EF2 are not ADP-ribosylated. 

Since the toxin ADP-ribosylates the EF2 
of all eukaryotes (and even of the 
archaebacteria), diphthamide must be 
highly conserved. The amino acid sequence 
around it also shows little species variation. 
It is hard to believe that so complicated a 


modification has evolved to provide a 
substrate for diphtheria toxin, ‘so° one 
might expect diphthamide to be required 
for the action of EF2. Surprisingly, 
however, mutants that lac 

(and are insensitive to toxin) s 
defect in protein synthesis. These 
can be divided into three comple 
groups, in agreement with the number of 
enzymic modifications which the structure 
of diphthamide suggests would be needed 
to make it from histidine. Diphthamide is 
presumably also the substrate for ADP- 
ribosylation by the toxin. of Pseudomonas 
aeruginosa, which works in a very similar 
way, but not for cholera of E. coli toxins 
which are less specificand ADP-ribosylate 
different proteins. 

Before fragment A can haveits effecton. 
EF? it first has to pass into the cell: Entry’ 
begins with the binding of fragment B toa 
receptor on the outside of the cell 
membrane. The nature of this receptor was 
unknown until recently (although it had 
been mapped on the human chromosome); 
but is has now been identified as a 
glycoprotein that can be isolated from 
guinea-pig cells by immunoprecipitation’. 
It is not a true receptor in the 
endocrinological sense, since binding to it 
does not in itself have any effect. Rather, it 
is a prerequisite for entry that the toxin 
birds firmly to the cell. Quite different 
ways of doing this are effective; derivatives 
of fragment A with other cell-surface 
ligands such as antibodies or even subunit 
B of cholera toxin car still enter the cell. 

Once the toxin is bound there are two 
different ways in which the A fragment 
could enter the cell. It could cross the 
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membrane directly (either by itself or witha 
carrier), or it could be endocytosed, in 
which case the problem of ‘crossing the 
membrane into the cytosol would still 
remain. For this and other reasons, 
endocytosis has not been a favoured 
hypothesis, but some new experiments 
have made it seem much more likely’. 

Uptake of toxin is greatly increased at 
low pH. When cells are exposed to toxin at 
pH 4.5 for ten minutes, the rate of decrease 
in protein synthesis is the same as it would 
have been using a thousand times as much 
toxin at neutral pH. As the pH is low in the 
lysosomes, the results immediately suggest 
that that is where toxin might normally 
enter the cell. There is other evidence that 
this is what happens. When the pH inside 
the lysosomes is increased by incubating 
the cells with ammonium chloride, the 
toxin is very much less active (although its 
binding to the cell surface is not decreased). 
However, this protective effect of 
ammonium chloride is abolished if the cells 
are exposed to low pH for even as little as 20 
seconds. Experiments using antisera 
suggest that, at neutral pH, toxin is trapped 
in intracellular vesicles, but, at low pH, it 
can penetrate the membrane directly; 
lysosomes are no longer involved and so 
ammonium chloride has no effect. — 

What may normally happen is that the 
toxin is taken up by endocytosis into 
intracellular vesicles which then fuse with 
lysosomes. Most of the toxin will be 
destroyed by the lysosomal enzymes, but at 
the low pH in the lysosomes, a few 
molecules of fragment A will escape into 
the cytoplasm. 

How does fragment A penetrate 
membranes at low pH? Recent experiments 
using artificial lipid bilayers may provide a 
clue*. Diphtheria toxin and a mutant (crm 
45) that lacks the receptor-binding region 
of fragment B can bind to these layers and 
form transmembrane channels through 
them. These channels are formed best 
when one side of the membrane is at low 
pH and the other is neutral, and their width 
(perhaps about 18 A diameter though there 
is some disagreement) is probably large 
enough for fragment A to pass through 
provided it unfolds to a fully extended 
form. Fragment A is a very stable protein 
which could easily refold to a native 
conformation afterwards. 

The formation of these channels 
probably involves more than one molecule 
of fragment B transversing the membrane. 
Fragment B is well able to do this: it has a 
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hydrophobic domain that could dissolve in 
the core of the membrane lipids, and a 
hydrophilic domain that could interact 
with the polar head groups’. 

It seems unlikely that the mechanisms 
used by bacterial toxins for entering cells 
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and affecting their metabolism are unique. 
Rather, they may also be used in other, as 
yet unidentified, ways. Study of these 
curious proteins should help the 
understanding of the normal properties of 
cells. 


The actin—myosin interface 


from Howard White 


UNDERSTANDING the molecular mechan- 
ism of muscle contraction will almost 
certainly require a detailed knowledge of 
the structure of, and the interaction 
between, the primary contractile proteins, 
actin and myosin. A simple model in which 
each myosin-S1 binds to a site completely 
contained with a single actin subunit has 
been generally assumed from the binding 
stoichiometry of one myosin-S1 per actin 
subunit. The observation made several 
years ago by Chantler and Gratzer 
(Biochemistry, 15, 2219; 1976) that 
myosin-S! binds to monomeric actin 


. covantly bound to sepharose strengthened 


the case for a simple one-to-one interaction 
between each myosin head and actin 
filament subunit. 

In this issue of Nature (p.301) Mornet et 
al, report that a water soluble carbodiimide 
crosslinks the 95K dalton heavy chain of 
myosin-S! to two actin subunits and 
conclude, that the binding site for each 
myosin-S1 to filamentous actin spans two 
actin subunits or is at least close enough to 
form zero-length crosslinks with two actin 
subunits. Although crosslinking 
experiments of this type have a rather 
perilous history, the authors have devised 
an extensive series of controls that 
considerably strengthen their argument. 

First, the crosslinking reaction is quite 
specific. Actin activated with carbodiimide 
is crosslinked to myosin-S! but myosin-S1 
activated with carbodiimide is not cross- 
linked to actin. The crosslinking reaction is 
prevented by either pyrophosphate or 
MgATP, which specifically dissociates 
myosin-S1 from actin. Second, the 
composition of the crosslinked species, two 
actin subunits and one myosin-Si heavy 
chain, initially suggested by a molecular 
weight of 180K dalton on SDS gels was 
verified by a molar ratio of two? H-actin to 
4C-S1 in the crosslinked polypeptide. 
Third, the possibility that SI binding to 
actin enabled intermolecular crosslinks to 
be formed between actin subunits was 
eliminated by the following experiments. 
Trypsin specifically cleaves the heavy chain 
of myosin-S1 bound to f-actin into two 
peptides of 75K and 22K daltons; cleavage 
of carbodiimide crosslinked 
actomyosin-S! produces two peptides with 
molecular weight of 120K and 64K daltons. 
The proteolytic fragments of the 


crosslinked actomyosin-S1 were identified 
as 22K (S1)-actin and 75K (S1)-actin by 
specific fluorescent labeling of the actin 
and myosin-S! before crosslinking and 
cleavage. 

Hence, two different regions of the 
myosin-S] heavy chain appear to be cross- 
linked to separate actin subunits. The 
authors propose a model in which the 
myosin-S! binds to a site comprising two 
actin subunits on opposite strands of the 
actin helix, However, their data and recent 
three-dimensional reconstructions 
obtained from electron micrographs of 
negatively stained actomysin-S! filaments 
(Taylor and Amos J. molec. Biol. 147,297; . 
1981) are equally compatible with the 
myosin-S1 being bound to two actin 


_ subunits on the same strand of the actin 


filament. 

The enzymatic properties of the 
crosslinked actomyosin may provide a new 
tool to help unravel the increasingly 
complex mechanism of actomyosin ATP 
hydrolysis. Crosslinked actomyosin-S1 
hyrolyzes MgATP at a rate comparable to 
the rate of hydrolysis by actomyosin-S1 in 
solution extrapolated to infinite actin 
concentration. There is, however, one 
notable difference — the large dependence 
of rate upon ionic strength that is so 
characteristic of actomyosin-S1 in solution 
(primarily due to the ionic strength 
dependence of the equilibrium of 
M-ADP-P, + actin = acto-M-‘ADP P,, 
which precedes the rate-limiting step) is 
absent. Crosslinked actomyosin-S1 thus 
appears to provide a covalent model for the 
so-called non-dissociating pathway of 
actomyosin ATP hydrolysis that could 
previously be observed only at a very low, 
non-physiological ionic strengths. 

One may well ask how all of this fits the 
notion of rotation of the myosin heads 
bound to actin — the postulated work- 
producing step of most of the popular 
models of contraction today. The 
molecular basis of muscle contraction is 
indeed far from being solved and continues 
to provide both the structuralists and bio- 
chemists with more riddles to decipher. P 
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Tucson, 
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Models of the oceanic lithosphere derived from constraints imposed by the geology of ophiolite complexes require a magma 
chamber to produce the cumulate and other plutonic portions of the oceanic crust and upper mantle. Evidence from the Bay 
of Islands ophiolite complex indicates that layered plutonic rocks have not formed solely due to differential crystal settling to 
the horizontal floor of a magma chamber, but have formed largely by heterogeneous nucleation and im situ crystallization 
along gently inclined as well as steeply inclined bounding surfaces of a large magma reservoir. Coherent, well defined and 
systematically oriented, large-scale, arcuate patterns described by mesoscopic igneous layering have been identified in the 
plutonic sections of two ophiolite massifs in the Bay of Islands complex. These layering patterns seem tc outline the shape of 
a large, continuously evolving, steady-state magma chamber that extended along a ridge axis and ended at a transform 
fault intersection. 








EVIDENCE from marine geology, geophysics and theoretical 
considerations suggests that steady-state magma chambers may Bay of Islands Ophiolite 
exist beneath fast-spreading accreting plate boundaries'~* while Complex 

only small ephemeral chambers may occur along slow-spreading 
plate boundaries’. Previous models for the evolution of the 
oceanic crust and upper mantle have been built around the Aliséhihorsus timber 
concept of a steady-state chamber and generalized observations Arm Sediments 

from ophiolite complexest®™. Ophiolite complexes provide 
cross-sectional views of large-scale, metamorphic-plutonic- 
volcanic layered sequences widely believed to be on-land 
exposures of ancient oceanic lithosphere'’’”. There is general 
agreement that volcanic rocks and underlying sheeted diabase 
dykes are formed by continuous crustal extension and mag- 
matism at an oceanic spreading centre. The evolution of the 
underlying stratiform plutonic assemblage, however, has been 
modelled in several different ways. All models must deal with 
the problem of producing a subhorizontally layered assemblage 
from a continuously widening subvertical crack. All previous 
steady-state models assume the formation of cumulates occurs 
only along subhorizontal surfaces, but this requires extremely 
large magma chambers” uhless tectonic rotations occur®. Most 
interpretations of ophiolites suggest that cumulate layering 
should be restored to a subhorizontal orientation parallel to the 
large-scale stratiform structure of the complex'*'*'*, Evidence 
from the plutonic sections of the Bay of Islands ophiolite 
complex, however, indicates that ‘cumulates’ have formed along 
steeply inclined magma chamber walls and that the final 
geometry of the fine-scale igneous layering is much more 
complex than that assumed in most previous models or than is 
apparent from reconstructions of dismembered ophiolites. 


Coastal Complex 


Approximate Spreading 
“Flow Lines” 


Bay of Islands ophiolite complex 


The Bay of Islands ophilite complex (Fig. 1) is located along the 
west coast of the island of Newfoundland, Canada. The ophiolite 
is exposed in four large massifs (each ~ 20 km across) which are 
considered to be the dissected remnants of a once continuous 





Fig. 1 Generalized geological setting of the Bay of Islands 
ophiolite complex. Inset shows location in western Newfoundland. 
Boxes a and b show location of sketch maps in Fig. 3. Massifs: TM, 


allochthonous sheet of early Ordovician oceanic crust and upper Table Mountain; NAM, North American Mountain; BMD, Blow- 
mantle. The tectonic setting and rationale for the interpretation Me-Down Mountain; and LH, Lewis Hills. Arrows and dashed 
of the complex as oceanic lithosphere are discussed else- lines indicate trace of inferred seafloor spreading flow lines. 


where'**°, The large-scale stratiform structure of the ophiolite 
complex (Fig. 2) includes (from base to top): metamorphic sheeted diabase dykes, and basaltic volcanic rocks. The Bay of 





tectonic periodotite, ultramafic and mafic plutonic rocks, Islands ophiolite clearly conforms to the current working 

definition of an ophilite complex*’ and includes wide outcrop 
Present address: Geology Department, University of Houston, areas suitable for detailed studies. Although the uppermost 
Houston, Texas 77004, USA. units have in some places been removed by erosion, and some 
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sections are structurally dismembered, uninterrupted sections 
interpreted as exposures of former upper mantle to sea floor, are 
well preserved. 

The Bay of Islands complex may be divided into two petro- 
genetically distinct components (Fig. 2), a residual upper mantle 
assemblage depleted by subcrustal partial fusion and extraction 
of basaltic liquids*?'*?, and a ‘magmatic’ component, the 
assemblage derived by differentiation of those basaltic extracts. 
The magmatic component can be divided into two large-scale 
structural assemblages?’ One is an upper intrusive-extrusive 
carapace of mafic volcanics and sheeted diabase dykes inter- 
preted as the continuously extended and rapidly cooled lid of a 
magma chamber. The second is a plutonic group believed to 
have formed by fractionation of basaltic melt in a crustal-level 
magma chamber. This group includes (from base to top): (1) 
layered ultramafic cumulates, mainly dunite, wehrlite, clino- 
pyroxenite and chromitite; (2) interlayered ultramafic and gab- 
broic cumulates (the transition zone), mainly dunite, wehrlite, 
troctolite, olivine-gabbro and anorthosite; (3) layered gabbroic 
cumulates, mainly troctolite, olivine-gabbro and gabbro; and (4) 
isotropic gabbroic rocks, mainly gabbro and metagabbro. This 
type of plutonic association has been observed in many ophiolite 
complexes and, by analogy to continental stratiform intrusive 
bodies, is interpreted in terms of magma chamber processes !?*, 
We believe that the internal structure of the plutonic group of 
the magmatic component can provide some useful constraints 
on the dimensions and shape of the magma chamber(s) from 
which the complex formed. 

It is assumed in reconstructing the massifs, which are now 
folded on a large scale, that major, lithostratigraphic-unit 
contacts had a subhorizontal orientation before obduction and 
that the mean orientation of diabase dykes was parallel or 
subparallel with the ridge axial plane at the time of formation. In 
general, two distinct types of crustal cross-sections are preserved 
in surface exposures of the complex. One type is reconstructed 
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as an approximately vertical section through the Bay of Islands 
complex and is oriented parallel to a spreading flow line (that is, 
normal to the palaeo-spreading centre and parallel to fracture 
zones). This type of section is exposed in map view of the 
northern three massifs (Figs 1 and 3a) due to tilting of major 
lithostratigraphic units about obduction-related, syn- 
clinal fold axes oriented approximately parallel to the spreading 
direction’. The second type of section is preserved in surface 
exposures of the southernmost massif, the Lewis Hills (Figs 1 
and 34). The Lewis Hills section exposes the intersection of the 
Bay of Islands complex with a subvertical zone containing a 
highly deformed and metamorphosed ophiolitic assemblage, the 
coastal complex, which is interpreted as oceanic crust and upper 
mantle with a history of transform fault tectonics predating its 
juxtaposition with the Bay of Islands complex”””*. The outcrop 
pattern of the Lewis Hills massif is controlled by a large scale, 
obduction-related syncline; its axis plunging gently to the north- 
northwest approximately parallel with the inferred spreading 
direction and the trend of the coastal complex. The western part 
of the massif lies in the core of this syncline and exposes the 
subvertical, highly-deformed coastal complex. The eastern side 
of the massif is tilted to the west and exposes the deeper 
structural levels of the plutonic section and the upper levels of 
the harzburgite section of the Bay of Islands complex. 


Internal structure of the plutonic group 


Contrary to assumptions commonly made in the reconstruction 
of dismembered ophiolite sections, the mesoscopic-scale cumu- 
late layering is generally not parallel to the contacts between the 
large-scale lithologic units as first noted by Dewey and Kidd’. 
Broad arcuate patterns, defined by cumulate layering oriented 
up to 90° oblique to lithologic unit contacts, are observed within 
the plutonic group. Although in detail these arcuate patterns 
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Fig. 3 Geological sketch maps of two areas in the Bay of Islands 
ophiolite complex (see Fig. 1). a, Southern half of the North Arm 
Mountain massif. Shading as in Figs 1 and 2, ruled lines on the 
diabase dyke units are oriented in the approximate direction of the 
mean dyke trend, 6, Central part of the Lewis Hills massif. Light 
grey shading and bold squiggles indicates highly deformed rocks of 
the coastal complex including highly strained ultramafics, 
mertagabbros, amphibolites, and granulites; dark grey shading 
indicates intrusive periodotite bodies of the coastal complex; bold 
dashed lines are chromitite megalens units. Both maps are oriented 
with the mean trend of diabase dykes (the palaeo-ridge axis trend) 
parallel with the longer edges of each map. 


appear to be quite irregular, the large-scale relationships are 
clear. In two of the massifs, North Arm Mountain and the Lewis 
Hills (Fig. 3), detailed mapping has revealed especially well- 
defined arcuate structures described by fine-scale igneous 
layering. The patterns identified in these two massifs, however, 
have very different geometric relationships with respect to the 
inferred spreading direction during formation of the complex. 
(The textural terminology and classifications systems developed 
for rocks believed to have originated by crystal settling?’* can 
be applied to many coarse-grained plutonic rocks regardless of 
origin. We do not interpret layered plutonic rocks of the Bay of 
- Islands ophiolite as cumulates in the genetic sense, but use the 
terms cumulate, cumulus, primocryst, intercumulus and post- 
cumulus because they are descriptive regardless of the rocks 
origin and because a satisfactory, non-genetic terminology is not 
well developed. For further discussions see refs 29, 30.) 

The southern half of the North Arm Mountain massif?" (Fig. 
3a) exhibits the best defined example of this arcuate structure in 
the Bay of Islands complex. We emphasize, however, that 
similar discordant relationships between cumulate layering and 
unit contacts have been mapped in all of the other massifs. In the 
North Arm Mountain massif a nearly complete ophiolite 
sequence is preserved. The present-day erosional surface which 
truncates the sequence is nearly parallel to the inferred seafloor 
spreading flow lines, that is, normal to the mean trend of diabase 
dykes in the sheeted dyke unit. Fine-scale igneous (cumulate) 
layering attitudes within the plutonic group change gradually 
and continuously upward from subparallel to the major litho- 
logic unit contacts (that is palaechorizontal planes) in the basal 
ultramafic and transition zone units to orientations highly 
oblique to these contacts in the gabbroic units. At the upper 
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contact of the layered gabbroic rocks (Unit 3, Fig. 3a), layering 
attitudes are ~90° or even apparently overturned with respect to 
the major lithologic unit contacts, In a reconstructed section the 
discordant fine-scale igneous layering consistently strikes sub- 
parallel to the sheeted dyke direction while defining broad 
arcuate patterns as depicted in Figs 3 and 4. The axis of this arc 
or bend in the layering lies approximately in the plane of the 
major lithologic unit contacts and also in the plane of the mean 
dyke orientations indicating that, as exposed, the pattern essen- 
tially defines a cross-section of a half cylinder whose long axis 
originally lay in a subhorizontal orientation within the ridge 
axial plane. The convex side of the arc points towards the 
spreading direction which is inferred from one-way chilling 
statistics from the sheeted dyke unit and the Sense of shear 
deduced along the coastal complex transform?” 

A single clinopyroxenite-rich ‘megalens’ paralleling fine-scale 
layering occurs within the ultramafic cumulates on North Arm 
Mountain. This megalens varies in thickness from 0 to 300 m 
(Fig. 3a) and consists of aggregates of small lenses or layers of 
dominantly clinopyroxenite, with lesser amounts of inter- 
layered dunite, wehrlite and chromitite. This megale 
traced laterally for over 4.0 km as it cuts oblique 

ultramafic cumulate section. Where the megale 
lower contact of the transition zone, clinapyro 
interlayered with gabbroic rocks. These gabbroic layersi increase 
in abundance with height in the transition zone at the expense of 
clinopyroxenite layers until the megalens cannot. be dis- 
tinguished. 

An important relationship within the plutonic group concerns 
the relative orientations of fine-scale igneous layering, 
megalenses, the contacts between major lithologic subdivisions 
of the plutonic assemblage, and the direction of cryptic chemical 
variations. In continental stratiform intrusions, to a first 
approximation, fine-scale igneous layering is controlled by and 
lies parallel to the various major rock units. It also remains 
orthogonal to the direction of cryptic chemical variations. Fine- 
scale layering and megalenses in the Bay of Islands. complex 
plutonic group, however, consistently maintain an oblique rela- 
tionship to the contacts beween the major | lithologically defined 
subdivisions of the plutonic group and in some cases have trends 
parallel with the direction of cryptic chemical vari: 7 

Similar, but as yet less well-defined arcuate stru ures occur 
elsewhere in the Bay of Islands complex onthe Blow-Me-Down 
Mountain and Table Mountain massifs where highly oblique 
layering relationships are also present. In the Lewis. Hills 
massif”***, a different, but well-defined arcuate structure is 
present (Fig. 3b). Cumulate layering and (ayered cyclic) 
megalens units up to 1.0km thick are mutually parallel 
throughout the plutonic group. In the eastern half of the massif 
these features lie subparallel to the basal contact of the mag- 
matic suite along that contact and in the central part of the massif 
layering is subhorizontal. To the west, however, fine-scale 
igneous layers vary continuously in orientation through approxi- 
mately 90° approaching subvertical adjacent to the coastal 
complex. These layers commonly include local concentrations of 
angular detached blocks of layered gabbro. This geometry and 
these intrusive relationships suggests lapping of the plutonic 
group against the subvertical contact with high-grade 
metamorphic rocks of the coastal complex. The structure 
preserved in the Lewis Hills massif probably formed as relatively 
young crust of the Bay of Islands complex was accreted to older 
deformed crust of the coastal complex at a ridge/transform 
intersection”’**, The axis of the large-scale arcuate structure 
defined in this area lies parallel to the inferred trend of the 
fracture zone and normal to the attitudes of undeformed diabase 
dykes in the massif (that is, approximately perpendicular to the 
axis defined for the northern massifs). 


Interpretation of the internal structure 
of the plutonic group 


Although the large-scale lithologic unit thicknesses and details 
of the internal structure of the plutonic group vary considerably 
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across the Bay of Islands complex", these differences seem to 
represent variations on a fairly simple theme. In the two types of 
arcuate structures described above, mesoscopic and sometimes 
éven larger-scale cumulate layering are clearly not parallel to 
the contacts between the large-scale lithologic units. By analogy 
with the inferred horizontally-layered seismic structure of 
contemporary oceanic crust these contacts probably originated 
in a subhorizontal orientation. Whereas the deepest structural 
levels of the Bay of Islands plutonic group show signs of exten- 
sive subsolidus deformation, we emphasize that the bulk of this 
group has not been penetratively deformed”*****. Therefore, 
we believe that the first-order geometry of layering as described 
above must be the result of igneous processes because we have 
accounted for all obduction or post-obduction structures in the 
reconstructions. 

Numerous studies of igneous plutons with cumulate layering 
indicate that cumulate textures and layering commonly can form 
along subvertical walls of magma chambers as well as sub- 





Fig. 4 a, Block diagram sum- 
marizing the reconstructed pre- 
obduction, post-accretion geology 
and geometrical relationships 
within the Bay of Islands and coas- 
tal complexes. The front face of the 
block diagram is oriented perpen- 
dicular to the spreading direction 
and crosses an inactive transform 
domain (the coastal complex). The 
other face of the diagram is orien- 
ted parallel to the spreading direc- 
tion. b, Block diagram depicting a 
schematic model for the formation 
of the geology depicted in a. 
Orientation of diagram is similar, 
except that the front face is 
coplanar with the ridge axial plane 
and it crosses the transform 
domain at the point at which it 
becomes inactive. The arcuate 
geometry of the fine-scale igneous 
layering and megalenses is the 
product of heterogeneous nuclea- 
tion, in situ crystallization and 
layer formation along the bound- 
ing surfaces of the steady-state 
magma chamber. Shading as in 
Figs. 1-3. S, serpentinite; A, 
xenoliths; small arrows, flow paths 
in the upper mantle, 


horizontal floors”?°**?"**, Integrated field and theoretical stu- 
dies of cumulate rocks suggest that crystals nucleate and grow 
mainly along the margins of large magma chambers rather than 
homogeneously throughout the magma followed by vertical 
settling’. Thus, cumulate layering may mimic the shape of the 
walls of such magma chambers as, we believe, is the case in the 
Bay of Islands complex. Any model for the origin of the igneous 
layering requires formation along the magma/wall (or floor) 
interface and therefore these layers must define isochrons. The 
fact these igneous layers as well as megalens units generally cut 
across major lithologic unit contacts and sometimes parallel the 
general direction of cryptic chemical variation within the plu- 
tonic group of the Bay of Islands complex implies pronounced 
and probably systematic physical and/or chemical heterogenei- 
ties along the bounding surface of the magma chamber. 
Certain detailed aspects of the plutonic rocks, which are 
pertinent to the discussion of the origin of the fine-scale igneous 
layering in the Bay of Islands complex, also support the conten- 
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tion made above on the grounds of layer discordancy that much 
of the plutonic section formed by in situ crystallization processes 
at the bounding surface of the magma chamber. Fine-scale 
igneous layering in the plutonic section generally ranges in 
thickness from less than a centimetre to a few metres. Two types 
of layering are dominant. The first type, designated ‘uniform 
layering’, is characterized. by uniform modal proportions and 
physical and textural properties. The second type, designated 
‘stratified layering’, is characterized by size and/or modal 
stratification. The most common examples of stratified layers in 
the complex are those exhibiting modal stratification, but lack- 
ing size stratification, Size-stratified layers are present only 
locally and layers exhibiting both size and modal stratification 
are rare. Many. of the stratified layers exhibit reversed 
stratification and some single layers exhibit both normal and 
reversed stratification. Where studied in detail”, however, most 
layers (>80%) in the Bay of Islands plutonic sections are 
uniform in character. Consequently, the dominant sequence of 
layer types consists of successive uniform layers with a general 
lack or total absence of interlayered stratified layers. These 
sequences of solely uniform fine-scale igneous layers cannot be 
explained by the ‘intermittent current hypothesis’ proposed by 
Wager and others*”?’ which is a model of layer formation by 
differential crystal settling in conditions of continuous crystal- 
lization within a magma chamber, because’ such a model 
demands that layer sequences be characterized by either alter- 
nating uniform and stratified layers, or successive stratified 
layers. Because of the abundance of sequences exhibiting suc- 
cessive uniform layers without intervening stratified layers, we 
believe the crystal settling mechanism of layer differentiation 
proposed by these workers was probably not important in the 


Bay of Islands complex. Goode? proposed an alternative | 


mechanism involving differential crystal settling, not in condi- 
tions of continuous crystal nucleation, but in conditions of 
discontinuous nucleation. This model can, in theory, explain the 
existence of reversely stratified layers and can account for 
successively repeated uniform layers having a single cumulus 
(that is, primocryst) phase. Successively repeated uniform layers 
having more than one primocryst phase are, however, abundant 
in the transition zone and layered gabbroic units of the complex 
and they are often bounded by sharp form contacts” which 
involve no change in mineralogy, but simple changes in grain 
size, texture, or modal proportions. This type of layer sequence 
is not predicted or readily explained by this alternative model of 
layer development by differential crystal settling. We suggest 
that the sequences of layer types observed in the plutonic section 
of the Bay of Islands may be more appropriately interpreted in 
terms of in situ crystallization models rather than differential 
crystal settling models. 

Comb layering**”*, inch-scale layering“ and intercumulus 
layering” are locally abundant in the plutonic section and 
constitute layer types which are interpreted to form by in situ 
crystallization processes™*°?*"*, Colloform growth structures 
similar to those described within the marginal border group of 
the Skaergaard intrusion” and layers exhibiting discontinu- 
ous protrusions which resemble reef-like growth structures and 
commonly contain elongate dendritic crystals oriented perpen- 
dicular to the regional strike of more normal layering are also 
commonly observed and can be interpreted in a similar fashion. 
Chromitites exhibiting chain textures occur in the ultramafic 
unit of the plutonic section and may imply in situ crystallization 
and/or heterogeneous nucleation®’. Oikocrystic textures 
characteristic of some wehrlitic and feldspathic dunites and 
some gabbroic rocks are difficult to interpret as the result of 
crystal settling and accumulation processes followed by in situ 
post-cumulus oikocrystic growth”, rather, the lack of a self- 
supporting crystal framework of supposed, smaller primocryst 
phases included within the larger, supposed post-cumulus 
oikocrysts may indicate a wholly in situ origin for these rocks. 
Considered with evidence on the discordancy of the fine-scale 
igneous layering, we interpret these data to indicate that the 
bulk of the plutonic section has formed as the result of nuclea- 
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tion and growth of crystals at the bounding surface of the magma 
chamber. Heterogeneous nucleation of crystals at the margins of 
the chamber may, in part, be the result of the very low degrees of 
super-cooling expected in the interiors of extremely large 
magma chambers at mid-ocean ridges. 

Lateral continuity to thickness ratios of fine-scale layers are 
very small in comparison to most continental layered mafic 
intrusion?“ and even the thickest layers can seldom be 
followed for more than 50 m along strike. While lithologically 
distinct megalens units within the plutonic sections can be 
followed for significant distances along strike (as muchas km), 
their constituent fine-scale layers are also-lens-like pinching out 
in either direction along strike over as much as 50 m or as little as 
1 m. If these layered plutonic rocks form due to in situ crystal- 
lization, the lack of lateral continuity must be interpreted as the 
result of fairly significant lateral changes in physico-chemical 
conditions on a scale approximated by the lateral continuity of 
the layering. This may indicate that the edges of the magma 
chamber were periodically or continuously characterized by a 
fairly stagnant boundary layer™ in which diffusion-controlled 
differentiation processes might be operative. 

In the northern three massifs the arcuate shapes defined by 
cumulate layering are interpreted as profiles generated suc- 
cessively along one side of an elongate cylindrical magma 
chamber. We prefer to interpret this structure as the product of 
progressive growth of the plutonic assemblage as it rode first 
upwards and then laterally away from the spreading centre axis 
above a depleted-upper-mantle conveyor: belt (Fig. 4). The 
suggested structure (Fig. 5) is very similar to a first approxima- 
tion to the “infinite onion” model first proposed by Cann®. In 
fact, the details of the reconstructed profiles in the Bay of Islands 
complex are even more onion-like than those of Cann’s 
theoretical model, however, the genetic distinctions made by 
Cann between cumulate, layered gabbro and isotropic, plated 
gabbro do not seem to apply here. 


4 


The magma chamber profiles and major lithologic units of the 
plutonic section observed in the Bay of Isiands complex seem to 
be continuous and systematic and to tack large-scale trun- 
cations. This strongly suggests that a steady-state magma 
chamber was present. The longest axis of the chamber was 
parallel to the ridge axis; its ultimate length being limited by its 
truncation at fracture zone intersections: The minimum: height 
of the magma chamber can be estimated from the thickness of 
the plutonic group to be ~6 km. While allowing for possible 
rotation of unit contacts in the structurally deepest regions due 
to the motion of the underlying residual upper mantle, reason- 
able estimates of maximum magma chamber height based on the 
North Arm Mountain structure would range from 6 to 8 km if 
measured at the precise ridge axis. Assuming bilateral sym- 
metry, the width of the chamber could have been as much as 
14-16 km based on the length of the clinopyroxenite megalens 
and the trajectory of fine-scale igneous layering in the overlying 
transition zone and gabbroic unit. Such a large magma chamber 
is not inconsistent with theoretical thermal calculations” and 
seismic results*?'* for mid-ocean ridges with fast spreading 
rates. 

The magma chamber profiles described above appear to be 
quite variable as layering trends are often very irregular locally. 
Even in map areas adjacent to those described here similar 
large-scale arcuate structures are not well defined. These areas 
are characterized by highly variable discordant layer orlen- 
tations and may reflect considerable unevenness in the 
morphology of the chamber walls in time and space. Some of 
these irregularities might evolve due to magma current erosion 
and/or the growth of reef-like protrusions formed by localized 
rapid growth at points along the walls’. Localized fracturing 
and cooling of the crust by hydrothermal circulation might also 
cause cold spots along chamber walls where crystallization might 
occur at an accelerated pace. 

In the Lewis Hills massif, an arcuate profile oriented approxi- 
mately perpendicular to those in the northern massile exists. 
This structure is interpreted as the result ef vertical pinching-out 
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Fig. § Schematic models for the 
formation of oceanic lithosphere 
depicted by cross sections oriented 
perpendicular to a fast (10 em yr™! 5 
half spreading rate) spreadin 
centre (a) and a slow {2 em yr™ ) 
spreading centre (6). Shading as in 
Fig. 2. a is based on the geology 
and approximate unit thick 
nesses observed for the North 
Arm Mountain section. An 
intrusive/extrusive carapace of 
pillow lava, diabase and some 
underplated gabbro floating over 
magma chambers of different 
widths and different shapes are 
depicted. Chambers are situated 
over the diverging limbs of 
depleted upper mantle. Bold 
dashed lines indicate 1.25 x 10° yr 
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magma chamber“ which is ultimately determined by the spreading rate**?, The final fine-scale igneous layering geometry is determined by the 


size and shape of the former magma chamber. 


of the magma chamber where it was truncated at a ridge-ridge 
transform fault. The structure seems to indicate that the lower 
surface of the magma chamber shallowed considerably at this 
intersection while the seafloor presumably deepened. Assuming 
no major change in the level of the top of the harzburgite unit, a 
relatively thin overlying gabbroic unit is inferred (Fig. 46). 
Overall the structure suggests decreasing height of the magma 
chamber as the fracture zone intersection is approached, Lateral 
dimensional changes cannot be clearly resolved in the preserved 
layering geometry. Very irregular layering, abundant gabbro 
xenoliths, and periodotite plutons obscure the details of the 
layering in the central part of the Lewis Hills massif along the 
preserved magma chamber truncation. The increase in relative 
thickness of ultramafic cumulates in addition to the shallowing 
of the chamber floor could result in progressive shallowing of the 
Moho near fracture zones as documented by recent marine 
seismic refraction studies”. 


Model of plate accretion 


A mid-ocean ridge environment represents a site of mantle 
upwelling as well as mantle divergence“* in which the mantle 
flow direction makes a right angle turn from vertical beneath the 
ridge to horizontal on its flanks. In such a case the ‘frozen in’ 
mantle flow lines will be only moderately inclined to be 
horizontal on the ridge flanks. When viewed on a large scale this 
upwelling can be modelled in terms of divergent flow of a viscous 
fluid**. As in any such viscous flow, the mantle fiow rising and 
diverging beneath an oceanic ridge follows smooth curved paths. 
Asharp right angle turn of the flow lines is not possible because 
it would require infinite acceleration at the inflection point. 


Nelson* has suggested that the surface of the upwelling mantle 
must, in effect, define an axial valley of some finite width and has 


‘modelled the variable topography along mid-ocean ridges in 


terms of mantle divergence and the equilibrium size of the 
sub-axial magma chamber. 

The structural data from the tectonites of the upper harz- 
burgite section and the lowermost plutonic section of the Bay of 
Islands complex are consistent with the mantle upwelling model. 
The tectonite lineation direction, interpreted to lie close to the 
plastic flow direction, is subparallel to palaeohorizontal surfaces 
and subperpendicular to the mean dyke orientation. Both the 
foliation and lineation have been ‘frozen’ into a subhorizontal 
position which lies close to the predicted flow direction in the 
mantle**“*, 

The contact between the rocks of the plutonic group and the 
residual harzburgite of the ophiolite which seems to be sub- 
horizontal represent an unconformity between rocks of mag- 
matic origin and depleted upper mantle origin. The existence of 
this sharp contact requires the surface of residual mantle to 
intersect the base of the crustal level magma chamber at some 
time®, The most likely place for the creation of this contact is 
near the axis of divergence where the ‘surface’ of the upwelling 
residual mantle is, in essence, continually being created. 

Because the lowermost plutonic section is affected by the 
same high temperature ductile deformation that affects the 
residual harzburgite, internal deformation must occur here 
while accretion of the plutonic section onto the surface of the 
upwelling mantle proceeds. The flow lines in the overlying 
plutonic rocks will grossly parallel the flow lines of the surface of 
the upwelling mantle as they are progressively accreted, while 
the carapace of the magma chamber which probably has a bulk 
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density equal to or less than the magma below”’ simply ‘floats’ 
on top of it. The carapace of the chamber, and therefore the sea 
floor, will not necessarily mirror the surface of the upwelling 
mantle until the entire thickness of the crust has solidified at the 
outermost extremity of the magma chamber. The equilibrium 
size of the magma chamber, largely dictated by spreading 
rate’*?, will determine the ridge topography** (Fig. 5). 

From the point of formation of the surface of the mantle (the 
axis of divergence) the plutonic section will gradually be 
accreted and thicken largely by heterogeneous nucleation and in 
situ crystallization at the bounding surface of the magma cham- 
ber, until at the outer margin of the steady state chamber the 
crust is completely solidified. The layer pattern preserved in 
plutonic section will outline the former surfaces of the chamber 
and therefore represent isochrons. Identification of a pattern 
will depend on regularity in the shape of the chamber, and if 
delineated, will conform to the size and shape of the magma 
‘chamber. The shape and size defined by the layering pattern is 
unlikely to be the same in every ophiolite and in the simplest 
case the equilibrium size of the chamber ultimately depends on 
spreading rate’. Therefore, an estimate of relative spreading 
rate within ophilolites may be made using the chamber dimen- 
sions defined by these profiles. Where spreading rates are very 
slow or where non-steady-state episodic spreading occurs 
magma chambers may become so narrow that they periodically 
solidify completely. Large-scale truncations of the layered 
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structure and lithologic units would be expected to result in such 
cases. We see no such evidence at present in the Bay of Islands 
complex. Given this and the observed dimensions inferred from 
the layering profiles, a relatively fast spreading history is infer- 
red. High temperature ductile deformation of the lower plutonic 
section in some cases may obscure the original angle of inter- 
section. 

Regular well-preserved and ordered stractures such as those 
described here may be rare in ophiolite complexes. However, 
identical patterns have been described fer the Semail ophiol- 
te*’, On the other hand, if such relations have been overlooked 
or distorted by forcing all cumulate layering into a reconstructed 
subhorizontal orientation, as is commonly required, serious 
errors in layer thickness estimates could result. This might 
partially account for small apparent thicknesses of ophiolites 
relative to the seismic thickness of the oceanic’ crust” 
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The topography of the rigor complex between F-actin and myosin heads (S1) has been investigated by carbodiimide 
zero-length cross-linking. The results demonstrate for the first time that the 95,000-molecular weight (95K) heavy chain of 
the myosin head enters into van der Waals contact with two neighbouring actin monomers; one is bouad to the SOK domain 
and the other to the 20K domain of the myosin chain. The covalent F-actin~S1 complex can be isolated; it shows a vastly 


elevated Mg”* 
of a myosin head and stimulation of its Mg?* 


-ATPase. Each pair of actin subunits in the thin filament seems to act as a functional unit for specific binding 
-ATPase activity. 





MUSCULAR contraction and cell motility are thought to 
operate by a cyclic displacement of myosin heads (S1 ‘cross- 
bridges’) along the actin filaments. The mechanical force is 
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generated at the myosin—actin interface and is coupled to Mg’*- 
ATP hydrolysis catalysed by the actin-myosin complex. The 
mechanism of the interaction is poorly understood, 

The aims of the work reported here were to identify the 
participating elements and elucidate the main structural features 
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of the actin-myosin head interaction region and to establish the 
relationship of this van der Waals complex to actin activation of 
the myosin ATPase activity and cross-bridge function. Using a 
chemical cross-linking reaction as a molecular probe, we have 
investigated the mode of attachment of S1 heavy chain to 
F-actin in a variety of experimental conditions, and have 
identified the covalently associated actin-S1 entities formed. 
We have also determined the enzymatic properties of the 
myosin heads consequent on their irreversible attachment to 
F-actin in defined conditions. 


Experimental strategy 


Our experiments were based on three critical parameters. (1) 
Cross-linking reactions were performed on rigor complexes of 
F-actin using the following: native chymotryptic $1 (Al + A2), 
S1 (A1), S1 (A2)' and the three tryptically fragmented S1 
derivatives’*, the heavy chain of which is a complex of two or 
three fragments: (27K~SOK-20K) (molecular weights 27,000- 
50,000-20,000)~S1, (27K-70K)-S1 and (75K-22K)-S1. These 
. proteolytic S1 derivatives result from restricted tryptic hydro- 
lysis of S1 in the absence and presence respectively of F-actin, 
which specifically modulates the breakdown of a 2K segment 
linking 50K and 20K fragments and confers protection against 
loss of actin~S1 Mg’*-ATPase®. All these derivatives interact 
reversibly with actin. The fragmented nature of their heavy 
chain allows direct identification of the parts of the chain which 
are engaged in cross-linking with actin. In preliminary experi- 
ments, cross-linking reactions were also carried out using heavy 
meromyosin (HMM)', 

(2) Before cross-linking, rigor actin~S1 complexes were 
prepared, in which either the actin or the S1 (or its derivatives) 
were labelled with the fluorescent dye N-(iodoacetyl)-N’- 
(1-sulpho-5-naphthyl)ethylenediamine (1,5-IAEDANS), the 
actin at cysteine 373 and the S1 at SH, thiol group’. This 
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Fig. 1 SDS-gel electrophoretic analysis of actin-S1-containing cross- 
linked products, F-actin purified according to Spudich and Watt’? was 
weshed and equilibrated by sedimentation in 100 mM 2-N-morpholino- 
ethanesulphonic acid (MES), pH6.0, then immediately incubated 
(2.5 mg ml') with 15 mM EDC (added as a solid) in the MES buffer for 
2 min at 20 °C. A sample aliquot was mixed with 5~10 volumes of $1 solution 
in the same buffer (final molar ratio of actin/S1 = 2). After 10 min at 20°C, 
samples (=35 ug S1) were submitted to SDS-polyacrylamide slab gel elec- 
trophoresis (5-18% gradient acrylamide) using a 50 mM Tris/100 mM boric 
acid buffer system”. Gels were viewed using long-wave UV light and stained 
with Coomassie blue. Before use, F-actin or S1 was made fluorescent with 
1,S-IAEDANS according to Takashi’? and Duke et al.*°, respectively. A, 
protein bands stained with Coomassie blue after reaction of $1 with EDC- 
activated actin; this pattern is unchanged when labelled S1 or labelled actin is 
used. B, fluorescent bands produced by reaction of IAEDANS-S1 with 
activated F-actin. C, fluorescent species produced by reaction of $1 with 
activated IAEDANS-actin. D, pattern of fluorescence in the EDC-activated 
IAEDANS-actin control. No change in $1 pattern was observed when the 
cross-linking reaction was processed in the absence of actin. 
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procedure allowed direct identification of actin and 20K 
peptide-containing material (SH, is located in the 20K unit") 
in the observed cross-linked products. The molar ratios of 
actin/S1 present in cross-linked species were estimated quan- 
titatively. This was done by measuring the *H/‘‘C ratio in the 
species resulting from cross-linking reactions performed on 
complexes of actin and S1, labelled at the sites mentioned above 
with °H-iodoacetic acid and ‘C-iodoacetamide, respectively. 

(3) Cross-linking reactions were catalysed with 1-ethyl-3 
(3-dimethylaminopropyl)carbodiimide (EDC), a water-soluble 
carbodiimide that forms zero-length covalent bonds between 
amino and carboxyl groups in the contact area between two 
proteins. Most experiments were done using our highly versatile 
two-step procedure. First, actin was treated with EDC (activa- 
tion phase), then an aliquot of the activated protein was mixed 
with a solution of S1, to give at least a fivefold dilution of the 
actin (condensation phase). This second step ensures a simul- 
taneous quenching of the initial EDC reaction and covalent 
association of the two proteins. This procedure avoids most of 
the disadvantages of the usual one-step method; it suppresses 
intramolecular cross-linking when fragmented S1 or double- 
headed HMM are used, it allows the two phases of the reaction 
to be carried out separately in specific optimal conditions, and it 
also permits the controlled EDC-activation of either actin or S1 
at will, and thus affords information on the compositions of both 
proteins at the interface. 


Specific binding of 95K heavy chain to two 
vicinal actin subunits 


Analysis of the products of reaction of EDC-activated actin with 
$1 (A1+A2) by gradient SDS-polyacrylamide slab gel elec- 
trophoresis gave the protein band pattern shown in Fig. 1A. Itis 
characterized by the presence of two new components, both 
present as doublets. Estimations on calibrated 5-18% acryl- 
amide gels indicated that the major species had Ms of 
~180,000 (185,000 and 175,000 for the components of the 
doublet), while that of the other, minor species was 265,000 
(260,000 and 270,000). The distribution of the fluorescence in 
the protein bands formed from EDC-treated rigor complexes 
containing either fluorescent actin or fluorescent $1 demon- 
strated unequivocally that the two protein doublets were 
covalently cross-linked adducts of actin and $1, as label from 
either source was incorporated (Fig. 1B, C). They were some- 
times accompanied by traces of two components which were 
fluorescent only when fluorescent actin was used and which were 
found in the EDC-actin control (Fig. 1D). Their electrophoretic 
mobility is consistent with their assignment as intramolecularly 
cross-linked actin dimers and trimers. The exact origin of the 
actin-S1 protein doublets is unknown but it does not arise from 
the heterogeneity associated with the presence of heads bearing 
different alkali light chains, as similar results were obtained with 
purified $1 (A1) and S1 (A2). 

While the minor 265K product is sometimes absent, the major 
180K derivative is always abundant in a wide range of experi- 
mental conditions (pH 6-7.5 at 0-20°C and ionic strength 
0.01-0.1 M in non-nucleophilic buffer). In optimal conditions 
~30% ‘of $1 becomes covalently bound to F-actin as determined 
by sedimentation (see below), However, no cross-linking occurs 
when activated actin is reacted with $1 in the presence of 
Mg’*-pyrophosphate or Mg’*-ATP (5 mM), which are known 
to dissociate the actin-myosin complex, and more importantly, 
no covalent association can be obtained between native actin 
and EDC-activated S1 (although the reagent does react appre- 
ciably with $1 carboxyl groups in the standard conditions of the 
activation reaction). The absence of covalent links between 
activated S1 and actin is not due to any effect of EDC on the 
reversible association between S1 and actin, as the 180K 
product is readily formed when the cross-linking reaction is 
done using the conventional one-step procedure. Therefore the 
180K complex seems to be the result of a very specific cross- 
linking process which requires the formation of a bimolecular 
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Fig.2 Mapping of the heavy chain segments bound to the actin subunits by 
cross-linking the trypsin-modified $1 derivatives to fluorescent F-actin. The 
tryptically fragmented S1 species were prepared as described elsewhere * 
and condensed to EDC-activated IAEDANS-~actin as described in Fig. 1 
legend; the same procedure was followed for native S1. Samples were 
analysed by electrophoresis on 5-18% acrylamide slab gels. A, protein 
banding pattern after staining with Coomassie blue. Lanes a and j, protein 
markers: ferritine (M, 220,000), y subunit of Escherichia coli RNA poly- 
merase (165,000), B-galactosidase (130,000), bovine serum albumin 
(68,000), catalase (60,000), aldolase (40,000). Lanes b and c, native $1+ 
labelled actin before and after cross-linking. Lanes d and e, labelled actin + 
(75K~22K)-S1 before and after cross-linking. Lanes f and g, labelled 
actin + (27K-70K)-S1 before and after cross-linking; h and i, labelled 
actin + (27K-50K~20K)-S1 before and after cross-linking. B, location on gel 
of fluorescent actin-containing cross-linked products. Lane 1, fluorescent 
actin control; 2, fluorescent actin cross-linked to native $1; 3, fluorescent 
actin cross-linked to (75K~22K)-S1; 4, fluorescent actin cross-linked to 
(27K-70K)-S1, 5, fluorescent actin cross-linked to (27K-50K~20K)-S1. C, 
schematic diagram illustrating the relationship of the two actin subunits to 
the segments of myosin head heavy chain. a, Native $1; d-d, typically 
fragmented S1 derivatives. 
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Table 1 Estimation of the actin/S1 molarratio present in the 
cross-linked 180K produet 
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*H-carboxymethyl actin (prepared according to Takashi etal, ™)(~2.0°H per 
mol protein, 18 mCi mmo!™') was activated with EDC and reacted with C- 
carboxyamidomethyl $1 (obtained by the same precédure: ~ 1.5 “C per mol 
protein, 45 mCi mmol™') as described in Fig. 1 legend. Samples {~ 100 pg $1) 
were subjected to SDS-polyacrylamide gel electrophoresis (4-18%. acrylamide 
gradient). After staining with Coomassie. blue, the 180K protein doublet was 
isolated as a gel slice; two slices were combined and treated with 1 miot Soluene 
100 at 40°C for 4h. Radioactivity was measured in. 10 mil of scintillator using a 
Packard 3003 counter, Contribution of *H to “C counts was subtracted using 
3H~'*C calibration mixtures. The data shown are from: different cross-linking 
experiments. 


complex in which EDC-activable carboxyl groups on the actin 
are in contact with nucleophilic, probably amino groups on the 
myosin heads. This conclusion agrees with the suggestion made 
by Bárány and Bárány“ that the actin-myosin ‘complex is a 
polyelectrolytic system in which the actin behaves as.a polyanion 
and the myosin as a polycation. In addition, the tonic strength 
dependence of the rate constant of association of actin with 
$1 (ref. 7) indicates an ion-paired charge interaction at the 
recognition site, 

The apparent mass of the 180K species containing both S1 
and actin suggested that it must be generated by the association 
of two actin monomers with a single 95K heavy. chain. The first 
direct evidence for this composition was obtained by determin- 
ing the *H/‘*C ratios of the 180K protein doublet formed by 
cross-linking *H-actin to '*C-$1. The results showed an average 
ratio of ~2 which indicates a stoichiometry of two actin subunits 
per head (Table 1). Peptide mapping of the cross-linked species 
formed by complexes of fluorescent actim with the three tryptic- 
ally fragmented S1 derivatives (Fig. 2A,.B) not only confirmed 
this result but also led to the important conclusion that the two 
actin subunits are not associated by intermolecular EDC- 
induced cross-links but rather are separately and specifically 
bound to two different segments of the 93K heavy chain, that is, 
50K and 20K fragments. Thus (75K~22K)~S1 gives rise to two 
new fluorescent cross-linked products, actin-75K peptide (M, = 
120,000; 120K) and actin-22K peptide (M, = 64,000) (Fig. 2A, 
lanes d and e; B, lane 3). When (27K-70K)-S1 is used, the two 
actin subunits are both bound to the intact 70K segment to form 
the new cross-linked species (actin,~7(K peptide (M, = 1585- 
160,000), Fig. 2A, lanes f and g; B, lene 4). The two actin- 
binding domains present in (27K~50K~20K)-S1 can be charac- 
terized by their ability to cross-link to the pair of actin 
monomers, yielding actin-50K peptide (M,= 94,000) and 
actin~20K peptide (M, = 62,000) (Fig. 2A, lanes h and į; B lane 
5). Interestingly, only the actin.-70K peptide complex, 
containing two actin monomers, yields a doublet on the gel; all 
the other species, including actin~75K peptide, contain a single 
actin subunit and migrate as single bands. This suggests that the 
observed electrophoretic heterogeneity may be due to the 
presence of the pair of actin molecules. We have confirmed the 
distribution of the actin pair between the various heavy chain 
segments (see Fig. 2C) by repeating the above observations with 
fluorescent fragmented S1. Moreover, when the reaction mix- 
ture of EDC-activated fluorescent actin-51 was treated with 
trypsin’, a large amount of actin.-70K fragment was liberated, 
together with smaller proportions of actin-20K peptide and 
actin~50K peptide, which indicates that the actin subunits are 
dispersed in a similar manner on intact S1 and its fragments. We 
have failed to observe a cross-linked species corresponding to 
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Fig. 3 Relationship between S1 binding to actin and the tryptic sensitivity 
of the 95K heavy chain (at low ionic strength, excluding any effect of salt on 
the Sl-actin binding affinity). Tryptic conversion of actin-bound $1 into 
actin-activable (27K~70K)-S1 and actin-nonactivable (27K~SOK-20K)-S1 
derivatives. Samples A, B and C were analysed by electrophoresis as 
described in Fig. 1 legend; S1 fragmented in the absence of actin was used as 
control (lane D). Molar ratios of actin/S1 present in the digestion mixture 
were A =2, B=landC=0.5. 


the direct association between a single actin monomer and the 
intact or fragmented 95K heavy chain. 

A cross-linking study was carried out at different actin/S1 
molar ratios (0.5-10) to investigate conditions which favour the 
formation of the 265K derivative; this showed that the amount 
of the 180K component alone increases with increasing concen- 
tration of actin, reaching a maximal value at an actin/S1 molar 
ratio near 2. In contrast, yield of the cross-linked 265K 
component remains rather low even at an actin/S1 ratio of 1, 
although further studies (see below) showed that all $1 mole- 
cules are bound to actin at this ratio. Thus we assume that rigor 
attachment of an actin pair to the first S1 molecule imposes a 
different geometry on the binding of the second S1 molecule. 
This difference emerges from the capacity of the activated actin 
carboxylates to cross-link the first S1 compared with the much 
less efficient attachment of the second S1 at the topologically 
equivalent second site. This is indicative of the steric non- 
equivalence of the two heads in the complex. 

Strong support for this scheme comes from a parallel study 
undertaken to define the relationship between the tryptic sensi- 
tivity of the SOK~20K junction of $1 heavy chain and the 
relative amount of actin needed to protect it. The actin-$1 
ATPase activity, which depends on the structural integrity of the 
50K~20K join’, is insensitive to trypsin at actin/S1 molar ratios 
22. Below a ratio of 2 it decreases, and at a ratio of 1, when all 
S1 molecules are bound to actin as assessed by turbidimetry and 
sedimentation®, ~50% of this enzymatic activity is lost. The gel 
electrophoretic pattern of the tryptic digest of an equimolar 
mixture of actin and S1 (Fig. 3) clearly indicates the formation of 
two types of S1 derivative in equimolar amounts: (27K-70K)- 
S1 (ATPase activity activable by actin) and (27K-50K-20K)-S1 
(ATPase activity not actin activable). At the critical molar ratio 
of actin/S1=2, only the former active derivative is present. 
Thus trypsin is able to discriminate between the two kinds of $1 
bound to the same actin dimer unit, these being the ‘trypsin- 
sensitive’ and ‘trypsin-insensitive’ species (Fig. 5). We obtained 
similar results with both $1 and myosin in other ionic condi- 
tions’. In this regard, the tryptic susceptibility of the 50K-20K 
junction of S1 heavy chain seems to be an excellent probe of the 
mode of attachment of the head to actin. It indicates also that the 


protective action of F-actin towards the 50K-20K join’ is not 
due to the simple binding of $1 to actin but rather requires a 
specific actin-head recognition interface generated by the asso- 
ciation of an actin dimer with a single S1 molecule in the absence 
of nucleotide. This mode of actin-head rigor interaction prob- 
ably also occurs in vivo, as suggested by the findings of Lovell 
and Harrington’ on the tryptic susceptibility of rabbit skeletal 
myofibrils in physiological rigor conditions. 


Covalent F-actin-S1 complex 


Because the actin- and nucleotide-binding sites in myosin are 
coupled’’, we have examined the effect of covalent association 
of S1 with actin on its Mg’*-ATPase activity. We found that the 
Mg’*-ATPase activity was greatly increased, and Fig. 4A, B 
shows that the extent of the enhancement depends on the time 
courses of the activation of the actin by EDC and of the 
attachment of S1 to the activated actin. The extent of Mg?*- 
ATPase activation is apparently related to the amount of 180K 
product formed; it increases with increasing actin concentration 
and reaches a plateau at an actin/S1 molar ratio near 2. Condi- 
tions (see above) which suppress the 180K species also eliminate 
the ATPase activation. Control experiments have shown that P, 
liberation is not induced by the small amount of free actin 
accompanying §1 in the ATPase assay; in addition, this ATPase, 
in contrast to that of the reversible actin-S1 complex, is not 
affected by increased ionic strength. Finally, a parallel decrease 
in K*-ATPase of the EDC-activated actin-S1 mixture accom- 
panies Mg’*-ATPase stimulation (Fig. 4B). We conclude that 
only the fraction of S1 that is covalently bound to actin is 
responsible for this new enzymatic behaviour and is able to 
catalyse massive hydrolysis of Mg’*-ATP. This is demonstrated 
by ultracentrifugal fractionation of the EDC reaction mixture in 
the presence of Mg”*-pyrophosphate into soluble and insoluble 
$1-containing fractions. The supernatant contains only residual 
S1 (Fig. 4C, lane 2) with unmodified enzymatic activity, but the 
pellet consists of irreversibly actin-bound S1 (Fig. 4C, lane 3) 
and shows elevated Mg**-ATPase, the K*-ATPase being close 
to zero. The former activity remains unchanged when assayed in 
the presence of an added excess of free actin. 

On the basis of the amount of $1 covalently linked to actin, 
estimated spectrophotometrically from the concentration of the 
enzyme in the supernatant®, we have calculated the specific 
Mg**-ATPase activity to be 22+2 mol P, per min per m 
actin-bound S1, which corresponds to a turnover rate of 4087’. 
When compared with the initial value of 0.02 pmol P, per min 
per mg actin-bound S1 (turnover rate = 0.036 s~`' in agreement 
with reported values'), this represents at least a 1,000-fold 
increase in the ATPase; the turnover rate of the covalent 
actin-S1 complex is strikingly similar to the Vmax of the usual 
actin-activated ATPase of S1 (A1 + A2) extrapolated to infinite 
actin concentration’. We refer to this unprecedented accelera- 
tion of Mg’*-ATP hydrolysis catalysed directly in vitro by 
actin-bound S1 as ‘superactivation’, to differentiate it from any 
other activation process observed for this myosin activity in 
vitro, 


Conclusions and implications 


On the basis of these results we conclude that each actin 
monomer has two heavy chain-binding regions, specific for the 
50K and 20K elements, respectively. The myosin head-binding 
unit of the thin filament in rigor conditions would thus be a 
contiguous actin pair. Consequently each functional pair of 
neighbouring actin monomers must have two pairs of head sites 
allowing the stoichiometric binding of a pair of heads (Fig. 5). 
This is supported by the occurrence of the 265K species which 
comprises actin and S1 and whose apparent mass agrees with its 
identity as the product of a pair of 95K heavy chains cross-linked 
with a pair of actin molecules. 

Our results agree with the model recently proposed by Namba 
et al.’ for the thin filament structure of crab striated muscle 
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Fig. 4 Superactivation of the Mg?*-ATPase of S1 covalently bound to 
EDC-activated F-actin. A, dependence of the Mg**-ATPase stimulation on 
the time course of actin activation by EDC. F-actin (2.5 mg mi~) in 100 mM 
MES buffer, pH 6.0, was reacted at 20°C with 15mM EDC (added as a 
solid). At the times indicated, a protein aliquot was withdrawn and mixed 
with 10 volumes of $1 solution in the same buffer (final molar ratio of actin to 

_ S1 = 2); after 10 min of condensation reaction at 20°C, samples (20 ug $1) 
were assayed for Mg”*-ATPase*’. B, dependence of the Mg**-ATPase 
stimulation and K*-ATPase inhibition on the time course of S1 conden- 
sation to EDC-activated actin. F-actin was first activated with EDC for 
2 min, then mixed with $1 in conditions described above for A. At different 
times in the condensation reaction, $1 samples, 20 ug and 25 yg, were taken 
in parallel and assayed for Mg**-A TPase and K*-ATPase, respectively”*. @, 
Acceleration of Mg?*-ATPase activity, and ©, loss of K*-ATPase activity of 
S1 covalently bound to actin. As reversible binding of S1 to actin inhibits the 
K*-ATPase at zero time of the cross-linking reaction”*, the K*-ATPase was 
assayed in the presence of actin (actin/S1 ratio= 2); the value found was 
60% lower than that given by free S1 (@). C, selective separation of the 
covalent actin~S1 complex. After a 10-min period of condensation between 
activated actin and S1, the reaction medium was adjusted to 10 mM sodium 
pyrophosphate, 100 mM KCI, 5mM MgCl, and 50 mM HEPES pH 7.5; 
after centrifugation at 140,000g for 45 min at 4°C, the pellet was gently 
resuspended in the initial volume of a solution containing 10 mM KC] 
1.5 mM MgCl, and 50 mM Tris-HCI pH 8.0. It was subjected, together with 
the supernatant, to electrophoresis on gradient acrylamide gel as described 
in Fig. 1 legend. Lane 1, total reaction medium; lane 2, supernatant 
containing unreacted dissociable S1; lane 3, pellet containing nondissociable 
$1, covalently bound to the actin filament as major actin ,-S1, and minor 

actin .~S$1, species. 





analysed by X-ray diffraction, which showed myosin heads 
attached to pairs of adjacent actin monomers. Actin-20K 
peptide and actin-50K peptide are now being isolated for 
elucidation of the points of contact between actin and the two 
heavy chain segments. Experiments in progress have also 
indicated EDC-induced cross-linking of actin dimers to the 
heavy chains of HMM, with concomitant superactivation of the 
Mg?*-ATPase. These data, together with those for the parent 
myosin, will be reported in detail elsewhere; the use of myosin is 
of particular interest because it contains molar amounts of LC2 
light chain, the presence of which is reported to change the shape 
of the attached heads”. z 

The covalent actin-S1 complex hydrolyses Mg’*-ATP at a 
very high rate because of the irreversible occupation of the actin 
site on $1. This provides the first direct experimental evidence 
for the possible non-dissociating pathway of ATP hydrolysis by 
actin-S1!2""*, Cross-linking of actin to.$1 does not impair the 
catalytic properties of the enzyme but, on the contrary, pre- 
serves the active conformation of the ATPase site resulting from 
the interaction of actin with $1. The covalent actin-$1 material 
offers a valuable tool for investigating the kinetic parameters of 
ATP hydrolysis by actin-bound S1 and for determining the 
nature of the conformational changes transmitted to the ATPase 
site when the actin site is bound. 

The ability of S1 covalently complexed to actin to hydrolyse 
ATP at an effective rate as high as that which normally occurs in 
the presence of infinite actin concentration should be considered 
in relation with the report of Bárány and Burt’* which indicates 
that in vivo contraction is associated with 1,500 ~5,000-fold 
activation of myosin ATPase, which has never been seen in any 
in vitro system. Our covalent actin-S1 derivative may represent 
the first assembly in vitro of interacting actin~head complex 
resembling that found in the native cell. ` 

The rigor association of S1 heavy chain with an actin dimer 
seems to be closely related to the molecular mechanism of 
stimulation of myosin Mg**-ATPase by F-actin. Estes and 
Gershman have shown that neither G-actin nor F-actin 
monomers can activate the ATPase; they have concluded that 
the specific activating ability of F-actin is possibly formed or is 
stabilized by the association of two adjacent subunits. In addi- 
tion, Fasold et al.” have reported that isolated, non-poly~ 
merizable actin dimers generated by chemical cross-linking of 
F-actin bind stoichiometrically to $1 and activate the ATPase 





Fig. § Schematic diagram for stoichiometric binding of 31 to two actin 

monomers which are on two strands of the actin helix: hatched $1 is only 

poorly cross-linked, trypsin-sensitive S1; open $1 is strongly cross-linkable, 

trypsin-insensitive §1 (tryptic sensitivity is implicitly related to the splitting 
of the 50K~20K join). 
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25% relative to F-actin. Our results strongly support all these 
observations and further suggest that the proper positioning of 
the actin pair on the 50K and 20K segments of the heavy chain is 
a prerequisite for, at least, the initiation of the ATPase activa- 
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The mitotic recombination behaviour of a duplication of the his4 region on chromosome III in the yeast Saccharomyces 
cerevisiae was studied. The major recombination event between the duplicated segments is gene conversion unassociated 
with reciprocal recombination. The rad52-1 mutation preferentially decreases mitotic gene conversion. These results 
suggest that mitotic gene conversion may occur by a different pathway from that occurring in meiosis. This mitotic gene 
conversion may be important in yeast mating type interconversion and the maintenance of sequence homogeneity in families 


of repeated eukaryotic genes. 


onnensa SSON 


GENETIC recombination is the result of an exchange between 
homologous regions of DNA and can occur between two seg- 
ments located on homologous chromosomes, or between 
repeated segments of DNA on the same chromosome. Two 
types of homologous recombination have been observed in yeast 
and other organisms; reciprocal and non-reciprocal exchange, 
or gene conversion (reviewed in refs 1-3). In yeast, meiotic gene 
conversion is associated with reciprocal recombination; as 
many as half the conversion events are accompanied by 
reciprocal recombination of flanking markers, and this con- 
version-associated recombination is frequent enough to account 
for all the genetic exchange observed in yeast meiosis. Current 
models for meiotic recombination postulate an exchange of 
DNA strands between homologous DNA duplexes'***. If 
there are base sequence differences between the two duplexes, 
the resulting structure contains a local region of heteroduplex. 
Gene conversion is believed to be due to the correction of the 
heteroduplex region. These models postulate that resolution of 
the heteroduplex results in recombination of flanking markers in 
50% of cases. 

Increasing evidence suggests that mitotic recombination may 
occur by different pathways from those of meiotic recom- 
bination. In mitosis, gene conversion is not as closely associated 
with reciprocal exchange”. Roman’ found that UV-light 
irradiation enhanced mitotic reciprocal recombination more 
than gene conversion, and that nitrosoguanidine enhanced gene 
conversion preferentially. In addition, Boram and Roman’ have 
isolated an allele of rad18 that enhances spontaneous mitotic 
gene conversion, but not reciprocal recombination. A further 
difference between mitotic and meiotic recombination in yeast is 
seen in the effects of other mutations. The remi-1 mutation 
enhances both types of exchange in mitosis, but has no effect on 
meiotic recombination'*"'. In contrast, the rad52-1 mutation 
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abolishes meiotic recombination, but only decreases mitotic 
exchange’*”’*, Thus, in mitosis, gene conversion and reciprocal 
recombination can be separated from each other. These con- 
siderations suggest that there may be mechanistic differences 
between meiotic and mitotic recombination. 

We have used hybrid plasmids containing yeast DNA linked 
to an Escherichia coli plasmid to study mitotic recombination. 
During transformation these hybrid plasmids integrate by a 
homologous recombination event and create a direct dupli- 
cation of the yeast DNA separated by plasmid sequences'*. We 
have constructed a direct duplication of a 24-kilobase (kb) 
BamHI fragment on chromosome III which contains the Ais 
gene. By genetic techniques, different mutations were intro- 
duced into each of the two copies of the his4 gene, creating a 
duplication with the structure his4A~ pBR313 his4C~. Mitotic 
recombination between the two his4 mutant genes can yield a 
HIS4~ recombinant. Whether the event which generated the 
recombinant was gene conversion or reciprocal recombination 
can be determined by analysis of the recombinants. A reciprocal 


his4 leu2 
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Fig. 1 Map of chromosome III. The his4 region is shown sub- 
divided into A, B and C. The relevant hisdA and hisdC mutations 
are shown. 
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Fig. 2 Formation of duplication strains by a 
transformation. The plasmid YIP300, which 
consists of a BamHI fragment carrying the 
HIS4* gene inserted into pBR313, is shown 


to integrate into the yeast chromosome III by HIS4* 

a homologous recombination event. The 

recombination event can occur centromere- 

proximal or centromere-distal with respect to i = 
the his¢C™ mutation on chromosome HHI. a, his4¢ 


Orientation of the two fis¢ genes if the 

exchange event occurs proximal to the 

centromere; b, orientation of the two his4 

genes if the exchange event occurs distal to 

the centromere. The line represents yeast 

DNA and the box represents pBR313 
sequences. 


his4C” pBR3I3 


recombination event gives rise to a HIS4~ segregant which has 
lost the duplication and the intervening plasmid sequences (see 
Fig. 4). A gene conversion event between the two elements of 
the duplication yields a HIS4* segregant which has retained the 
duplication and the intervening plasmid sequences. Thus, a large 
number of mitotic recombinants can be scored as gene con- 
vertants or reciprocal recombinants by colony hybridization 
using plasmid DNA as a probe’®. Using strains carrying dupli- 
cations of the his4 region, we have shown that gene conversion, 
not associated with reciprocal recombination, is the major event 
giving rise to HIS4* segregants in mitosis. Our studies of these 
strains also show that the rad52-1 mutation preferentially 
decreases mitotic gene conversion. 


Construction of the duplication strains 


Yeast strains duplicated for the his¢ gene were constructed by 
transformation**. The donor DNA was plasmid YIP300 which 
contains ~24-kb BamHI fragment of yeast DNA inserted into 
the BamHI site of the vector pBR313"’. The HIS4* gene is 
located near the middle of this BamHI fragment. The recipient 
was a haploid yeast strain containing two his4C mutations 
(his4-864 and his4-1176) and the leu2-3 mutation on 
chromosome III (Fig. 1). Transformation of this stable His” 
strain to HIS4* occurs by the integration of the YIP300 plasmid 
by homologous recombination. Integration of this plasmid 
creates a duplication of the his4 region in one of two possible 
orientations. The orientation of the HIS4*, pBR313 and his¢~ 
sequences with respect to /eu2 depends on the site of integration 


Fig. 3 Formation of Ais4~ duplication 
strains of orientations I and I. Trans- 
formation with YIP300 yielded duplications 
of the his4 alleles in two orientations (Fig. 2). 
Individual His* transformants of both orien- 
tations were crossed by a LEU2™ strain car- 
rying two mutations in the his4A region (his4- 
260 and his4-39). Four types of His progeny 


a Orientation | 
pBR3I3 





resulted from this cross; three of these are his4 A- 
completely stable and carry a single his4 
region. Colony hybridization using plasmid 
DNA as the probe shows that they have no 
lasmid s . Stable His” pro : 
plasmid sequences. Stable His progeny are his4a” pBR3I3 


(1) anon-recombinant which contains the two 
his4A~ mutations (hisd-260 and his4-39), 
(2) a recombinant which contains the two 
his4C™~ mutations (his4-1176 and his4-864); 
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relative to the his4C mutations (Fig. 2). The HIS4* trans- 
formants in either orientation are unstable—this instability 
results from mitotic recombination between elements of the 
duplication that give rise to his4™ segregants, and was also 
observed in yeast strains carrying a duplication of the leu2 
region created by transformation”. 

We devised a positive selection for recombination events in 
the duplicated region using strains in which each of the two 
copies of the his4 gene carry different. mutations that can 
recombine to yield a HIS4* segregant. These strains were 
constructed by crossing individual. HIS4” leu2” transformants 
with a LEU2* strain carrying two mutations. in. the Aisé¢A 
region: his4-260 and his4-39. A His” duplication strain with the 
structure his¢A~ pBR313 hisdC™ (his4-260, his4-39, pBR313, 
his4-1176, his4-864) can arise from this cross by meiotic 
recombination event (Fig. 3), Crosses of individual trans- 
formants with a his#A~ LEU2* strain give rise to recombinant 
His” duplication strains of two orientations (Fig. 3). Both orien- 
tation I (his4A~ pBR313 his4C™ leu2”) and orientation I 
(his4C pBR313 his¢A~ LEU2*) frequently give rise to HIS4* 
segregants by mitotic recombination events. 

When the HIS4* transformants are crossed by the his4A~ 
strain, one parent has the standard arrangement on 
chromosome III and the other has an insertion of pBR313 
flanked by a direct duplication of his4, Tetrad analysis of these 
crosses indicates that neither the duplication nor the pBR313 
sequences affect meiotic recombination in the Ais¢—leu? inter- 
val. Analysis of 101 tetrads yielded a map distance between his¢ 
and leu2 of 16.8 centimorgans, which is similar to the his4~leu2 


b Orientation il 
pBR3IS 
hisse 
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and (3) a recombinant carrying all four mutations (his¢-260, his4-39, his4-1176 and his4-864 ). The fourth type is a recombinant which contains a 
duplication of the BamHI fragment, The formation of this recombinant is shown. One element of the duplication contains the his4A~ mutations 
and the other contains the his¢C” mutations. The orientation of these mutations in the duplication depends on the site of integration of the 
YIP300 plasmid into the chromosome (see Fig. 2). The Leu phenotype of these recombinants is indicative of the orientation of the alleles in the 
duplication. The His” recombinants carrying a duplication can be easily detected because they frequently give rise to His” segregants by mitotic 
recombination events occurring between the two his4 regions, whereas the other His” progeny are completely stable. Colony hybridization using 
plasmid DNA as a probe shows that the unstable His” progeny retain the pBR313 sequences. Crosses of these strains with wild type (HIS4 *) give 
rise to recombinant His” progeny containing one or the other component of the duplication. The segregation of each of the components of the 
duplication in these crosses confirmed the structure in the duplications. a, The recombination event giving rise to a his¢~ duplication strain of 
orientation I; b, the recombination event giving rise to a his4~ duplication strain of orientation II. The thin line represents veast DNA and the box 


represents p8R313 sequences. 
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Table 1 Frequency of HIS4* formation in duplication strains 





Orientation I his4A~ pBR313 his4C~ 


Orientation II his4C~ pBR313 his4A~ 





HIS4* 
frequency 
Culture per cell 
Strain no. (x105) Mean 
7217-30D RAD* 1 43 
2 12 
3 15 
7313-9B RAD* 1 43 
2 5 
3 12 21.7£17.7 
7503-8C rad52-1 1 1.8 
2 3.8 
3 1.2 
4 1.0 
5 3.9 
71-43 rad52-1 1 1.3 
2 3.3 
3 1.0 2.2411 


HIS4* 
frequency 
per cell 
(x105) 


16 
63 
8.3 
3.7 

10 
6.8 
5S8 
3.8 
19 
2.4 
2.8 
21 
21 
2.4 


Culture 


Strain no. 


7084-48A RAD* 


Mean 


7083-18A RAD* 


8.143.7 
96-40B rad52-1 


95-13D rad52-1 


BO eet UA Be GN et Go DO et BG et 


2.5+0.6 





A single colony of the strain to be tested was inoculated into 5 ml of liquid YEPD medium" and grown to a concentration of ~10” cells per ml. Cultures were washed, 
diluted and plated on to five YEPD agar plates for a total cell count and on to five minimal agar plates to estimate the frequency of His* colonies. The plates were incubated 
at 30°C for 3 days before counting. The frequency of His” cells was determined by dividing the number of His” cells per ml by the total number of cells per ml. 


distance (17.4 centimorgans‘*) found in crosses where both 
parents had the standard arrangement. 


Mitotic recombination in 
haploids and diploids 


Mitotic recombination occurs more frequently between two his 
genes located on a single chromosome III in a haploid than does 
recombination between his¢ genes located on different 
chromosome IIIs in a diploid. The spontaneous mitotic recom- 
bination behaviour of duplications was studied using haploid 
strains in which one element of the duplication contained the 
his4A~ mutations and the other contained the his¢C~ muta- 
tions. The frequency of HIS4* formation was measured in these 
his4~ duplications when the alleles were in both orientation I 
and orientation Il. HIS4* formation was also measured in 
heteroallelic diploids (his4A~/his¢C”) of normal chromosome 
structure. Heteroallelic diploids of matiñg type a/a and a/a 
were studied in addition to an a/a diploid. Formation of HIS4* 
recombinants occurred with a frequency of 0.6107 in a/a 
diploids, 0.1 107° in a/a diploids and 0.2x10°° in a/a 
diploids. The haploid his4~ duplication strain of orientation I 
gave rise to prototrophs at a frequency of 21.7 107°. Orien- 
tation II duplications gave rise to prototrophs at a frequency of 
8.1x10°° (Table 1). (The difference in frequency between 
orientations I and II is not statistically significant (P > 0.90). 
Thus, duplications recombine at a frequency which is at least an 
order of magnitude greater than that measured in diploids. 

In meiosis, a diploid containing a duplication on each 


homologue (hisd4C” pBR313 his4C™/his4A” pBR313 his4C~) 
yields His” recombinants in 1.6% of the tetrads (2/123). Our 
finding that the frequency of recombination in mitosis is rare 
compared with that in meiosis agrees with all previous studies on 
recombination in yeast? ™, 


Gene conversion is the major 
recombination event 


To study the mitotic recombination events which occur between 
elements of a duplication, the HIS4* recombinants arising from 
haploid duplication strains were analysed by colony hybridiza- 
tion using pBR313 DNA as the probe. The presence or absence 
of pBR313 is indicative of the event which gave rise to the 
HIS4* recombinant. Gene conversion unassociated with 
reciprocal recombination will give a HIS4* recombinant which 
retains the two copies of the his4 region and the pBR313 
sequences (pBR313*). A HIS4* recombinant with a single copy 
of the his4 region and no pBR313 sequences (pBR3137) can be 
generated by two types of event. The first is a simple reciprocal 
recombination event between the mutant alleles (see Fig. 4), 
Alternatively, gene conversion of one of the His” alleles to His”, 
followed by reciprocal recombination will give rise to a His* 
pBR313” recombinant. These two events cannot be dis- 
tinguished from each other, but as both involve reciprocal 
exchange they will be classified together as reciprocal recom- 
bination. 

Analysis of HIS4* recombinants arising from duplications in 
orientation I showed that 15 (12%) had lost the pBR313 





Table 2 Frequency of gene conversion and reciprocal recombination among HIS4* recombinants 





Colony hybridization 


Mean 
frequency 
recombination 
Strain (x1075) 

Orientation I 

7217-30D Rad* 23.3 

7503-8C radS2-1 2.3 
Orientation IT 

7084-48A Rad* 8.6 

96-40B rad52-1 2.6 


Mean Mean 
frequency frequency 
No. of gene reciprocal 
colonies % His” % His* conversion recombination 
tested pBR313* pBR313~ (<107) (x105) 
127 88 12 20.5 2.8 
192 3 97 0.07 2.2 
199 97* 3 6.2 2.3 
146 59t 41 0.18 2.4 


Frequency of recombination was determined by dividing the number of prototrophs per ml by number of celis per ml. Mean frequency of recombination is the arithmetic 
average of frequencies shown in Table 1. Mean frequency of gene cOnversion was calculated by multiplying % gene conversion, as determined by colony hybridization and 
Southern analysis, by mean frequency recombination. Mean frequency of reciprocal recombination was calculated by multiplying % reciprocal recombination, as 
determined by colony hybridization and Southern analysis, by mean frequency recombination. : or : : 

* Southern hybridization analysis of eight independent His” recombinants showed that 1/4 were triplications and 3/4 were duplications of the hisd region (see Fig. 5). 

+ Southern hybridization analysis of eight independent His* recombinants showed that 7/8 were triplications and 1/8 were duplications of the kis4 region (see Fig. 5). 
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Fig. 4 Formation of HIS4” prototrophs by 
reciprocal recombination. a, Reciprocal 
recombination in orientation I. In G,, before 
DNA replication, an intra-strand event will 
yield a HIS4* recombinant with a single copy 
of the Aisd region; anda circular molecule 
carrying both his mutations and pBR313. In 
Gha, after DNA replication, an inter-strand Go 
event will yield a HIS4” recombinant with a 
single copy of the hisd region, and a hisd~ 
recombinant with three copies of the hiss 
region and two of. pBR313. b, Reciprocal 
recombination in orientation I. In Gz, an 
inter-strand event: will yield a HIS4* recom- 
binant with three copies of the hiss region 
and two copies of. pBR313. The his4” 
recombinant has a single copy of the his4 ake 
region. In Gi, a simple reciprocal recom- b Orientation I 
bination event cannot yield a HIS4* recom- G3 
binant, The thin line represents yeast DNA 
and a box represents pBR313 sequences. 


his4C” pBR3I3 


sequences and 112 (88%) had retained them (Table 2). South- 
ern analysis of total yeast DNA using the BamHI fragment of 
his4 DNA as a probe showed that the His” pBR3137 recom- 
binants have a single copy of the kis4 region. This analysis 
indicates that the recombinants which lose the pBR313 
sequences are the result of reciprocal recombination. 
Confirmation that the major class of recombinants, His* 
pBR313*, arose by gene conversion comes from two lines of 
evidence. First, Southern analysis using the BamHI fragment of 
his4 DNA as a probe showed that these recombinants retain two 
copies of the his4 region. Second, when any individual His* 
pBR313* recombinant was crossed by an untransformed HIS4* 
strain, either histA™ or his4C” progeny were recovered. This 
result indicates that in orientation I most recombinants result 
from gene conversion. 

Most HIS4* recombinants which were produced by his4~ 
duplications in orientation H were also due to gene conversion. 
There are three types of HIS4* recombinants which result from 
this orientation. The first type is one which retains the two copies 
of the his4 region and one copy of the pBR313 sequences—this 
type of HIS4~ recombinant results from a gene conversion event 
unassociated with reciprocal exchange. The second type is a 
HIS4* recombinant which carries a triplication of the his4 
region and two copies of the pBR313 sequences. This type can 
be generated by an uneven reciprocal recombination event 
between sister chromatids (Fig. 4). The third type has a single 
copy of the hisd region and no plasmid sequences. This type 
could result from the conversion of one of the mutant alleles to 
His*, followed by a reciprocal recombination event, or alter- 
natively from triple crossovers. Both types 2 and 3 are classified 
as reciprocal recombinants because their formation involved a 
reciprocal exchange. 

Analysis of 199 HIS4* recombinants arising from a strain 
carrying the duplication in orientation II showed that 193 (97%) 
had retained pBR313 and 6 (3%) had lost pBR313 (Table 2). To 
determine which fraction of the His* pBR313* recombinants is 
due to gene conversion, Southern analysis using plasmid DNA 
as a probe (Fig. 5) was performed on eight independent His* 
pBR313* recombinants. This experiment showed that six of the 
eight recombinants had two copies of the his4 region and two 
had three copies. Assuming that these independent isolates are 
representative of the whole population, we conclude that ~25% 
of the HIS4* recombinants from orientation II strains are due to 
reciprocal recombination and 75% are due to gene conversion. 

Our finding that most of the HIS4* recombinants from the 
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duplication strains are gene convertants agrees with previous 
studies on recombination in yeast. Intragenic recombination 
both in mitosis and meiosis is usually a a result of gene conversion 
rather than reciprocal recombination”? een shown that 
up to half of the meiotic conversion events are associated with 
reciprocal recombination‘. In. contrast, he major mitotic 
recombination event observed in duplicatio: 
version, unassociated with reciprocal exchange. 
for this conclusion is based on the retertio 
and plasmid sequences in most HIS4* recombi 
agrees with studies of mitotic recombination in dip 

suggests that mitotic gene conversion may proceed by a 
mechanism which is different from that in meiosis, 

These observations on duplications of the his4 locus apply to 
other regions of the yeast genome. Duplications of the len? 
gene, with the structure /eu2-101 colE 1 leu2-3 leu2-112, behave 
identically to the his4 duplications. About 95% of the LEU2” 
recombinants are gene convertants. In a duplication with the 
structure LEU2* ColE1 leu2-3 leu2-112, 17 Lew” segregants 
were generated by a recombination event which separated 
leu2-3 from leu2-112. All these segregants retained the vector 
sequences (eight were leu2-112 ColE1 leu2-3 leu2-11.2 and nine 
were leu2-3 ColE1 leu2-3 leu2-112) (C. Styles and G, R. Fink, 
unpublished data). Thus, a high frequency of gene conversion 
oceurs in prototrophic or auxotrophic recombinants as long as 
the event is intragenic. - 

Previous work*'~? has shown that spontaneous and induced 
intragenic mitotic recombination can occur before DNA 
synthesis, at the two-strand stage. The reciprocal recombination 
which we observe in the duplication strains suggests that mitotic 
recombination is not restricted to one stage of the cell cycle. The 
fact that duplication strains in orientation II give rise to proto- 
trophs which carry a triplication of the Ais4 region (Fig. 4) argues 
that, ina haploid, mitotic recombination can occur after DNA 
synthesis. This is the first evidence of sister-strand exchange in 
chromosomal regions outside the rDNA cistrons****. It is 
unclear what proportion of the mitotic recombination events 
occur at this stage, because the other classes of recombinants 
could be produced either before DNA replication by an intra- 
strand recombination event or after DNA synthesis by an 
inter-strand event. 


Gene conversion is decreased by rad52-I 


The rad§2-1 mutation has been reported to abolish meiotic 
recombination and to reduce mitotic recombination ™™, We 
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YIP300 
Fig. § Quantitation of Ais¢ regions. The 
diagram shows the configuration of the : 
plasmid YIP300, a strain carrying a dupli- his 
cation of the his¢ region and a strain carrying Sach 
a triplication of this region. The thin line Duplication 


represents yeast DNA; the box represents + i 
pBR313 sequences and arrows represent 
Smal endonuclease sites. Also shown is an 
autoradiogram of the hybridization profile of 
Smal-digested DNA from a a duplication; b, 
a triplication and c, YIP300 using labelled 
plasmid as a probe. The two Smal fragments 
carrying pBR313 sequences in the dupli- 
cation migrate together on an agarose gel, 
These two fragments are found in a tri- 
plication that has, in addition, a smaller Smal 


Triplication 
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hist pBR313 hist pBR3I3 his4 
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fragment carrying pBR313 sequences which is the same size as the YIP300 plasmid. Nuclear DNA was isolated from the yeast strains by the 
method of Cryer et al.“°. Plasmid YIP300 was isolated as described by Hirt*’, After digestion with Smal the fragments were separated by agarose 
gel electrophoresis on a horizontal 0.5% agarose slab gel run at 100 V for 18h. DNA was transferred to nitrocellulose filters*® which were 
hybridized to a DNA probe *’p-labelled by nick translation®’. The probe was pBR322, a plasmid derived from pBR313°°. 


found that the rad52-1 mutation lowers the frequency of HIS4* 
formation for his4~ duplications of both grientations I and II. 
Further analysis of the HIS4* recombinants produced in a rad 
52-1 background indicate that gene conversion is affected 
preferentially. For orientation I, rad52-1 lowered the frequency 
of HIS4* formation ~10-fold (Table 1). When HIS4* recom- 
binants were examined by colony hybridization using plasmid 
DNA as a probe, 186 (97%) had lost the pBR313 sequences 
(Table 2). In comparison, only 12% of the HIS4* recombinants 
produced by the RADS52* strains in orientation I had lost 
pBR313. The loss of the plasmid sequences indicates that a 
reciprocal recombination event had occurred (Fig. 4). When the 
overall frequency of HIS4* formation in orientation I strains is 
separated into reciprocal recombination and gene conversion 
components, the component representing the reciprocal 
recombination frequency is essentially the same in the rad52-1 
and RAD52* backgrounds (Table 2). Thus, the 10-fold 
decrease in HIS4* formation in rad52-1 strains is due to a 
greater than 200-fold decrease in gene conversion events. 

The rad52-1 mutation lowered the frequency of HIS4* 
formation in duplication strains of orientation II threefold. 
Colony hybridization using plasmid DNA as the probe showed 
that 145 (59%) of the HIS4* recombinants had retained 
pBR313 and 101 (41%) had lost this sequence (Table 2). The 
proportion of His” pBR313* recombinants which were due to 
reciprocal recombination was determined by Southern hybri- 
dization analysis of whole yeast DNA from eight independent 
isolates (Fig. 5). This analysis showed that seven of the eight 
His” pBR313* recombinants carried a triplication of the his4 
region, and therefore were a result of a reciprocal 
recombination event. The other His” pBR313” recombinant 
carried a duplication of the hisd region. As the eight strains are 
independent isolates, we assume that they are representative of 
the entire His” pBR313” population. On this assumption, 88% 
of the His” pBR313* and all the His” pBR313~ recombinants, 
or 93% of the total HIS4* recombinants arising in a rad52-1, 
orientation II background are due to reciprocal recombination. 
When the overall frequency of HIS4* formation is separated 
into reciprocal recombination and gene conversion components, 
the component representing the reciprocal recombination 
frequency is the same as that of the Rad52™, orientation II 
strain, and gene conversion has been decreased ~30-fold 
(Table 2). 

There is a difference in the extent to which rad52 decreases 
the frequency of gene conversion in the strains of orientations I 
and II (Table 2). Others have reported that the effect of rad52 
on mitotic recombination varies from 6- to 200-fold depending 
on the genetic interval studied'*"**. The differences we observed 
may be due to the orientation of the his4 alleles or to differences 
in the genetic backgrounds of the strains used here. 


Studies on the effect of the rad52-1 mutation in diploid strains 
have shown that this allele affects mitosis and meiosis 
differently'*"'*. Meiotic recombination is completely abolished 
and mitotic recombination decreased. We have shown that in 
strains carrying the ‘rad52-1 mutation the frequency of gene 
conversion not associated with reciprocal exchange is decreased 
dramatically, whereas the frequency of reciprocal recombinants 
is not affected (Table 2). The His* prototrophs classed as 
reciprocal recombinants could be generated by gene conversion 
followed by reciprocal exchange. If this association of gene 
conversion with reciprocal recombination is frequent, then 
rad52 only affects mitotic gene conversion that is not associated 
with reciprocal exchange. 


Discussion 


We have shown that the major mitotic recombination event 
observed in duplications is gene conversion unassociated with 
reciprocal exchange. This result is consistent with the results of 
previous studies on mitotic recombination between single-copy 
genes in heteroallelic diploids’*. In addition, we observe that 
the rad52-1 mutation, which decreases mitotic exchange in 
diploids'’*"*, preferentially decreases gene conversion in our 
system. These findings, taken together with earlier studies, 
Suggest that gene conversion and reciprocal recombination 
occur by different pathways in mitosis. 

Gene conversion between repeated DNA sequences may be 
involved in biologically important phenomena in yeast. For 
example, mating type interconversion is a complex event which 
seems to have some features in common with gene conversion 
within gene duplications’*’. Mating type in yeast is controlled 
by two alleles of the MAT locus, MATa and MATa. Homo- 
thallic strains switch from one mating type to the other at a high 
frequency’*”’. This switching of mating type requires two other 
loci, HML and HMR®*”*?, HML and HMR are unexpressed 
copies of the a and a information which can donate this 
information to the MAT locus****. The replacement of MAT 
information by HML or HMR does not lead to a change at the 
donor locus. This aspect of homothallic switching is similar to 
gene conversion within duplications. One copy of the dupli- 
cation acts as a donor of genetic information and the other as 
recipient. The donor sequences are not altered during the event. 
In contrast to mitotic gene conversion, mating type intercon- 
version is a directed event; a information replaces MA Ta and a 
information replaces MATa***, Studies of cloned mating type 
genes show that the MAT, HML and HMR loci are direct 

35,36 
repeats of common DNA sequences on chromosome H79, 
Thus, mating type loci are like the non-tandem direct repeats of 
the his4 gene which we have studied. Unlike the his¢ gene 
duplications, where the two regions are completely homologous, 
each mating type locus contains one of two non-homologous 
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sequences (an 850-bp a-specific sequence or a 700-bp a- 
specific sequence) flanked by sequences homologous to all three 
loci*®. In spite of the differences between mating type intercon- 
version and mitotic gene conversion, both involve the transfer of 
genetic information without rearrangement of the donor 
sequences. Moreover, the suggestion that the two processes 
occur by a similar event is supported by the finding that homo- 
thallic strains carrying the rad52-1 mutation are defective in 
mating type interconversion” 

Sequence homogeneity between highly repeated DNA 
sequences is thought to be maintained by mitotic recombination. 
In yeast, rDNA is composed of ~100 repeats of a 9-kb unit per 
haploid genome*’; Genetic and biochemical evidence suggests 
that the rDNA repeat units are tandemly arrayed, and within 
any individual strain these repeat units are homogeneous“, 
Unequal sister-strand reciprocal recombination has been shown 
to occur in the rDNA cistrons in both mitosis and meiosis of 
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The transcriptionally active ev-3 and inactive ev-1 endogenous retrovirus loci in chick cells differ in that ev-3 is 
undermethylated, preferentially sensitive to DNase I digestion, and contains nuclease hypersensitive sites in each of its two 
long terminal repeats. Transient exposure of cells to 5-azacytidine, a cytosine analogue which cannot be methylated at the 5 
position, results in the hypomethylation and transcriptional activation of ev-1, as well as the acquisition of at least one 





nuclease-hypersensitive site within the chromosomal domain of ev-1. 





ANALYSES from several laboratories have shown that ex- 
pressed genes are packaged into an altered chromatin structure, 
as revealed by preferential DNase I digestion’*. These active 
regions are usually undermethylated at CpG dinucleotides*". 
In many cases, gene activity is also correlated with a DNase 
I-hypersensitive site, which represents a very local alteration of 
chromatin that is associated with certain specific DNA 
sequences. These ‘hypersensitive’ regions are detected by the 
ability of DNase I to introduce double-stranded cuts at such 


specific DNA sequences’*. Thus, when nuclei are mildly di- 
gested with DNase I and the DNA isolated and redigested with 
restriction endonucleases, a sharp ‘sub-band’ appears on 
‘Southern’ blotting. One end of this fragment is defined by the 
DNase I-generated double-stranded cuts in chromosomal 
DNA, and the other end by a neighbouring restriction site. 
Although many of the hypersensitive sites described thus far are 
very near the 3’ border of transcriptional!y active genes, others 
have been located in adjacent non-coding regions "5, 
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The notion that hypersensitive sites may reflect important 
events in gene regulation is further supported by the finding that 
a change in location of these sites accompanies haemoglobin 
switching in the developing chicken embryo'™*ć, Recently, we 
have shown that in precursor erythroblasts obtained from 22-h 
chick blastoderms, the globin genes are not transcribed; they are 
methylated, DNase I resistant and contain no hypersensitive 
sites, However, because all these parameters of gene activity 
become expressed coordinately (within the temporal resolution 
of our experiments) in progeny erythroblasts, it is not clear 
which, if any, of these structural features of active chromatin are 
primary and which secondary. We thus sought a system where 
we could experimentally manipulate such parameters. 

In attempting to study the relationships between transcrip- 
tion, DNase I sensitivity, CpG methylation and hypersensitive 
sites, we have investigated these aspects of the endogenous 
avian retroviral genomes. Uninfected chicken cells contain one 
or more complete or nearly complete copies of genetically 
transmitted endogenous viruses, the prototype of which is called 
RAV-O, As described by Astrin’’, most chickens contain at 
least one such genetic locus, ev-1, identifiable on ‘Southern’ 
blots. as a 10.5-kilobase (kb) Ss restriction fragment ®*??, 
Although ev-1 contains structural sequences nearly identical to 
RAV.-O, it is basically silent in terms of expression”, Astrin and 
co-workers” have described at least 10 other avian genetic loci 
that contain structural genes for endogenous retroviruses, all of 
which are identifiable as specific Sst fragments. Of particular 
interest is ev-3, a deleted RAV-O locus which serves as the 
template for 31S and 22S viral RNA transcripts in uninfected 
chicken cells”°?*, Although ev-3-containing cells do not 
produce either infectious virus or virus particles, they do contain 
a 120,000-molecular weight ev-3-coded polyprotein, P120™, 
which represents an apparently non-functional, internally 
deleted form of the precursor to reverse transcriptase found in 
retrovirus infected cells*?**, The specific region of the ev-3 
deletion and detailed restriction maps of the various ev loci have 
been described recently ‘19212524, 

The present experiments demonstrate that, in contrast to 
ev- 1, the conformation of ev-3 in chromatin results in sensitivity 
of this locus to digestion by DNase I and site-specific double- 
stranded cleavage at both the 5’ and 3’ ends of ev-3 (in long 
terminal repeat (LTR) sequence) by both DNase I and staphy- 
lococcal nuclease, In addition, and again in contrast to ev-1, 
several regions of ev-3 are undermethylated at cytosine residues 
at CpG dinucleotides. That undermethylation of at least some of 
these sites is important in permitting expression of the endo- 
genous retroviral genome is strongly suggested by the tran- 
scriptional activation of an ev-1 locus by 5-azacytidine, a 
cytosine analogue which, due to a nitrogen substitution in the 5 
position, cannot be methylated at this site". The activation of 


ev-1 by 5-azacytidine is also correlated with the generation of a ; 


Fig. 1 a, Resistance of ev-1 to low 
level DNase I digestion. Red blood cell 
nuclei fram 14-day chicken embryos of 
ev-l genotype were incubated with 
increasing amounts of DNase I at a 0.0105 1.265 1025 
DNA concentration of 1 mg ml! for 10 TT™ 

min at 37°C, DNA was isolated, 
restricted with Sst, electrophoresed on 
a neutral 1% agarose horizontal slab 
gel, stained with ethidium bromide, 
blotted on to a nitrocellulose filter and 
hybridized to °*P-RAV-O cDNA. The 
dominant RAV-O related band in the 
Sst digest is 10.5 kbp, corresponding to 
ev-1. Numbers at the top of each lane 
refer to concentration (ug ml~') of 
DNase I. b, Sensitivity of globin DNA to 
DNase I. The same DNA as shown in a 
was digested with Bam and EcoRI and 
hybridized to a genomic clone (as) 
containing transcribed (T) and non- 
transcribed (NT) regions of the chicken į 
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hypersensitive site within the chromosomal domain of this 
previously inactive retroviral genome. These results suggest 
that, at least for the ev- 1 locus, undermethylation of at least part 
of the ev- 1 locus results in the subsequent chromosomal activa- 
tion of this genome as revealed by DNase sensitivity, tran- 
scription and synthesis of viral proteins. 


Preferential nuclease sensitivity of ev-3 


Nuclei were isolated from red blood cells of 14-day chicken 
embryos characterized genotypically as either ev-1 or ev-1/ev- 
3. As previously reported*’*"*, although such erythrocytes are 
no longer transcriptionally active, the globin genes previously 
expressed in these cells are preferentially sensitive to DNase I. 
The respective nuclear preparations were digested with very low. 
levels of DNase I or staphylococcal nuclease“? and the DNA 
was purified, restricted with Ssi, run on neutral 1% agarose 
gels, ‘Southern’ blotted and hybridized to **P-RAV-O cDNA. 
(In all cases, identical results were obtained using cloned RAV- 
O sequence containing DNA as probe; however, we prefer to 
use the cDNA because it is usually higher in specific activity and 
gives much less background on blots.) Before restriction, most of 
this DNA had an average size of 15~20-kilobase pairs (kbp). 

Figure 1 shows the results of DNase I digestion of nuclei from 
ev-1 red blood cells. As predicted from known restriction maps 
of ev-1'*?!, one major band is apparent. However, neither 
preferential digestion of ev-1 compared with bulk DNA, nor 
sub-bands indicative of site-specific double-stranded cuts within 
this locus are observed (Fig. 1a). Digestions with several other 
enzymes also fail to demonstrate sub-bands, indicating the lack 
of specific cuts in either the 5'- or 3’-flanking regions of this gene 
(not shown). As controls for the preferential digestion of active 
genes and generation of specific sub-bands in these DNA 
samples, restriction bands containing the a-globin genes once 
transcribed in these cells are no longer detectable in the sample 
digested with 0.25 ug ml’ DNase I, and several samples show a 
specific sub-band containing globin flanking sequences (Fig. 1b). 

Figure 2a reveals the results of a similar analysis performed 
with nuclei from cells containing both ev- 1 and ev-3, In addition 
to confirming the relative ‘insensitivity’ of ev-1 to DNase I 
digestion, this figure demonstrates that ev-3 is much more 
sensitive to DNase I than is ev- 1. Thus, the chromosomal con- 
formation of ev-3 is similar to many transcriptionally active 
genes assayed by this technique. The kinetic analysis of the 
preferential digestion of the 6.5-kbp Ss¢l restriction fragment 
containing ev-3 also reveals a 5.8-kbp sub-band, indicating a 
site-specific double-stranded cut introduced into the 
chromosomal DNA in or around this locus. A similar sub-band 
is detected when nuclei from ev-1/ev-3 red cells are digested 
with increasing concentrations of staphylococcal nuclease (Fig. 
2b), further indicating that a specific region of this endogenous 
viral locus is uniquely cut in the intact chromosome. Note, 
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a-globin domain (the sub-band is generated from a hypersensitive site in a non-transcribed region of the a locus; see ref. 11 for details}, The NT regions show a 
marked DNase sensitivity that has previously been shown to depend on HMG proteins, while the T regions show an ‘intermediate’ level of sensitivity that is not 
related to HMG binding. The ev-1 locus in a is classified as being DNase ‘resistant’, 
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however, that the dramatic disappearance of ev-3 vis-d-vis ev-1 
seen in the DNase I digest (Fig. 2a) is not observed with 
staphycoccal nuclease digestion (Fig. 2b). 

Previously, we reported the presence of RAV-O-related 
RNA and proteins in cells isolated from embryos of a particular 
flock of P120°-negative, chick helper factor (chf) negative 
(gs"chf~), uninfected chickens”*. Using DNase I and solution 
hybridization we observed that these cells contained one *active’ 
and one ‘inactive’ retroviral genome. However, restriction 
mapping was not performed and the ev loci were not identified. 
Given the recent description by Astrin and co-workers” of 
multiple ev loci associated with the gs”chf phenotype, we re- 
analysed cells from this flock and observed that they contain 
both ev-1 and another ‘phenotypically negative’ ev locus, ev-8. 
Whereas ev-8 is DNase I sensitive in these cells, the ev- 1 locus is 
resistant to DNase I, consistent with the above results. (A 
detailed analysis of these cells will be presented elsewhere.) 


Mapping the hypersensitive site of ev-3 


In an attempt to understand better the relationship between 
hypersensitive sites and gene activity, we mapped the region of 
ev-3 uniquely cut by DNase I and staphylococcal nuclease. 
Although all the mapping data presented here were generated 
from experiments with DNA from DNase I-digested nuclei, the 
same results are obtained with DNA samples from staphyloccal 


Fig. 3 Mapping the specific DNase I- 
hypersensitive Sites in ev-3. Th e 
restriction map of ev-3 is derived pri- 
marily from our own results, and the 
work of Hughes et al”, Undigested 
DNA from ev-1 and ev-1/ev-3 eryth- 
rocytes, and DNA from ev-1/ev-3 
nuclei digested with 0.05 wg mi"! 
DNase I were restricted with either Ssi 
or BamHI or doubly digested with Ssi 
and BamHI, and analysed as described 
in the previous figure legends. In addi- 
tion, the DNase I-digested ev-1/ev-3 
DNA ‘series’ presented in Fig. 2 was 
digested with EcoRI and analysed as 
above except that rather than using **P- 
RAV-O cDNA, we used a **P-nick- 
translated DNA fragment containing 
sequences specific to the gag gene 
located to the right of the 5’ LTR. In the 
EcoRI blot, the 20.5-kbp fragment is 
ev-3-specific, whereas the 8.4-kbp 
fragment is ev-1 specific. (In mapping 
the location of the nuclease-generated 
sub-bands with EcoRI, we have 
presented a kinetic analysis for optimal 
visualization of the ev-3 sub-bands.} 











Fig. 2 Preferential sensitivity of ev-3 
to DNase I and the generation of ev-3- 
specific sub-hands by DNase 1 and 
staphyleccal nuclease. a, ev-1/ev-3 
DNA was prepared and analysed after 
restriction wits Sst as described for ev- 
1 DNA in Fig 1. Two dominant RAV- 
O related bands in the Sst digest are the 
10.5-kbp ev- t and the 6.5-kbp ev-3. In 
addition to the preferential sensitivity of 
ev-3 to DNase La §.8-kbp sub-band is 
revealed. 6, DNA from staphylococcal 
nuclease-treated red blood cell nuclei 
from 14-day chicken embryos of ev- 
t/ev-3 genotype was prepared and 
analysed ag above, 
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nuclease-treated nuclei (not shown). Figure 3 shows the results 
of this analysis and a restriction map of ev-3. As indicated above 
(and in Fig. 3), a sub-band of 5.8 kbp is generated when the 
DNase I-treated samples are digested with Ss. Given the 
restriction map of ev-3, the hypersensitive site observed with 
Ssi must be located either 700 bases 3’ to the Sst site in the 5’ 
end of the locus or within the LTR located on the 3’ side of ev-3. 
When the same sample was digested with BamHI, asub-band of 
3.8 kbp was observed, indicating that the sub-band must. be 
generated from a site within the 3’ LTR. Ssfl/ BamHI double 
digestion (Fig. 3) also shows a 3.8-kbp sub-band, providing 
further support for this conclusion. Given the location of Bam 
sites in the 5' end of the locus, this sub-band could only be 
generated by a DNase I-generated double-stranded cut in the 
Y LTR. 

As the LTR is repeated at both ends of ev-3, we wondered if a 
similar hypersensitive site was located in the LTR on the 5’ side 
of the locus. Neither Sst nor Bam digestion would reveal sucha 
site, because both cleave within the locus, 3' to the 5’ LTR. We 
therefore hybridized an EcoRI-digested DNase series from 
ev-1/ev-3 cells with a **P-nick-transiated DNA fragment 
containing sequences specific to the ‘gag’ gene located to the 
right of the 5’ LTR. (The fragment was isolated from a pBR 
subclone provided by Drs W. DeLorbe and J.M. Bishop and 
their colleagues.) This probe detected the two expected EcoRI- 
generated restriction fragments in the undigested sample 
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Fig. 4 Undermethylation of ev-3 relative to ev-1. DNA from ev-1 and 

ev-1/ev-3 erythrocytes was purified from nuclear preparations, digested 

with various restriction enzymes, electrophoresed on neutral, 1.4% agarose 

horizontal slab gels, blotted on to nitrocellulose and hybridized to °*P-RAV- 

O cDNA. A, Mspl digestion of ev-1 and ev-3 DNA. B, Hpall digestion of 

the same samples. Note the generation by Hpall of fragments c, d and e in 
the ev-1/ev-3 cells, but not in ev-1 cells. 


(20.5 kbp containing the 5’ 5.0 kbp of ev-3 and 15.5 kbp of 5’ 
flanking sequences, and an 8.4-kbp ev- 1 specific fragment), but 
revealed a 4.6-kbp sub-band in the DNase I-digested samples 
(Fig. 3), As we have been unable to detect any retrovirus-related 
sub-bands in DNA from DNase-treated ev-1 nuclei using a 
variety of restriction enzymes and specific probes (Fig. 1 and 
other data not shown), the 4.6-kbp sub-band is probably 
generated from a hypersensitive site that maps in the 5’ LTR of 
ev-3. This has been confirmed using several other probes and 
restriction enzymes, and we are now attempting to determine 
the exact sequence within the LTR that is cut by DNase I. 

Thus, although no hypersensitive sites are observed in the 
ev- 1 chromosomal domain, at least two such sites are apparent 
in ev-3, both located within regions of sequence homology 
(LTRs) on both the 5’ and 3’ side of the proviral coding regions. 
These LTR regions are of particular interest in terms of control 
of gene expression, given the sequence homology in this region 
to a number of putative control elements” (see discussion) and 
the ability of homologous regions in Rous sarcoma virus (RSV) 
to act as promoters in vitro”, 


Undermethylation of ev-3 


Figure 4A and B show the results of restricting DNA from red 
cells of either ev- 1 or ev-1/ev-3 genotype with MspI and Hpall, 
which recognize the sequence CCGG”; however, MspI cuts at 
this site independent of the methylated state of the second C, 
whereas Hpall will. not cut this sequence if the second C is 
methylated. As evident in Fig. 4A, ev-1/ev-3 DNA contains at 
least two more Mspl restriction fragments (labelled c and d) 
than ev-1 DNA. Figure 48 illustrates that although ev-1 is 
highly methylated at CCGG sequences, the two ev-3-specific 
MspI fragments (c and d) are not methylated at such residues. In 
addition, several other regions are relatively undermethylated, 
given the generation of a broad band (e) of fragments with an 
average size of 300 base pairs (bp). We presume that these 
fragments come from ev-3 as they are not found in Hpall- 
digested DNA from ev-1 birds; however, we cannot formally 
rule out the possibility that under the influence of ev-3, these 
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fragments now become undermethylated at the ev-1 locus. We 
have also observed that whereas the 10.5-kbp Ss fragment 
characteristic of ev-1 is relatively stable on double digestion of 
ev-1 or ev-1/ev-3 DNA with Ssfl and Hpall, the 6.5-kbp Sst 
fragment characteristic of ev-3 disappears on Sst/Hpall double 
digestion of ev-1/ev-3 DNA (not shown). Thus, our results 
demonstrate qualitatively a clear correlation between the 
expressed ev-3 locus and undermethylation and an analogous 
correlation between the unexpressed ev-1 locus and hyper- 
methylation. Although other investigators have also observed 
differences in the methylated state of retroviral genomes in 
various cells*”*’, correlation of expression and degree of 
methylation of a particular viral locus in these cells was not 
possible. 


Induction of ev-1 expression by 5-azacytidine 


In an attempt to understand the role of undermethylation in the 
control of gene activity, we analysed the effect of 5-azacytidine*® 
on the expression of the inactive ev- 1 locus. A continuous line of 
chicken lymphocytes containing only ev- 1, MSB cells?***, was 
exposed to the cytosine analogue for 24 h (two or three genera- 
tions), the medium containing the drug removed, fresh medium 
added and the cells assayed at various intervals for changes in 
ev-1 DNA methylation, RNA accumulation and virus-specific 
protein synthesis. DNA containing this analogue cannot be 
methylated at the substituted site™%. Moreover, during the 
‘chase’ period most of the analogue is diluted out by replication. 
Thus, its effect on methylation occurs during the initial treat- 
ment, but the undermethylated state is nevertheless propagated 
to daughter cells independent of the continual presence of the 
analogue. 

Figure 5A shows MspI and Hpall digestions of DNA from 
control and 5-azacytidine (AZA)-treated MSB cells. Although 
ev- 1 MspI fragments are generally similar in red blood ceils (Fig. 
4) and MSB cells (Fig. 5), a small amount of what may be partial 
and limit restriction fragments is present in Hpall digests of 
MSB [for example, bands c and d in Fig. 5A (left)], but not 
erythrocyte DNA when blots containing restricted DNA from 
both cell types are exposed equivalently. As the MSB cells are 
routinely subcloned, these limit Hpall fragments may reflect the 
fidelity with which a particular methylation pattern is trans- 
mitted to daughter cells during DNA replication. 

In contrast to the very small amount of signal observed in the 
limit restriction fragments from control MSB cells, exposure of 
these cells to azacytidine results in the genration by Hpall of the 
major MspI e fragments observed in control DNA. Based on the 
relative intensities of the e band observed in MspI and Hpall 
digests (Fig. 5A), within the limits of our assay, ~ 50% of the 
ev- 1 Msp fragments in these cells are now undermethylated. We 
presume that this reflects the degree of substitution of 5-azacy- 
tidine during the initial treatment period. 

To assay for gene expression, we isolated cytoplasmic RNA 
from control and azacytidine-treated MSB cells, ‘dotted’ the 
RNA on to nitocellulose** and assayed for the appearance of 
RAV-O-related sequences by hybridization with **P-RAV-O 
cDNA (Fig. 5B). In these conditions we cannot detect significant 
signal from control cells, but signal from the AZA-MSB cells is 
observed as early as 24h after removal of the analogue. 
Although the total amount of viral RNA increases between 24 
and 48 h post-exposure, virus-specific RNA sequences change 
little between 48 and 72h. To quantify ev-i-coded RNA 
sequences, we compared the intensities of the AZA-MSB RNA 
‘dots’ with that from RNA isolated from chick embryo fibro- 
blasts (CEF) infected with RSV, which by solution hybridization 
analysis contain ~ 5,000 copies of virus-specific RNA per cell 
(not shown). As the intensity of the 10 ug AZA-MSB ‘dots’ is 
comparable with that of the 0.1-ng¢ RSV-CEF ‘dots’, we esti- 
mate that AZA-MSB cells contain ~50 copies of RAV-O- 
related RNA per cell. This has also been confirmed by con- 
ventional hybridization analysis in solution. Obviously, this 
assay gives no information regarding the number of cells actually 
transcribing ev-1 (see below); however, here we are interested 
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Fig. § Induction of ev-1 expression by 5-azacytidine. MSB cells were grown in media containing 3 uM 5-azacytidine (AZA) for 24 h, the analogue-containing 
medium was removed and the cells analysed 24, 48, 72 or 96 h after removal of the drug. A, Restriction of DNA from control (CON) and 5-agacytidine-treated 
(AZA) MSB cells with Hpall (H) and MspI (M) 24 and 96 h after removal of the analogue, and hybridization to *P-RAV-O cDNA. B, ‘Dot blots’ af cytoplasmic 
RNA isolated from control MSB cells, MSB cells at 24, 48 or 72 h after exposure to 5-azacytidine, and chick embryo fibroblasts (CEF) infected with RSV, 16, 1, 0.1 
and 0.01 pg of each RNA sample were denatured at 65 °C, spotted in duplicate on to dry nitrocellulose filter paper (previously wetted with HO and soaked in 
20 x SSC for 30 min), dried under a heat-lamp, and baked at 80°C under vacuum for 2 h. The RNA-containing filters were prehybridized and then hybridized to 
*p.RAV-O cDNA. C, Analysis of retrovirus proteins in untreated or azacytidine-treated MSB cells. MSB cells were treated with 3 aM azacytidine for 24 h and 
allowed to grow for 3 additional days after removal of the drug. Untreated cells from the same culture were grown in parallel, The cells werewashed and incubated for 
1 hat 37 °C with 200 pCi **S-methionine in methionine-deficient medium. Quail embryo fibroblasts (QEF) productively infected with the wild-type virus $2+ were 
similarly labelled. Cells were lysed as previously described** and treated with 4 yl of a rabbit antiserum raised against purified retrovirus gag proteing and 80 yl of 
fixed Staphylococcus aureus, The immune complexes were washed extensively, dissolved in SDS (5% ) electrophoresis sample buffer and subjected to electrophoresis 
on a 12.5% polyacrylamide slab gel; an autoradiograph of the dried gel is shown. The various gag-related polypeptides immunoprecipitated with the antiserum 
represent the different cleavage proteins generated from the primary precursor, Pr76"*. D, Hybridization of a **P-nick translated, embryonic 8-globin 
gene containing plasmid to Hpall (H)- and MspI (M)-digested DNA from control (CON) and 5-azacytidine-treated (AZA) MSB cell populations 96 h after 
removal of the analogue. 


in any transcription of the retroviral locus in the AZA-cells 
compared with control MSB cells. Interestingly, analysis of viral 
RNA content in cells containing the active endogenous ev-3 
genome has revealed that such cells also contain ~ 50 copies of 
RAV-O-related RNA per cell’. 

We also investigated the synthesis of viral proteins in the 
5-azacytidine-treated cells. MSB cells have been characterized 
as negative for endogenous retroviral gag, pol and env gene 
expression”® and, as shown in Fig. 5C, we could not detect any of 
the viral internal structural proteins (gag) in the control MSB 
cells. However, Fig. 5C also shows that the gag precursor 
polyprotein Pr76** and two of its cleavage intermediates, Pr66 
and Pr60, are detectable in MSB cells assayed 72h after 
exposure to azacytidine. Of significance, viral particles are also 
detectable in the supernatant medium from these cells, but they 
do not contain reverse transcriptase (R. Eisenman and K. 
Conklin, unpublished observations). The absence of reverse 
transcriptase actually facilitates our assay, for the particles are 
thus uninfectious, and our results cannot be attributed to re- 
infection of the AZA-MSB cells by RAV-O. (A detailed 
characterization of the viral RNA, protein and particles is in 
preparation.) 

As expected from the results of Jones and Taylor”, our results 
depend on incorporation of the analogue into cellular DNA; 
concurrent exposure of MSB cells to azacytidine and inhibition 
of DNA synthesis by cytosine arabinoside or hydroxyurea 
results in none of the observed changes in DNA methylation or 
viral RNA accumulation (not shown). We have also observed 
that 24 h exposure of MSB cells to concentrations of azacytidine 
>7 uM results in severe toxicity, with only 10-20% of the cells 
remaining viable 48 h after its removal. At the concentration 
used in these experiments (3 pM), a minimum of 50% of the 
cells are viable when assayed at 48 h post ‘wash-out’. We have 
also observed ev-1 activation on 8 h exposure of MSB cells to 
1 uM azacytidine and, in these conditions, >90% of the cells 
remain viable. Finally, we have observed similar changes in ev- 1 








DNA methylation, RNA accumulation and protein synthesis on 
exposure of cultures of ev- 1 containing chick embryo fibroblasts 
to the analogue (unpublished observations). Thus, azacytidine is 
effective both in activating whole programmes of differentiation 
in mouse cells” (see discussion) and in activating a particular 
gene in chicken cells, in a continuous line and in primary 
fibroblasts. 

In contrast to the 5-azacytidine-induced undermethylation of 
regions of ev-1, we have observed no significant changes in the 
methylated state of five different a- and 8-globin genes in these 
same S-azacytidine-treated MSB cells. For example, using an 
embryonic -globin probe and the same MSB AZA-DNA 
described above, none of the globin-specific Mspl-generated 
fragments is observed with Hpall digestion (Fig. 5D). The 
methylated state of these various globin genes has been main- 
tained in every MSB AZA-DNA sample tested. Thus, the 
undermethylated state resulting from 5-ezacytidine treatment is 
apparently non-random (see discussion). 


An ev-1 hypersensitive site induced by 


5-azacytidine 
As mentioned above, regions of DNase I hypersensitivity have 
been described for several  transcriptionally active 


genes’’*'>97_ Although HMG 14 and 17 are responsible, at 
least in part, for the preferential sensitivity of each nucleosome 
within a particular transcription unit**, the basis of the hyper- 
sensitivity of the particular point site is unclear (see ref. 39 for 
extensive discussion). Using B-globin genes, we demonstrated 
previously that the appearance of these sites coincides with the 
developmental activation of any one particular 8-globin gene. 
Thus, although no 8-globin-hypersensitive sites are observed in 
precursor haematocytoblasts, such sites are detectable near the 
embryonic -globin genes in daughter, first generation eryth- 
roblasts’®. The generation of hypersensitive sites during 
development suggests that these regions are not ‘stable’ areas in 
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Fig.6 Appearance of a DNase I-hypersensitive site after treatment of MSB 
cells with S-azacytidine. Nuclei from contro! MSB cells and MSB cells 72 h 
after exposure to 5-azacytidine were incubated with increasing amounts of 
DNase I and analysed as described for red blood cell nuclei in Fig. 1. 
Although no sub-band is detectable in the control cells, a prominent 7.5-kbp 
sub-band (in addition to the expected 10.5-kbp ev-1 Sst] fragment) is 
observed in these cells after exposure to the cytosine analogue. 


terms of chromosomal conformation, but are the results of 
processes involved in the developmental activation of particular 
regions of the chromosome. We wondered, therefore, whether 
the transcriptional activation of ev-1 by 5-azacytidine was also 
correlated with the generation of a hypersensitive site within the 
chromosomal domain of this retroviral genome. Figure 6 shows 
the results of low-level DNase I digestions of control and 
azacytidine-treated MSB cells. Whereas no ev-1-related sub- 
bands are detectable in the Ss¢l-restricted DNA from control 
cells, a prominent 7.5-kbp sub-band is observed in the DNA 
isolated from DNase I-digested nuclei of MSB cells, analysed 
72 hafter exposure to the analogue, In addition, the intensity of 
the sub-band and the kinetics of its disappearance compared 
with those of the 10.5-kbp ev-1 Ssl fragment, indicate that the 
hypersensitive site is present in ~50% of the cells in the 
azacytidine-treated population. Thus, the activation of ev-1 by 
5-azacytidine is associated wtih a change in the chromosomal 
conformation of this gene, paralleling the developmental 
activation of the chicken globin genes. 

Extensive mapping of the azacytidine-induced ev- 1 sub-band 
(similar to that described in mapping the ev-3 sub-band) has 
revealed site-specific double-stranded cuts in both the 3’ and 5’ 
LTRs of the endogenous retrovirus (unpublished observations), 
suggesting that transcriptional activity of two distinct endo- 
genous retroviral loci is associated with a conformational change 
at a specific sequence located at both ends of these genomes. 


Discussion 


The experiments described above reveal that the expression 
of retroviral genomes, like many genes, is correlated with the 
conformation of these sequences in chromatin. Thus, the 
unexpressed ev-1 locus is no more sensitive to DNase I than 
bulk DNA, whereas the transcriptionally active ev-3 locus is 
preferentially sensitive to DNase digestion. In addition, and 
again as in several other systems, the unexpressed ev- 1 is highly 
methylated at CCGG residues, whereas the ‘active’ ev-3 is 
relatively undermethylated at these sites, Similarly, although no 
hypersensitive site is observed on low level DNase digestion of 
ev- 1, two hypersensitive sites are detectable (with both DNase I 
and staphylococcal nuclease) in ev-3. These sites are located 
within the LTR on either side of this retroviral genome. As 
described by Ju and Skalka”, the LTRs of many retroviruses 
contain regions of homology with several other genetic ele- 
ments. Particularly intriguing is a 15/20-bp sequence homology 
between the retroviral LTRs (CGTCATTCG*ACGATAG- 
TAG) and a tandemly repeated region in SV40 
(CGT“TTCGTACG’TAG‘AG), in which this sequence is 
present in a location recently described as essential for the 
initiation in vive of early transcription“. In addition, this same 
region of $V40 contains a DNase I-hypersensitive site asso- 
ciated with early transcription (C. Cremisi, unpublished obser- 
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vation) and is part of a larger region that is preferentially 
exposed to staphylococcal nuclease and various restriction 
endonucleases late in infection*’**. The ev-3 sub-band mapping 
data presented above tend to localize the ev-3-hypersensitive 
sites to the border of the 5’ and 3’ sequences within the LTR (see 
Fig. 3); however, the error in this analysis is such (+100 bp) that 
the hypersensitive site could be located in the region of the LTR 
containing sequence homology with SV40. Several other 
sequences important in transcriptional control—a TATAA box 
and a cap site—are also located within this 200-bp region of the 
LTR. Given the location of such sites in both LTRs, we believe 
that a particular DNA sequence or sequences dictates the 
chromosomal conformation revealed by the DNase I-hyper- 
sensitive sites. Clearly, other factors (such as the pattern of DNA 
methylation) are also important because in normal chicken cells 
the LTRs present in ev-1 are not hypersensitive even though 
they contain sequences with the potential for generating hyper- 
sensitive regions, as evidenced by the appearance of such sites 
after treatment with azacytidine. Recently, Blair et al.*? have 
shown that ligation of LTRs to either the 5’ or the 3’ side of a 
virus-transforming gene increased the frequency of morpholo- 
gically transformed colonies after DNA transfection. In the 
context of the present experiments, these results suggest that 
LTRs increase transcription not only by providing a high- 
efficiency ‘promoter™, but also by ‘opening-up’ large tracts or 
domains of chromatin structure, possibly by phasing adjacent 
nucleosomes or segregating genes into a specific nuclear 
compartment required for transcription. If this is so, and if the 
LTR signal for this proposed change in chromatin structure is 
bidirectional (as its many inverted repeats suggest), it would not 
be surprising if these sequences have an effect when placed 
either 5’ or 3’ to a given gene. Although the biochemical basis for 
the hypersensitivity is unknown., these sites may represent 
regions of specific interactions with DNA sequence recognizing 
proteins. DNA ‘footprinting’ analysis of several DNA binding 
proteins has shown that sites within the binding domain of the 
protein can be 10-100-fold more sensitive to DNase I cutting 
when the protein is bound**. 

We have also demonstrated that S-azacytidine-induced 
undermethylation of the unexpressed ev-1 results in the tran- 
scriptional activation of this retroviral genome. In contrast to the 
induction of murine proviruses by such agents as BUdR and 
IUGR, induction of ev- 1 in chickens by halogenated pyrimidines 
or other agents has not been demonstrated. However, several 
experiments ***’, and our preliminary results, indicate that ev-1 
cannot be efficiently induced by such agents. Although our 
azacytidine results strongly suggest that ev-1 activation is 
effected through a change in the methylated state of DNA, this 
has not been proved (for example, by DNA-mediated transfer). 
However, it is supported by the evidence presented above 
(change in cutting at Hpall sites; requirement for DNA 
synthesis; and generation of hypersensitive sites) and by the 
findings that ethionine and 3-deazaadenosine, two very different 
types of analogues which affect DNA methylation, also induce 
gene activity“. Nevertheless, at present there is no direct 
experiment to exclude the possiblity that azacytidine leads to the 
activation of some other cellular locus which, in turn, activates 
the ev- 1 locus. In this regard, results of transfection experiments 
in murine cells indicate that halogenated pyrimidines can affect 
viral gene transcription by acting at a site other than the viral 
genome™. Our inability to observe 5-azacytidine-induced 
changes in the methylated state of several globin genes in the 
same cells in which regions of ev-1 are clearly undermethylated 
could be interpreted to support such a trans effect, assuming that 
the ‘target size’ for the putative regulating locus of ev-1 is much 
larger than that for the entire globin domain. Alternatively, it 
seems more reasonable that initially all genes are equivalently 
undermethylated, but that some type of selective correction 
mechanism leads to the re-methylation of the globin genes. 
Finally, the observed selective undermethylation of ev-1 in the 
AZA-MSB ceils could be due to a non-random incorporation of 
the analogue. All these possibilities are being investigated. 
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The role of DNA methylation and gene function has been 
studied by several laboratories and recently reviewed by Razin 
and Riggs*'. Our own work focuses on a particular gene and also 
suggests that undermethylation is important in generating a 
chromosomal structure permissive for transcription, for the 
transcriptional activation of ev-1 accompanies the appearance 
of a hypersensitive site, similar in location to that point site 
associated with the transcriptionally active ev-3. Our experi- 
ments seem to suggest that undermethylaton of all or a specific 
subset of CpG dinucleotide sites within the chromosomal 
domain of a given gene precedes the acquisition in chromatin by 
that gene of a conformational change permissive for tran- 
scription. It seems useful to compare our results on the activa- 
tion of ev-1 with those of Jones and Taylor, who monitored 
cytodifferentiation, the presumed activation of entire pro- 
grammes for gene activity. Using roughly comparable degrees of 
exposure to azacytidine, we estimate that at least 50% of the 
ev-1 loci are activated (see above), whereas Jones and Taylor 
observed about 1% of the cells in their cultures differentiating, 
for example, into muscle cells. We presume that the differences 
in frequency refiect the relative sizes of the respective targets 
needed to be substituted for the two assays. This could 
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represent a requirement for greater substitution in a single 
target for myogenesis or, more likely, a requirement to 
activate more genes before muscle cytodifferentiation can be 
scored. p: 

Although the examples of chicken a- and @-globin genes", 
and the active retroviral genomes described above, show a 
striking correlation between gene expression and hypomethyl- 
ation of almost all the Hpall sites in a transcription unit, most 
studies in other systems do not support such a simple correlation 
(for example, ref. 10). Thus, we feel that undermethylation of 
specific regions of a locus®?'° may be the signal important in 
generating an active chromatin structure. This hypothesis pre- 
dicts that exposure of MSB cells to very low levels of 5- 
azacytidine should result in the transcriptional activation of ev- 1 
in a subpopulation of the cells undermethylated only at one site 
or a few sites, possibly within the LTR. Analysis of subclones of 
such cells would then be expected also to reveal a specific 
hypersensitive site. 
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The Red Rectangle’ is a nebula centred on the star HD44179. 
Within an amorphous blue nebula is embedded a hollow 
biconical red nebula with apex at the star. The generators of the 
hollow bicone show in projection as four spikes radiating from 
HD44179. The bicone has a hitherto totally unidentified spec- 
trum. In high resolution spectra of the nebula we have identified 
a narrow-line component (Na D, Ca H and K, Ha) from a low 
excitation plasma and we have resolved broader features 
presumably from molecular bands. Here we give constraints on 
the molecules responsible, and propose as a candidate carbyne 
(linear chains of carbon with alternate single and triple bonds). 
The Red Rectangle may thus be a factory for the production of 
east iad material from which some interstellar molecules are 
made. 
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Low resolution (50 A) spectra” of the Red Rectangle show a 
blue continuum spectrum identical to that of the central star, 
plus a broad red emission feature which extends over 2,100 / 
and is centred near 6,400 A. From polarization measurements * 
itis clear that, while the blue spectrum is scattered star light from 
HD44179, the red spectrum is emission originating on the 
bicone. Polarization studies indicate* that the bicone is formed 
of a concentration of dust grains as weil as the unknown ingre- 
dient Xpz responsible for the red emission feature. Moderate 
resolution spectra (10 A) break? the feature into considerable 
structure, including resolved components grouped like molecu- 
lar band-heads, presumably from a molecule X gr in association 
with the dust grains which give the polarization behaviour. IR 
spectra'* of HD44179 itself show emission bands also usually 
seen in association with dust, but not the 9.7-y:m feature which is 
a signature of silicates. g 

We have taken high resolution (1 A) spectra of the Red 
Rectangle on the 3.9-m Anglo—Austraiian Telescope in several 
positions in the nebula, and spectra of the central star, in the 
wavelength range à 3,400-6,600. Figure 1 illustrates the spati- 
ally summed spectrum of the nebula in the wavelength range 
à 5,700-6,660, which includes most of the red emission feature. 
Figure 2 illustrates the blue spectrum 3,400-4,400 A which 
shows prominently the Balmer absorption lines in the reflection 
spectrum. 
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Fig. 1 Spectrum of section 1.2 arc s wide across the nebula, centred 7 arc s north of HD44179 at position angle 120°, as observed for 10,000 s 
with 0.5 A spectral elements. Ordinate represents photons detectable per element in a perfectly efficient 3.9-m telescope. The D lines and Ha are 
superimposed on a banded spectrum. (The feature at 6,300 A is from night-sky emission.) 


In these spectra of the nebulosity there are four distinct types 
of emission features superimposed on the scattered stellar 
continuum: 

(1) The nebula contains narrow emission lines at the 
wavelengths Na D (strong), Ha (weak), and Carr H and K 
(strong). The central star has strong narrow emission lines of 
Na D and strong Ha emission, but no detectable H and K 
emission; on the contrary, there is weak K-line absorption, 
perhaps interstellar. Thus these nebular emission lines are not 
scattered starlight but are intrinsic emission from the nebula. 
Indeed, the ratio of the Na D lines varies across the nebula, 
being ~2:1 (optically thin) just outside and within the bicone 
but ~1:1 (optically thick) on the spikes, thus confirming the 
hollow structure of the bicone. There is no detectable broaden- 
ing or splitting or velocity shift of the sodium lines across the 
nebula, and we estimate that projected bulk motions in this 
plasma are less than 15 km s™', and turbulent motion has a 
FWHM less than 35 km s™*. The narrow emission lines are from 
a very low excitation plasma. The ionization potentials of Na I 
and Catt are 5.1 and 11.9eV; the weak Ha indicates that 
ionization energies just up to 13.6 eV are available. The mean 
surface brightness of Ha over the part of the nebula which we 
measured is 6.9 x 10° photons s~’ sr™* em~? which is consistent 
with ionization by the AO-B8 II-III star HD44179 (Strömgren 
sphere of 1-2 pc diameter) of 3-8 x 107° solar masses of hydro- 
gen (distance’ of 330 pc, angular size = 0.5 are min FWHM) with 
r.m.s. density in the range 40-100 cm™*. The Ha detection is 
consistent with upper limits to radio detection’ at 8.4 and 
15 GHz of ~0.05 Jy. The low excitation spectrum of the nebula 
indicates that its temperature is lower than the canonical 10*K of 
a typical H11 region. Other low temperature H 1! regions’, 
which may be cooled by abundance anomalies’ (metal rich), 











have temperatures in the region of 4,000 K, and judging by its 
low ionization, the Red Rectangle may be cooler still. 

The other three types of feature in the spectrum of the Red 
Rectangle are difficult to identify. 

(2) There is the very broad feature, which ranges? from 
A 5,400 to 7,500. 

(3) There are R-type band-like features characterized by a 
sharp rise from the shorter wavelength and a gradual degrada- 
tion to the red"; these occur at A 5,799, 5,855, 5,880 and 6,615, 
the first two and the last one being most prominent. All these 
features have very similar structure and their relative intensities 
remain reasonably constant with position in the nebula. 
However, the degree of degradation to the red seems to 
decrease on the spikes at the edge of the biconical nebula. No 
velocity structure, as measured by the peak of the R-type 
features, can be seen over the nebula, to an accuracy of 
50kms"', 

(4) The emission from the Red Rectangle also contains 
M-type diffuse features that are broad (10-20 A FWHM), 
peaked in the middle and centred at A5,828, 5,913, 5,938, 
6,109, 6,208, 6,378, 6,420, 6,563. There may be weak features 
in the blue spectrum but because of low signal-to-noise and 
confusion with the Balmer series we cannot identify them well; 
we note the possible feature at 4,044-4,053. 

The ingredient Xpr which gives rise to all these features may 
be simple molecules trapped on the grains abundant within 
the nebula, in which case the mode of attachment may modify 
the emission wavelengths and a comparison with laboratory 
spectra of ‘free’ molecules would not yield an identification. 
Alternatively the emission may be from the grains themselves 
undergoing a form of fluorescence as a result of some illumina- 
tion from the central star, although no outstanding stellar spec- 
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Fig.2 Spectrum of the blue region of the nebular spectrum showing H and K emission superimposéd on the Balmer line continuum of scattered 
star light. Ordinate as Fig. 1, for 2,000 s integration. 
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tral component for this illumination can be identified. It is more 
likely? that ingredient Xrr consists of free molecules in the 
nebular medium. 

If the features are molecular emission lines? then the very 
broad emission feature (2) could correspond to molecular dis- 
sociation, and features (3) and (4) could be transitions between 
vibrational states of different electronic states of the molecule. 
The diffuse or degraded structure could correspond to rotational 
broadening, and changes in the degradation from place to place 
correspond to a difference in excitation temperature. The ques- 
tion arises as to which molecule Xpz might be. 

There are some coincidences’ between the spectrum of the 
Red Rectangle and that of H,O* (as found in comets’) and of C; 
but in each case there are additional spectral lines of these 
molecules that are absent from the spectra. The C; series is the 
better fit because in the laboratory it produces phosphorescent 
lines at 5,856, 5,874, 5,911, 5,969 and 6,308 A in a neon 
trapping gas, witha 50-A shift to the red in argon’. A 57-A shift 
to the blue (in an arbitrary attempt to simulate the environment 
in the Red Rectangle) produces 5,799, 5,817, 5,854, 5,912 and 
6,251 A which may be identified with the Xpe transitions at 
5,799, 5,8287, 5,855, 5,912 and 6,208?? A but does not identify 
the third strongest band at 6,615. It is tempting to identify the 
weak blue feature at 4,050 A with the strongest of the Swings’ 
band of C;, and this would indicate that there may be limited 
regions in the Red Rectangle with temperature <3,000 K. 

There is, however, a general similarity between the spectrum 
of the Red Rectangle and those of some open-shell organic 
cations studied by Maier’, They have a broad (~2,000 A) 
dissociation spectrum in the red (5,000-8,000 A region for the 
examples given) and red degraded or middle-peaked bands 
which are strongest on the blue end of the broad feature. 
Common building blocks of many of these linear organic mole- 
cules are the C==C and C—C bonds. Maier’ gives the vibra- 
tional frequencies of the stretching fundamentals of the C=C 
and C—C bonds as 2,119 and 629 cm™' for the ground molecu- 
lar state of dicyanoacetylene. These frequencies are not 
significantly different (+20%) for the same bonds in other linear 
cations quoted by him or for the neutral molecules which we 
anticipate will be present in the Red Rectangle. It so happens 
that in the Red Rectangle spectrum the stronger bands at 
45,799 and 46,615 have an energy difference of 2,127 cm™' and 
the bands at A 5,880 and A6,109 have a difference of 638 cm™'. 
As both these energy differences in Xpp correspond well with 
those of the C==C and C—C bond stretching frequencies, it is 
tempting to identify Xęr with an unknown linear organic 
molecule that is constituted in part by C=C and C—C 
configurations. Linear carbon chain molecules have low trans- 
verse vibrational frequencies and these may also contribute in 
addition to rotational effects to the detailed structure of the 
observed band-like features. 

Many of the organic molecules found in the interstellar 
medium contain some such configurations, for example cyano- 
acetylene”? (H—-C==:C—C=N). Carbyne, which has been 
proposed“ as a constituent of interstellar material, is a linear 
structure of carbon with strings of C—C==C chains. Webster’ 
attributes some of the unidentified IR bands between 3.27 and 
11.3 um to carbyne; they are carried by something that is 
carbon-rich’*"* and are present’ in HD44179. Carbyne is 
stable'” between 2,600 K and 3,800 K, consistent with the 
temperature of the narrow-line plasma in which the bicone is 
bathed. Carbyne might be produced’” above ~3,000K from C, 
molecules (C=C=C) by transfer of one bond and/or from 
graphite grains by fracturing the hexagonal planes of which 
graphite is composed. We have pointed already to the marginal 
evidence for the 4,050 Swings’ C, band in the Red Rectangle 
and to the absence of the 9.7-um feature in the grains in 
HD44179 so that in the absence of silicate grains'*** we there- 
fore suppose they may be graphite in an oxygen-deficient 
environment. It is thus conceivable that carbon phases asso- 
ciated with carbyne are present in the Red Rectangle, and it is a 
likely candidate for Xpp although in the absence of a reference 
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spectrum the case is circumstantial. We cannot exclude other 
molecules as we have no explanations forseveral features in the 
spectra. 

The formation of a linear molecule such as carbyne in the 
nebular environment around stars like the Red Rectangle may 
be an important initial step in the production of the many 
organic molecules found in the interstellar medium. 

We thank D. T. Clark, G. D. Rochester and Sue Worswick for 
help with the molecular spectroscopy. 
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The central issue concerning the nature of the § March 1979 
y-ray burst is that of whether its source is the supernova remnant 
N49 in the Large Magellanic Cloud (LMC), whose extragalactic 
distance implies unusually high (super-Eddington) luminosity. 
Although the optically thin synchrotron mechanism proposed 
by Ramaty er al.’ has met many of the earlier theoretical 
objections, other evidence is needed to support or disprove such 
an extragalactic origin. I point out here that the observed” burst 
spectrum seems to be most naturally and consistently inter- 
preted as that of a synchrotron spectrum modified by inverse 
Compton scattering from ~MeVe*-pairs. (Inverse 
Comptonization describes the gain of energy by photons as a 
result of scattering with electrons of much higher energy.) This 
model then allows us to derive, from first principles, the intrinsic 
synchrotron luminosity of the burst source, which agrees basic- 
ally with that expected from N49 (distance ~55 kpe}. 

The model spectrum of Ramaty et al,’ suggests that the 
spectral density above ~400 keV is greater than that from a 
simple redshifted pair annihilation line (Fig. 1). On the other 
hand, a power-law tail with a high energy cutoff (at 1.5-2 MeV 
in the present case, Fig. 1) is produced when a copious supply of 
soft photons (the synchrotron X rays below ~300 keV in the 
present case) is made more energetic by Compton scattering 
from hot electrons, provided that the Comptonization is 
unsaturated (the average fractional energy gain of the emerging 
photons = y < 1)™*, This has become the normal interpretation 
of the X-ray spectra of Cyg X-1 and of active galaxies. It is 
evident that the same relativistic pairs that are emitting the 
synchrotron X rays in the model of Ramaty er al.' would 
automatically also Compton upscatter some of them, despite the 
low scattering depth. Hence, the dominant contribution to the y 
intensity above the break at ~300 keV (Fig. 1) is taken here to 
be comptonized photons, with only a small admixture of 
redshifted 511-keV photons producing the bump at 430 keV 
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(ref. 2). Uncertainty in the annihilation photon contribution 
does not matter in our estimates as long as it is smaller than the 
continuum. But, to be specific, the Compton continuum is taken 
as that lying below the dashed line in Fig. 1, with the excess due 
to the line contribution. The dashed line is the best fit to the data 
based on the general form of the unsaturated inverse Compton 
spectrum®” (see below). 

In the limit when comptonization is highly unsaturated (y = 
Kompaneet parameter « 1)*°, which is evidently the case here, 
the ratio of the hard comotonized energy flux Fe to the 
uncomptonized soft flux Fs is simply F-/Fs~y (refs 3,5). 
Breaking the spectrum at ~200 keV (Fig. 1: S denotes synch- 
rotron component; C, Compton component) we find 


Feo 
yer 0.07 (1) 


Also, in the optically thin limit (7,,« 1), the ratio of comptonized 
photons Nc to uncomptonizec photons N; is the mean scattering 
probability: 


N, 
Tes = 565x107 (2) 
S 
(from Fig. 1). In the relativistic regime™*, 
y = $ret? 


where T = E/m.c? is the average relativistic factor of the pairs. 
Hence, 


I’°=8.9 or [3 (3) 


This is consistent with the apparent steepening of the tail above 
~1 MeV. Pozdnyakov et alf have derived the spectral index of 
the power law tail for relativistic comptonization. The effective 
spectral index in the present case is® 


Se, In Tes 

In (47?/3) 
using equations (2) and (3). Hence, the predicted photon 
number spectrum is in approximate agreement with the dashed 


curve (ref. 6, Fig. 4). 
From equation (2), we find the pair column density 


2.04 (4) 


neh = (n, +n )h == 3.42107 cm” (5) 


TKN 


where the Klein-Nishina cross-section oxy ~ 1.9 x 10°% cm? at 


I ~3, The soft component is essentially an exponential of decay 
constant ~20 to 30 keV. Interpreting this as the (redshifted) 
critical synchrotron frequency”, we have 


hv. = 1.78107" Baas? keV 
#30 keV (6) 
Hence, 
B~=~1.9x10'G (7) 


consistent with the field expected at a typical neutron star 
surface. From equation (5) and (7), we derive the intrinsic 
synchrotron luminosity 


Loyn = 2.3X 10°72 B7T7 nc hifg 
= f,2.5x10% ergs” (8) 


where f, is the fraction of the surface area of a 15-km neutron 
star that is emitting. This (optically thin) synchrotron luminosity, 
which is derived without any reference to the assumed distance 
to the source, is so close to the quoted burst luminosity of 
~3x10“ergs' at the distance of N49 that it serves as a 
consistency check on the LMC identification (/, is expected to 
be of the order unity from the width of the subsequent 8-s period 
pulses’). The mean synchrotron self-absorption depth is 7.,,~ 
10°*, completely justifying the optically thin assumption (used 
in equation (8)). In fact, the frequency at which the self-absorp- 
tion depth approaches 1 is ~20 keV, consistent with the obser- 
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Fig. 1 Comparison of the models of the § March 1979 y-ray 
transient, according to Mazets* and Ramaty et al.” with the present 
inverse Compton continuum. 
ved low-energy turnover. The synchrotron cooling time of the 

relativistic pairs is 





=2xlo s (9) 


much shorter than bremsstralung cooling time or pair anni- 
hilation time. Hence, the pairs cool before annihilation, as 
expected’, However, their probability of Compton-upscattering 
soft photons before cooling down is still high because of the large 
amount of soft photons present: 


~3x107% s 





les 
nyOKne 


Equation (9) also indicates that the long duration of the burst 
(~120 ms) must be supported by a continuous supply of rela- 
tivistic pairs which may be produced from slow dissipation of 
large energy reserves (for example, neutron star vibrations of 
ref. 9). 

If we identify all the excess above the dashed line continuum 
in Fig. 1 as coming from pair annihilation, we find (now assuming 
a true distance of 55 kpc) for the pair annihilation luminosity 

L~1.8x10* ergs” (10) 
or 
n,n_hf, = 1.4 10% (11) 
Assuming n, =n, we have, combining equations (11) and (5), 
n,=10°f;! cem” 
and 
h=2x10"f, om (12) 


These numbers are generally similar to those of Ramaty et al.’ 
One clue as to why h is so small may be the extremely short 
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cooling time of the relativistic pairs which limits the distance 
over which a newly created pair can traverse before cooling 
down (Ctsyn soot = 6 X 10°* cm). Of course, we still need to explain 
why all pairs must be created in such a thin layer. As with all 
models dealing with an LMC origin, this model still faces 
problems related to the huge energy source, fast coupling, and 
the slow decay of the subsequent pulsations. Of course, interes- 
ting ideas have already been proposed (see ref. 9), but detailed 
analysis remains to be done. 

I thank Vahe Petrosian and Spiro Antiochos for detailed 
discussions and Rueven Ramaty for comments. Lorna Campbell 
first drew my attention to this event. I also thank Tom Cline for 
communicating the latest refinement of the position deter- 
mination, which puts the y-source definitely inside N49 X ray 
contours but not at the centre’’. 

This research was partially supported by NASA grants NAS 
8-33234 and NGR 05-020-668. 
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The Tieschitz H3 chondrite contains 0.25% bulk carbon’ but 
concentrations of as much as 2-6% (ref. 2) occur in black, 
10-20 jam-wide rims around chondrules that are thought to 
have accreted before the agglomeration of the stone”. These 
rims are extremely fine-grained and compact, the main consti- 
tuent being an iron-rich olivine (Fa 60-65) as shown by a 
Debye-Sherrer X-ray diffractogram, in good agreement with 
the FeO/FeO+MgO matrix value”*®. To further our under- 
standing of the rim composition and of the thermal history of the 
stone, we used the MOLE Raman laser microprobe’ to charac- 
terize the carbon constituent, We report here that it is a highly 
disordered graphite with a progressive ordering as shown by 
samples heated to temperatures between 300 and 600 °C. Ties- 
chitz could not have been heated to more than 300-350 °C. 

Polished sections were prepared from Tieschitz samples pre- 
viously heated in a nitrogen flux to 300 and 350 °C for 2 h, and to 
400 and 600 °C for 1 h. These four samples were then compared 
with a section of Tieschitz that had not been heated. Areas of 
interest were precisely located under the microscope and 
recorded on photomicrographs. The specimens were then 
transferred to the MOLE microprobe (Jobin-Yvon). The power 
of the 5,145-A line of a Spectraphysics 160 argon ion laser is 
10 mW at the sample surface, thus the laser beam was slightly 
defocused to avoid degradation of the sample during analysis 
and the resulting excited area was ~10 ym’. The nominal 
magnification used was x 1,000 and width of the spectral slit was 
6cm™'. As the width of the observed bands was large, the 
precision of the reported frequencies is +5 cm~’. The reported 
relative intensities were not corrected for the spectrometer 
yield, thus the 1,605cm™' line is underestimated by ~3% 
compared with the 1,355 cm”? line. 
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Fig. 1 Raman spectra between 1,100 and 1,800 em’ of chon- 
drule rims in the Tieschitz H3 chondrite; a, unheated sample; b, 
sample heated to 300°C; c sample heated to 600°C. 


In the 2,500-1,000 cm™ region, the monocrystalline graphite 
Raman spectrum exhibits a single band at 1,575 om’, whereas 
polycrystalline graphite and more or less disordered carbon 
materials show two main bands at 1,605 and 1,355 .cm™', the 


relative intensities of which depend on the degree of ‘graphi- 


tization’*"°. The 1,605 cm” band, deriving from crystallized 
graphite, is related to vibrations in the layers. The 1,355 on” 
band may be assigned to distortion of the hexagonal lattice. The 
relative intensity ratio of the two bands p = 1(1,605)/1(1,355) 
can thus be used as a measure of the imperfection of the graphite 
layer planes, This was done for carbons heat-treated tempera- 
tures between 1,000 and 2,500 °C*”, A relation between p and 
the size of the carbon particles was also found’, although it 
remains to be established whether this is a causal relationship. 

About 10 carbon-rich rim areas were studied for each of the 
Tieschitz sections between 900 and 2,300 cm™. No detectable 
degradation of the sample was observed during recording of 
spectra. To monitor possible effects of degradation, each spec- 
trum was registered in a symmetric mode, sweeping the relevant 
frequencies both ways. In all cases studied, only the two bands of 
more or less graphitized carbon were found (Fig. 1). Carbynes, 
the occurrence of which is questioned in carbonaceous chon- 
drites''"'? were not detected here. 

The relative intensity ratio p, determined for each specimen 
over 10 spectra, shows a deviation of <4% with respect to the 
mean. This should be ascribed to experimental errors (because 
of the rather low signal-to-noise ratio) rather than to the exis- 
tence of real variations. For unheated Tieschitz p = 0.92 0.03. 
This ratio increases with increasing temperature for the heat- 
treated specimens, and thus constitutes a convenient index for 
the degree of crystallinity of the sample. For ¢= 300, 350, 400 
and 600°C, p = 0,93, 0.97, 1.05 and 1.23, respectively. In the 
relatively narrow temperature range investigated, p increased 
linearly with ¢ (Fig. 2). The p for unheated Tieschitz is almost 
indistinguishable from that of the sample heated to 300°C. We 
can therefore conclude that Tieschitz, after accretion, was not 
heated above 300-350 °C. Moreover, the p value of 0.92 for the 
untreated specimen allows us to give an approximate 40 A limit 
to the size of the graphite layers occurring in Tieschitz chondrule 
rims; this corresponds either to crystallite size, or to the size of 
undisturbed domains. These small particles are dispersed in the 
entire rim, as the characteristic Raman spectra are identical at 
any point on the rims. : 

Independent confirmation of the 300-350 °C heating is given 
by the nickel-iron alloys that occur in Tieschitz: (1) according to 
Bevan and Axon", interface Ni compositions of contiguous 
kamacite and taenite grains indicate equilibration to ~ 350°C; 
(2) tetrataenite—the ordered 50% Ni-Fe alloy'®——~occurs either 
as rare isolated grains (their anisotropy is then observable), or in 
zoned taenite as a clear rim and in association with nickel-poor 
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Fig. 2 Intensity ratio of Raman bands at 1,605 and 1,355 cm~, 


p=T1;605/Iy355 obtained on chondrule rims, plotted against 
temperature. 


alloys, giving a cloudy appearance to etched zones. The ordering 
of this alloy may occur below 320°C and is only observed in 
slowly-cooled meteorites. 

Further microanalyses by Raman spectroscopy of carbon in 
meteorites will hopefully help us to understand the complex and 
controversial thermal history of these extraterrestrial rocks. 

We thank G. Kurat for the Tieschitz sample and J.-C. Lorin 
and the reviewers for their advice. This work was supported by 
CNRS through ‘ATP Planétologie INAG’ 37.75. 
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The Yilgarn Block is an ancient crustal block which extends over 
~650,000 km’? in the south-west of Western Australia and 
consists of high-grade gneiss and granite-greenstone terrains’. 
Being one of the largest segments of Archaean crust in the 
world, it is important to studies of early crustal evolution. We 
report here a geochronological study of banded gneisses near 
Mount Narryer, in the north-west of the Yilgarn Block, which 
has given a Rb-Sr whole-rock isochron age of 3,348 + 43 Myr 
with an initial *’Sr/**Sr ratio of 0.7037+0.0008. The data 
indicate that the rocks had a prior crustal residence time of 
~200 Myr. The validity of this early Archaean age is supported 
by model Sm-Nd ages of 3,510 Myr:and 3,630 Myr for two of 
the samples. Taken together, these ages represent the oldest 
evolutionary sequence so far identified in the Yilgarn Block, and 
are comparable with old ages from other Archaean cratons 
elsewhere in the world. 


BASIN 


HOLOEIMYH E 


AMV iNSNIOSS 


/ 
haucehinon / 
Province 


N, Eastern 
Goldtieid 


Pravi 
Feucanw rovince 


vo Southern Cross 
\ Province 


N 


Western 
Gneiss 
Terrain 





Fig. 1 Distribution of Precambrian tectonic units in relation to 
Mount Narryer, Western Australia. 


Contrasting evolutionary models have been applied to the 
regional patterns of the Yilgarn Block. One model interprets the 
gneiss terrains as the metamorphosed and migmatized 
equivalents of the adjacent greenstones, infolded to deep crustal 
levels’; the other interprets the gneiss terrains as basement 
complexes on which greenstones were deposited**. However, 
this debate® is by no means settled, either in the Yilgarn Block, 
or in other well studied Archaean cratons in the world, 

It has been established’ that the gneisses of the Yilgarn Block 
occur mainly in an arc > 1,000 km long along the western margin 
of the block, termed the Western Gneiss Terrain (Fig. 1). It was 
concluded on geological and equivocal geochronological evi- 
dence that the gneisses were old basement, and that the green- 
stone-granite terrains evolved in response to a widespread but 
relatively short-lived tectonothermal event ~2,700 Myr ago. 

The importance of the Yilgarn Block as a reference for early 
crustal evolution further lies in the nature of the Western Gneiss 
Terrain. In addition to the extensive areas of banded orthog- 
neiss, there are occurrences of paragneiss in which quartzite, 
BIF, metacarbonates, metapelite and metaconglomerate occur. 
The paragneiss is intruded by mafic and ultramafic rocks, now 
also highly metamorphosed, but with no identifiable volcanics. 
The paragneiss is clearly ‘non-greenstone’ in character, and 
points to sedimentary regimes in the earliest geological record, 
more uniformitarian than the volcanic regimes of the later 
greenstones, widely considered to be unique to the Archaean. 

The extensive geochronological data for the Yilgarn Block 
have recently been reviewed“. The isotopic dates for most 
Yilgarn granitoids vary little from the range 2,600-2,700 Myr, 
and all Rb-Sr ages to date indicate ages for the greenstones in 
this range, although it has not been unequivocally established 
that these are volcanic ages as opposed to alteration ages. Early 
Rb-Sr studies’ had indicated that the gneisses near the western 
margin of the Yilgarn Block may be older than 3,000 Myr. This 
is confirmed by the present work, and also by zircon U-Pb dates 
of 3,340 and 3,250 Myr from quartzite and orthogneiss in the 
Toodyay area, ~-90 km east of Perth”. 

The Rb-Sr data for the samples collected from the Mount 
Narryer area (26°27' S, 116°24'30" E); in the northern part of 
the Western Gneiss Terrain, is listed in Table 1 and plotted on an 
isochron diagram in Fig. 2. A least-squares regression of the 
data points, using the method of McIntyre et ai.”, yields a slope 
and intercept corresponding to an age and initial *’Sr/*°Sr ratio 
of 3,348+12 Myr and 0.70383 + 0.00008 (2@ errors), with a 
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MSWD = 10.8. The relatively large value for the MSWD 
indicates that the data do not fit within experimental error, and 
that some isotopic remobilization may have occurred. Therefore 
a more realistic evaluation of the age and initial ratio of the 
banded gneiss is that provided by model 4 (ref. 9), which gives 
3,348+ 43 Myr and 0.7037 + 0.0005 (2@ errors). 

The samples were collected from a site ~13 km due west of 
Manfred Homestead and 9km north-northeast of Mount 
Narryer ‘trig’ point. The Mount Narryer rocks are a high-grade 
amphibolite—granulité transition facies metasedimentary 
sequence. All samples are banded quartz—feldspar—biotite 
gneiss of granodiorite to adamellite composition. Microcline is 
present in all samples and plagioclase exists as oligoclase. 
Samples rich in quartz. and microcline contain metamict allanite. 
All samples have been redeformed and recrystallized beyond 
the primary gneissose structure and in part are protomylonitic. 
Plagioclase is lightly saussuritized and biotite has been recrys- 
tallized and in part chloritized in the course of redeformation of 
the gneiss. Sample 60739 is largely epidote and has been 
excluded from the isochron. 

Strontium evolution analysis of the data from Mount Narryer 
suggests a mantle evolution age of 3,550 Myr assuming single- 
stage evolution. This value was calculated from the determined 
age (3,348 Myr), the initial *’Sr/**Sr ratio (0.7037) and the 
arithmetic mean of measured *’Rb/**Sr ratios (1.32). Mantle Sr 
evolution was assumed to be linear from 0.6990 at 4,600 Myr to 
0.7037 at present”. The projected path of strontium isotope 
evolution in the sample intersects the modelled mantle 
development curve at 3,550 Myr at a *’Sr/*°Sr ratio of 0.7000. 
An independent determination of 0.700 for the initial "8r/"°Sr 
ratio of a 3,350 Myr gneiss from the South Indian Craton" 
suggests that the mantle model which was used is realistic. On 
these assumptions, prior crustal residence of ~200 Myr is 
suggested. 

As a test of the hypothesis that the gneisses at Mount Narryer 
had a substantial crustal residence time before the effects of 
dynamic metamorphism reset the Rb-Sr isochron at 3,348 Myr, 
Sm-Nd model ages were determined for two of the samples in 
the suite, as this geochronological technique has some advan- 
tages over the Rb-Sr method in determining ages of differen- 
tiation of crustal rocks from the mantle. The analytical data are 
given in Table 2. 

The model Tfu ages of 3,510 Myr and 3,630 Myr are 
consistent with a crustal residence time of ~200 Myr for the 
gneisses that yield the Rb-Sr whole-rock isochron age of 
3,348 Myr. The earlier ages are interpreted as the time of 
extraction of quartzo-feldspathic material, probably as granitic 
melts from the mantle; and the later age is taken to represent the 
age of the gneiss that was derived by metamorphic reworking of 
the primeval quartzo-feldspathic material. 
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Fig. 2 Mount Narryer, Rb-Sr whole-rock isochron. Errors are 
quoted at 2a level’. 





Table 1 Rubidium strontium analytical data, Mount Narryer 





Sample Rb Sr Rb/Sr Rb /* Sr er / Sr 
60739 33 670 0.0045 0.01320.001 0.7194829 
60734 6.7 310 0.022 0.0644¢9.001 0.70703 412 
60736 17 680 0.024  0.069+9.001  0.70720+7 
60737 60 387 0.150  0.433+0.005  0.72439+12 
69634 71 485 0.154 0.44549.005  0.72503+11 
69626 61 313 0.195  0.56440005  0.73186+15 
60735 67 265 0.254 0,73640,0907  0.74007+8 
69625 97 284 0.342  0.991+0009  0,75086+14 
69638 108 195 0.554 161901  0,78263+5 
60738 112 155 0.720 2140+002  0.80390+11 
69637 138 153 0.905 2640,02  0.83225+9 
69636 134 139 0.959) 281ŁD:02  0.84261+8 
69627 123 123 100 2.934003  0.84602+12 
69642 139 134 105 30840.03 0.854824 14 





The value of °’Sr/®*Sr for the SRM 987 standard was 0.71021 
0.00008 normalized to a "Sr/**sr value of 8:3752. The value of 
1.42 10°7'' yr”? was used for the decay constant of Rb. All errors are 
quoted at the 2e level. The Rb and Sr concentrations (in p.p.m.) and the 
Rb/Sr ratios were determined by X-ray fluorescence spectrometry. The 
concentrations are accurate to + 5%. 

* Omitted from isochron, severely epidotized. 





Table 2 Samarium—neodymium analytical data, Mount Narryer 





147 144 CENSET: Thur 
Sample Sm/Nd Nd] Nd fawna Nd (Myr) 
60734 0.07892+23 0.5098844+30 -0.5988.~$3.4. 3510250 
60735 0.08751+26 0.509996420 —OSSS1. dues 3630% 40 
BCR-1 —— 0.51263 43 ne = red 





The samples were digested in HF/HCIO,/HCI acids in a Teflon 
bomb. A portion of each sample was spiked with a | emj” nd dual 
tracer, and the spiked and unspiked samples were ated using ion 
exchange procedures. Both Sm and Nd were analysed o je rhenium 
filament assemblies as Nd? and Sm” jons. Nd isotopic ratios were 
measured with respect to '**Nd and corrected for fractionation using 

“4°nd/'4?Nd = 0.632265 (ref. 12). Evidence for Ce contamination was 
checked at mass 140. The uncertainties are 95% confidence limits, The 
analytical blank contributed <1 part in 10* of the total Nd. fsmind € ba 
and T dup are calculated using (“7 Sm/Nd) nur = 0.1967 and 
(43Nd/144Nd) uur = 0.51262 (ref. 13). 













These data strongly support the emerging picture in the 
Yilgarn Block of an ancient gneiss basement, now exposed in the 
west, overlain by greenstones, now exposed in the central part. 
Additional comparative Sm—Nd and Rb-Sr studies are planned 
on regional transects up to 800 km in length, across the green- 
stone terrains to clarify the chronological relations between the 
gneiss and greenstones, and to detect any regional variation in 
greenstone ages. Such studies may help distinguish between a 
model of lateral accretion of successively younger greenstones 
away from an embryonic craton, or a single widespread event of 
greenstone accumulation on a continuous basement. This may 
also clarify the curious situation observed in the Yilgarn Block of 
younger rocks occurring on the concave side of an arcuate belt of 
older rocks, a feature that does not fit with an island-arc 
accretionary model. 
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The concentrations of heavy metals in seawater are exceedingly 
low and commonly less than 107° g per g. In marked contrast, 
their concentrations in pelagic clays and ferromanganese 
deposits occurring on the ocean floor are many orders of magni- 
tude greater. This relationship is a reflection of both the low 
solubilities of heavy metals in seawater and their efficient 
sequestering from seawater by particulates. The behaviour of 
the heavy metal neodymium in the marine environment is 
further investigated in this study through the useful natural 
isotope tracer Nd. ‘“*Nd/'“*Nd and °’Sr/*°Sr ratios are repor- 
ted for hydrogenous ferromanganese sediments, the lithic sub- 
strate of a manganese nodule and pelagic clay samples occurring 
close to manganese nodules. Common sources for Nd in clays, 
ferromanganese deposits and pelagic clays are demonstrated, 
but significant differences exist between the Atlantic, Indian and 
Pacific Oceans. 

Ferromanganese sediments are broadly divisible into hydro- 
genous and hydrothermal deposits’. Hydrogenous deposits are 
considered to form by slow (0.1-1.0 mm Myr™’) precipitation of 
Fe and Mn (refs 2-4) and include ferromanganese pavements on 
marine topographic highs, and concretions on abyssal plains. 
Hydrothermal deposits are considered to form by much more 
rapid (1-10 mm kyr”) precipitation of Fe and Mn (refs 3, 5) and 
include basement associated ferromanganese crusts and the 
so-called metalliferous sediments*”?, 

The sources of elements incorporated into ferromanganese 
deposits vary according to the type of deposit and geographical 
location, Although the continents are usually considered to be 
the major source of the Fe and Mn in hydrogenous deposits, 
submarine volcanism may also contribute in some areas'°. Even 
within a single deposit, the provenances of the different major, 
minor, and trace elements may not be the same. Whilst Fe and 
Mn in metalliferous sediments occurring at the East Pacific Rise 
are thought to be derived predominantly from oceanic 
basalt®’''', the isotopic compositions of O, S, Sr and U in these 
deposits differ from those found in oceanic basalts and are 
compatible with a seawater origin®’, Further, although Pb- 
isotope compositions in the East Pacific Rise deposits are within 
the range found in mid-ocean ridge basalts”’?, the range of 
Pb-isotope compositions in Pacific hydrogenous ferro- 
manganese deposits encompasses many of the variations found 
in oceanic basalts and pelagic clays'*"**. 

In contrast with the large variability of Pb isotope composi- 
tions, the 'Nd/'“*Nd ratios of all measured Pacific hydro- 
thermal and hydrogenous ferromanganese deposits vary within 
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a narrow range, and are less than those measured for Recent 
mid-ocean ridge basalts and also less than the value for the 
model bulk Earth (Fig. 3a). These observations suggest that the 
Nd in these deposits is predominantly continent-derived. 

The median ‘?Nd/'‘Nd ratio of Pacific Ocean surface fer- 
romanganese deposits is greater than for the Indian Ocean, 
which is in turn greater than the median ratio for the Atlantic 
Ocean (Fig. 3a). In each case, the ‘“*Nd/*“*Nd ratios vary within 
a small range (less than +2 x 107%), indicating that each ocean is 
isotopically well-mixed with respect to Nd. '“*Nd/'“*Nd ratios in 
seawater samples from the Pacific and Atlantic oceans are within 
the range of '*Nd/'“*Nd ratios for ferromanganese deposits 
within these oceans'®**, ®’Sr/**Sr ratios of all surface ferro- 
manganese samples measured cluster around the present day 
seawater value (0.7091). These observations raise questions 
concerning the mechanisms by which different elements are 
transported to their sites of deposition. An understanding of 
such mechanisms must involve identification of the ultimate 
provenance of the elements, their fluxes between different 
reservoirs, and the degree of mixing within each reservoir, This 
study investigates the behaviour of Nd and Sr in the marine 
environment and focuses on the isotopic relationships of Nd in 
ferromanganese deposits and spatially related pelagic clays. 

The locations of ferromanganese and oceanic clay samples 
analysed, together with locations of ferromanganese, pelagic 
clay and seawater samples previously analysed for Nd iso- 
topes'?'5""”, are shown in Fig. 1. All of the Nd and Sr isotope 
analyses reported in Table 1 were made at the Lamont-Doherty 
Geological Observatory using techniques previously 
described'*'*, For those samples leached with acetic acid 
(HOAc), isotope data are reported for both leachates and 
residues (Table 1). 

The '“*Nd/'“4Nd ratios for samples of surface ferro- 
manganese deposits from the Pacific and Indian oceans (Fig. 3, 
Table 1) fall within the ranges reported previously for samples 
from these oceans'*’*, Sample D-9, described elsewhere®, from 
the Galapagos spreading axis consists of a hydrothermal ferro- 
manganese crust layer in contact with a hydrogenous ferro- 
manganese crust. The hydrothermal crust was deposited at, or 
near, the ridge axis, whereas the hydrogenous crust was 
apparently deposited at a locale where hydrothermal effects 
were absent. The '“*Nd/'“‘Nd ratios obtained for these distinct 
layers (Table 1) are indistinguishable and fall within the narrow 
range found for all other ferromanganese and seawater samples 
from the Pacific Ocean (Fig. 3a), which range from 0.5124 to 
0.5126. '?Nd/'*Nd ratios in ferromanganese samples from the 
Atlantic and Indian oceans are significantly lower than the 
Pacific Ocean samples and range from about 0.5119 to 0.5122 
(Fig. 3a). The median of the Atlantic Ocean samples is at a lower 
143Nq/'“4Nd ratio than the median of Indian Ocean samples, but 
the larger range of values for the Atlantic Ocean samples does 
indicate real variability of provenance. Piepgras and Wasser- 
burg'® have shown that measurable variability in ‘*°Nd/'**Nd 
ratios extends to different depths within the same water column 
in the Atlantic Ocean. The total range of measured Atlantic 
seawater values is within the range found for Atlantic ferro- 
manganese deposits. The relative differences in the '**Nd/'**Nd 
ratios found in the Atlantic compared with the Pacific samples 
are compatible with an older overall crustal source of Nd in 
Atlantic ferromanganese deposits compared with Pacific 
deposits. 

As part of a general survey of pelagic clays, ‘**Nd/*“*Nd ratios 
are presented in Table 1 for surface clay samples from the 
Atlantic, Indian and Pacific oceans (Fig. 1) that are spatially 
related to manganese nodules. The ‘*?Nd/***Nd ratios of Indian 
and Atlantic samples are within the ranges established for the 
ferromanganese deposits from the same ocean (Fig. 3a, b), 
which suggests that the provenance of Nd in both clays and 
ferromanganese deposits within these oceans are closely related. 
The reported '**Nd/‘“‘Nd ratio of 0.512423 +21 for an eastern 
Pacific Ocean clay sample", is within the range established for 
Pacific Ocean ferromanganese deposits. Three clay samples 
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from refs 15, 16. Locations of pelagic clay samples analysed as part of this study (C1, W) and red clays (DSDP-37-3-2 and oie 
17, 15 respectively. 


from the western Pacific (Table 1, Fig. 3b) have '?Nd/'**Nd 
ratios close to 0.5122, lower than those of manganese nodules 
sampled from similar locations, indicating a decoupling between 
Nd in clays and nodules. In contrast, data for the Atlantic and 
Indian oceans suggest that Nd in both clays and nodules may be 
of the same derivation. If, for example, Nd in western Pacific 
manganese nodules is simply considered to be a mixture of a 
component isotopically similar to western Pacific pelagic clays 
(?Nd/'“Nd=~0.5122) and a basaltic component 
((4Nd/'4*Nd =0.5130), then the latter component would 
comprise ~25% of the Nd in these nodules. It remains to be 
shown whether the higher mean seafloor spreading rate in the 
Pacific compared with the Atlantic and Indian oceans is the 
cause of these observations. 

The relationship between Nd and Sr isotopes in a manganese 
nodule (located at a depth of 400 cm in Vema core V20-186 
from the Indian Ocean) and the enclosing lutite has been 
examined in addition to the general survey of pelagic clays. Six 
samples of sediment from above and below the manganese 
nodule, together with two ere of the nodule itself, were 
leached with HOAc. Measured °’Sr/**Sr ratios for leachates and 
residues, and '“*Nd/'“*Nd ratios for the residues (Table 1, Fig. 
2) demonstrate the existence of an HOAc leachable component 
in both the clays and the nodule with a *’Sr/**Sr ratio close to 
0.709, the present day value of seawater. The *’Sr/**Sr ratios of 
clay residues are greater than 0.726. Those for the nodule 
residues are close to 0.710, significantly higher than present day 
seawater, and may reflect occlusion of some clay in the nodules. 
Although typical concentrations of Nd in manganese nodules 
are nearly an order of magnitude higher than pelagic clays”’, the 
‘8Nd/'"Nd ratios of the lutite and manganese nodule samples 
are very similar with a total range of 0.511940-0.512011 (Table 
1, Fig. 2), and this cannot be attributed to the inclusion of clay 
into the nodules. This contrasts with the greater differences in 
*Sr/*°Sr ratios between the manganese nodule and lutite and 
suggests that, in contrast to Sr, the provenance of Nd in the lutite 
and the nodules may be the same. '*°Nd/'“*Nd ratios for clay 
and nodule samples from the top of a second Indian Ocean core 









Ocean share ea pair (0.5 mons ai 
respectively)'*. In both cases the “**Nd/"‘Nd rat 
and nodule samples are within the range of 
surface samples measured (Fig. 3a, b). 

The relationships between the '*Nd/**Nd 4 
ferromanganese deposits and pelagic clays within’ 
suggest: that the Nd budget of ferromanganese deposits may be 
dominated by the same source that supplies pelagic clays. Ferr 
romanganese deposits have a minor role in the overall Nd 
budget of the oceans. The largest repository of Nd in the océan 
basins is pelagic clay (~40 p.p.m. by weight of Nd). Although 
manganese nodules possess a higher concentration of Nd than 
pelagic clay*’, the ratio of the rate of Nd accumulation: in 
manganese nodules relative to pelagic clay is estimated (Table 2) 
to be about 0.05. The more restricted occurrence of manganese 
nodules limits the ratio of total accumulation in nodules to clay 




















3004 { i 
l | a ~a 
| poe | 
3944 * | 4 è i 
| \ | | i 
Ẹ i 24] i 
E x / | | | | 
E 398 | i Sat} 
$ A geen) peee aa aa Sediment 4 
a ies l g i “Nodule | 
So | aail Piatt E ga jee agg Fe ee: 
E 402 po | “Sediment 
& DESE | 
1 x . l | * 
406" oa. | 
| + i 4 
4 Average 2 ø error | i aa 
o Average 2r ertor 
AT ae mSS D SOE tintin 
0.709 07 3 3 0.722 (0.726 0.730 G28 05122 04136 0.5130 
875 r/8*Sr nd nig 


Fig. 2 °’Sr/*°Sr and '“?Nd/'44Nd in core V20-186 as a function 
of depth. A, Manganese nodule; @, sediment; x, HOAc leachate. 
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Table 1 Sample locations and Nd- and Sr-isotope data 
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Sample Type Location Depth (m) Mang / 14tNd 876, /86gr* R77 /* Srt 

Pacific Ocean 

D-9t HGC 3°02' S, 95°09' W 2,420 0.512486 + 32 0.709184 + 50 0.70923 +50 

D-9 HTC 3°02' S, 95°09 W 2,420 0.512468 +30 0.709157 + 50 

V28-D8 MN 0° N, 179° W 3,594-2,587 0.512465 +28 0.709159 + 50 

V19-80 LUT(WR) 18°23’ S, 165°44' W 4,839 0.512227 +30 

V20-142 LUT 17°11' N, 133°16’ E 5,997 0.512251 +30 

V20-87 LUT 1904 N, 161°33' E 4,819 0.512210 +24 
Indian Ocean 

RC14-D3 MN 34°45'S, 44°46' E 2,479-2,050 0.512142 +30 

V19-158 MN 18°11’ S, 99°24’ E 5,759 0.512214 +28 

V19-158 LUT(WR) 18°11'S, 99°24’ E 5,759 0.512128 + 24 

V16-81 LUT(WR) 30°38' S, 70°00' E 4,050 0.512210+24 

V20-186-392 cm LUT 5,037 0.511935 +30 

V20-186-394 cm LUT 0.512011 +26 0.728143 + 50 0.709203 + 50 

V20-186-397 cm LUT 0.511947 + 30 0.729679 + 59 0.709225 + 50 

V20-186-399 cm LUT 28°06’. 51°19 E 0.511940 + 26 0.728509 + 52 0.709204 + 50 

V20-186-400 cm MN 0.511996 + 32 0.709997 + 58 0.709180+ 48 

V20-186-401 cm MN 0.710866 + 50 0.709245 +40 

V20-186~-401 cm LUT 0.511989 + 30 0.726174 + 50 0.709178 + 48 

V20-186-404 cm LUT 0.511943 + 32 0.726241 + 50 0.709263 + 45 
Atlantic Ocean 

V16-SBT3 MN 13°04’ S, 24°41’ W 4,415 0.512078 + 28 0.709244 + 48 

V16-SBT3 SUBST 13°04’ S, 24°41’ W 4,415 0.512444 + 30 0.707420 + 56 

V27-D5 MN 56°N, 21° W 1,641-1,509 0.512109+ 24 0.709150 +34 

V15-138 MN 49°35’ S, 48°05’ W 2,725 0.512206 + 32 

V26-57 LUT 20°46’ S, 24°08’ W 5,297 0.512150 £20 

V27-133 LUT(WR) 25°58’ N, 60°19’ W 4,682 0.512056 + 24 0.721152 + 50 

V23-135 LUT(WR) 45°05' N, 7°56’ W 5,868 0.5119825.+ 26 0.722680 + 46 

V16-188 LUT 30°56’ S, 39°37' W 4,665 0.512241 +24 





MN, manganese nodule; HGC, Seale PE crust; HTC, hydrothermal crust; LUT, lutite; SUBST, lithic substrate of nodule V16-SBT3. 


143Nd/*44Nd data normalized to '* *4Nid = 0.7219. 


GA 


87Sr/*°Sr ratios expressed relative to ®°’Sr/*°Sr = 0.70800 for Eimer and Amend SrCO 3. Measured value for this standard is 0.70806. 


Reported errors are 20 on the mean. 
* 87Sr/86Sr of whole rocks (WR) or HOAc residue. 
+ ®7Sr/*Sr of HOAc leachate. 


f Sample D-9 described by Moore and Vogt*; all others from Lamont-Doherty Geological Observatory. 


to «0.05. The total mass of Nd dissolved in seawater, ~4 x 
10° kg using Hogdahl’s”! estimate for the concentration of Nd in 
seawater (Table 2), is trivial compared with the mass of Nd in 
pelagic clay. For example, a mere 0.4 mm of abyssal carbonate- 
free sediment is estimated to contain an amount of Nd equal to 
the total dissolved Nd in a water column of average depth (Table 
2). A much larger sediment depth maintains contact with 
seawater by bioturbation processes. In other words, a parti- 
culate clay concentration in seawater of 75 ug 17' would possess 
an amount of Nd equal to the estimated average dissolved load. 
Note that the pelagic clay sedimentation rate estimates suggest 
that seawater should contain an average of ~50 ug 1”' of parti- 
culate material, or an amount of Nd in particulate material 
approximately equal to the dissolved load (Table 2). Particulate 
concentrations are much higher than average in the nepheloid 
zone, which contains pelagic clay swept back up into the water 
column, and may extend 1,000 m above the sediment-seawater 
interface. 

An outstanding problem is the mechanism by which the 
related '*°Nd/'“*Nd ratios in ferromanganese deposits, pelagic 
clays and seawater are established. For example, continual 
cation exchange between pelagic clay and seawater, particularly 
within the nepheloid zone, may control the Nd isotope 
composition of seawater. If cation exchange is the controlling 
factor, then the ‘“°Nd/'**Nd ratios of western Pacific pelagic 
clays require that some of the Nd in the clay be isolated from 
chemical contact with seawater, as occurs with Sr (ref. 22). 
Addy”? has interpreted rare-earth element (REE) abundance 
patterns in Atlantic red clays in terms of a detrital Nd 
component (~90%), and a hydrogenous component (~10%). 
The hydrogenous component must be sequestered from 
seawater, and may preferentially exchange with it. 

Degradation of particulate material in river systems provides 
the initial source of marine Nd; however, the ““°Nd/'**Nd ratios 
of water and particulates in different rivers are likely to be highly 


variable. Even though some 98% of the annual river flux of Nd is 
in particulate material”*”’, the estimated average concentration 
of dissolved Nd in river water is over an order of magnitude 
higher than in seawater**”*. If the dissolved Nd concentration in 
seawater is at a steady state, the excess Nd in river water must be 
sequestered by particulate material in the oceans, and may 
constitute a portion of the Nd in the hydrogenous REE 
component of pelagic clays. The small but distinct range of 
3Nd/'4‘Nd ratios in ferromanganese deposits and seawater 
within each ocean is therefore a function of the residence time of 
Nd in seawater, the kinetics of any important exchange proces- 
ses, and intra- and inter-ocean mixing times. 

Estimates of the oceanic Nd-residence time”? (~2-3 x 
10’ yr) are comparable to estimates of the residence time of Pb 


Table 2 Mass balances and residence time of Nd in ocean basins 





Average concentration of Nd in seawater” 2.8x10°° gi! 

Thickness of pelagic sediment (averaged, over 0.4 mm 
oceans) containing mass of Nd equivalent to 
that in seawater 

Mass of clay particulate containing equivalent ~7.5 x107 g 
amount of Nd as 1 litre seawater 

Average amount of non-carbonate detrital 5x10 gi! 
particulate in seawater 

twa (residence time of Nd) assuming particulate 3,100 yr 


Nd isolated from dissolved Nd 


Calculations assume steady state and the following: Nd concentration 
in pelagic clay equal to average North American shale = 37 p.p.m.; 
density of dry abyssal sediment = 0.7 g cm? (ref. 3); abyssal non- 
carbonate sedimentation rate = 107* g em? yr (ref. 3); mean ocean 
depth = 3,729 m (ref. 3); pelagic sediment ~90% carbonate (ref. 3); 
manganese accumulation rate in nodules = 107° g cm”? yr7! (ref. 3); Nd 
concentration in river water = 3.79 x 107? g I? (ref. 25); H10 flux from 
rivers in oceans = 3.2 x 1016 1 yr7! (ref. 38). 
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Fig. 3 a, Histogram of ‘“*Nd/'“‘Nd ratios in ferromanganese 

samples from this study plotted together with analyses from refs 12, 

15. MS, metalliferous sediment; HC, hydrothermal crust; SW, 

seawater. Unlabelled boxes are manganese nodules. 6, Histogram 

of pelagic clay samples from this study together with a sample from 

ref. 17 and one from ref. 15. Ail? 3nq/) Nd ratios are relative to 
6njd/'4Nd = 0.7219. 


(refs 29-33). In these estimates the abundance term is based on 
the concentration of dissolved Nd in seawater, and the input 
term is based on the total load of Nd entering the oceans per 
year. The actual residence times will be greater than these 
minimum values if portions of the REE which enter the oceans 
are isolated from chemical contact with seawater, as is indicated 
by the western Pacific clays. If the REE within particulates are 
completely isolated from seawater, for example, rxg may be as 
long as 3,100 yr. The intra-ocean uniformity and inter-ocean 
differences in the '**Nd/'“*Nd ratios of surface ferromanganese 
deposits contrasts with the intra-ocean variability of Pb isotope 
ratios, and implies that fya is greater than tp,. 

There have been various opinions on the direct source of the 
REE incorporated into ferromanganese deposits. Goldberg et 

al.” noting the similarities between rare-earth patterns of 
manganese nodules and seawater, favour direct precipitation of 
the REE from seawater. Their suggestion has been supported 
for both manganese nodules'*?°**4* and East Pacific Rise 
metalliferous sediments**'*, Ehrlich” and Bender”, on the 
other hand, suggest that REE are incorporated into manganese 
nodules from proximal clay either by surface transfer 
mechanisms, or by clay occlusion into the nodule. The apparent 
conformability of Nd isotope ratios in Pacific seawater samples 
and ferromanganese deposits has led Piepgras et al.'* to favour 
seawater as the source of Nd in ferromanganese deposits. A 
distinction between a seawater or pelagic clay source of Nd in 
manganese nodules cannot be determined from the results on 
Atlantic and Indian ocean samples. (Fig. 3a, b). However, the 
demonstrated decoupling between Nd in clay and manganese 
nodules in the western Pacific suggests that Nd in the manganese 
nodules is not representative of the total Nd in the clay. 
Although pelagic clay may contain both labile and non-labile Nd 
components, the simplest explanation of the data on hand is to 
invoke seawater as the direct source of the REE in manganese 
nodules. 

'SNd/'“Nd ratios in surface pelagic clay samples from 
different oceans exhibit the same general relationship as those 
from ferromanganese deposits. That is, the median ‘“*Nd/'“‘Nd 
ratio of Pacific Ocean clays is higher than the median of Indian 
Ocean clays, which is in turn higher than the median of Atlantic 
Ocean clays. This result demonstrates the domination of 
continent derived detrital material in controlling the Nd-budget 





0028-0836 /81/300327--03$01.00 


327 





of clays, ferromanganese deposits and seawater within each 
ocean basin, and highlights the differences between them. 

W. S. Moore provided sample D-9. This research was 
supported by the NSF EAR-75-20891, the Royal Society, and a 
fellowship for 5. L. Goldstein from the Department of Geologi- 
cal Sciences, Columbia University. Department of Earth 
Sciences contribution no. E.S. 158, L. D.G.O. contribution no. 
3169. 
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Antarctica offers a unique natural environment fromthe point 
of view of nitrogen cycling. Ice-free dry areas, ‘Antarctic oases’, 
and penguin rookeries are of particular interest. because of the 
characteristic distribution of nitrate deposits’* and biological 
materials such as algae and guano. As the distribution of °N/“N 
ina geochemical system reflects sources and metabolic pathways 
of nitrogen’, a study of the nitrogen isotopic composition of 
Antarctic samples would help us to understand the Antarctic. 
nitrogen cycle. Here we report that nitrate in Antarctic soils.is 
extremely depleted in *“N compared with biogenic nitrogen, and 
that algae collected from a nitrate-rich saline pond and from a 
penguin rookery exhibit, respectively, the lowest and the highest 

*N/"‘N ratios among terrestrial biogenic nitrogen so far ob- 
served. We also discuss possible causes of these. extreme 
nitrogen isotopic compositions. 
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Table 1 Distribution of chemical components and 8°°N of nitrate for soil materials from Wright Valley, Victoria Land, Antarctica 





Mansell 
Sample Location colour Texture pH(H,O) 
On northern side of Lake Vanda, 175 m height 
V-1 77°931.1'S 161°41.1'E 5Y5/2 Silty clayey 6.28 
loam 
V-2 7730.9 S 161°39.9'E 5Y6/4 Sandy loam 7.58 
V-3 77°30.9'S 161°38.4E 7.5Y6/2 Loam 7.28 
Near Bull Pass 
P-1 77°31.3'S 161°49.8'E 7.5Y7/2 Silty loam 7.89 
P-2 77°31.3'S 161°49.8'E 5Y6/4 Sand 8.10 
On southern side of Lake Vanda 
2 77°32.7' 8 161°931.8'E 5Y8/3 Loam 8.59 
3 77°32.78 161°31.8'E 2.5Y6/4 Sandy loam 8.51 
4 77°32.7'S 161°31.8'E 2.5Y6/4 Sandy loam 8.02 
6 77°32.7'S 161°31.8'E 10YR4/4 Loam 746 


cr 
(mequiv. NO3-N NO3-N NH7-N 8! *Nxog 

per g) (ug atom N per g dry soil) (Xo) Remarks 

2.06 63.6 0.00 0.08 ~23.4 Slope of a U-shaped 
valley : 

0.999 22.9 0.00 0.01 ~22.2 In the delta 

0.681 19,3 0.00 0.00 ~20.6 In the delta, contain- 
ing white evaporites 

0.479 37.9 0.00 0.00 ~18.3 Above pecten fossil 
layer 

0.191 58.6 0.00 0.04 ~18.6 Below pecten fossil 
layer 

0.346 10.0 0.00 0.00 ~115 

0.095 10.0 0.00 0.00 ~16,1 

0.100 53.6 0.00 0.00 ~14.8 

0.994 179 0.00 0.00 ~14,1 








Table 2 Distribution of 5'°N in various nitrogenous substances from Wright Valley, Victoria Land and Ross Island, Antarctica 


5°N 
Sample Location Cho) 
Epibenthic algae 
V-5 . FIP3LTS8 161°38.6'E ~9.0 
L-1 77°32.4'S  160°45.7'E —47.8 
~49.0 
C-2 77°32.8'S 161°31.4'E +4.8 
B-1 77°31.5'S  161°42.2'E -9.1 
-9,3 
Algal felt 
R-1 77°12.3'S  166°28' E +30.7 
Organic nitrogen 
Soil 77°12.3'S  166°28'E -28.6 
Sediment 77°32. S  161°32.27'E ~7.3 





Remarks 


Southern shore of Lake Vanda, a saline and meromictic lake 
Unnamed saline pond, Labyrinth, near the edge of the 
Wright Glacier 

Eastern shore of Lake Canopus, a freshwater lake 

Lake Bull, a freshwater lake 


Northern penguin rookery at Cape Bird, Ross Island 
Northern penguin rookery at Cape Bird, Ross Island Mansell colour, 


7.5YR 1.7/1; texture, sand; pH(H,O), 7.6; Cl, 0.032 mequiv. 7! 
Bottom sediment of Lake Vanda depth, 67.5 m 





‘The Dry Valleys’ in southern Victoria Land, McMurdo 
Sound region is a large polar desert extending over an area of 
~2,500 km? and containing several valley systems—Wright 
Valley being the most famous. Precipitation is <100 mm yr7' 
and mean air temperature is between —18 and —25 °C, Fallen 
snow is mostly dissipated by sublimation, but melting of glaciers 
occurs during the warm season and produces fresh and saline 
lakes and ponds where algal communities flourish. According to 
Webb®, the Wright Valley was below sea level in the Pliocene 
(3—4 Myr BP). 

Soil materials and algal samples were collected from Wright 
Valley and Cape Bird in Ross Island in January 1979. Pro- 
cedures for isotopic analysis were described elsewhere’®. 
Nitrogen isotopic composition is expressed as follows: 


(SN/™*N) cam le 

15 o, n pie 
NC) = NTN 
Water soluble salts were analysed by the following methods: for 
ammonium, phenol-hypochlorite method’; for nitrate, diazo- 
tization method"; for nitrate, cadmium reduction method"; 
and for chloride, mercuric thiocyanate method'?. Organic 
nitrogen was determined by Kjeldahl digestion". 

Nitrate was the major component among nitrogenous 
compounds in Antarctic soils (Table 1). Concentrations of 
organic nitrogen (0.34~6.4 ug atom N per g dry soil) were one to 
two orders of magnitude lower than those of nitrate except for 
samples collected from a penguin rookery, Ross Island. Our 
data of 6'°N for soil nitrate in Antarctica exhibited quite low 
values (—11 to —24%). The minimum value of ~23.4% was 
found for soil materials collected from a slope of a U-shaped 
valley near Lake Vanda. The natural abundance of “N in 
biogenic nitrogen in the literature generally ranges from —17 to 
+20%. The average 5'°N values for nitrate are: 3.2%. for forest 
soils; 6.4% for cultivated soils; 7.0% for oceanic waters; and 


1} «1,000 


—6.6% for rain waters'*"'*. The 6'°N values for Antarctic nitrate 
were, thus, quite different from that for oceanic nitrate, and gave 
the lowest ranges among terrestrial nitrate. 

Various origins have been considered for the salts in the Dry 
Valleys: direct marine incursion’, marine aerosols or sea 
spray’, chemical weathering of minerals”, and NO, produced 
by auroral activities'*. According to Moore’®, gaseous ammonia 
(~10.0%) and nitrogen dioxide (~9.3%.) in clean air are depleted 
in N as compared with those in aerosols (NHi, +5.6% and 
NO3, 5.0%). He interpreted the low '°N content in gaseous 
compounds as being due to the nitrogen isotope fractionation 
associated with isotopic equilibria between gaseous and 
condensed phases with subsequent removal of the condensed 
phase. The successive removal of the condensed phase during 
long distance transportation from the tropical and temperate 
region to the polar region may further enhance depletion of ‘5N 
in nitrogenous compounds in the atmosphere of the polar 
region. The 5"°N data suggest that nitrate in Antarctica soils is 
mainly derived from atmospheric precipitation which carries 
NO, depleted in N. NO, depleted in ` N might be produced by 
photochemical reactions? as well as by auroral activities’®. No 
other processes can produce nitrogen oxides of such low 6°N. 

In the case of algae, 5'°N values ranged between —49 and 
+30% (Table 2). The lowest value (~49%.) was found for the 
algae collected from a small saline pond located near the edge of 
Wright Upper Glacier. This is the lowest &‘°N value ever 
reported for terrestrial samples. It has been demonstrated that 
the isotope fractionation during nitrate assimilation by a marine 
diatom, Phaeodactylum tricornutum, is inversely related to its 
growth rate at low light intensities and a high nitrate concen- 
tration (10 mg atom NO3-N 17’). A fractionation factor as high 
as 1.03 has been obtained as an extreme. A characteristic 
feature of Antarctic saline ponds is the high concentration of 
nitrogenous compounds”’. In fact, the concentration of nitrate 


ee a tennant te—siineiintettitemetn 





Nature Vol 292 23 July 1981 panama 


in this pond was 8.7 mg atom NỌṢ-N 1, Growth of the epi- ` 
benthié algae at high nitrate ‘concentration and low light ` 
intensity may thus be accompanied by a large nitrogen isotope 


fractionation. The extremely low 81N values for the epibenthic ` 


algae can thus be explained by the combination of low 8'*N for 
source nitrate and large isotope fractionation associated with 
nitrate assimilation. 

High '*N enrichments of +30.7 and +28. 6% were found-In 
algal felt and organic nitrogen collected from the Adelie penguin 
rookery at Ross Island, respectively (Table 2). The enrichment 
of °N along a food chain has been reported elsewhere”. The 
85N value for marine plankton ranges from 2 to 5% and for 
fishes from 15 to 20% (ref. 22). Adelie penguins at Cape Bird 
feed on krill and fish, and deposit faecal materials including uric 
acid in the soils of the rookery. Soll microorganisms convert uric 
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acid and other organic nitrogen to ammonia which evaporates 
with, a high nitrogen isotope fractionation. This may leave 
nitrogenous materials rich in ‘*N in soils. Kreitler’ obtained an 
apparent fractionation factor of 1.038 for NH, volatilization 
from barnyard soils. In the cold climate of Antarctica, the 
biogeochemical processes in question might proceed at an 
extremely slow rate. If so, a much greater fractionation of the 
nitrogen isotope is expected, and the high '*N enrichments in 
organic nitrogen and algae in the penguin rookery can be 
explained. -- 

Tori! et al2" observed a high pH of 9.4 in the surface water of 
Lake Canopus where intensive photosynthesis occurred. The 
isotope fractionation associated with ammonia volatilization 
thus also explains “N enrichment of epibenthic algae in this lake 


(Cs 2 in Table 2). 
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The acidity of rain and snow falling on widely separated areas of 
the world has beea the past 30 yr (refs 1-3). 
Acid rainfall consists of a dilute solution of sulphuric and nitric 
acids dre to the oxidation and hydrolysis of airborne salphur and 
nitrogen‘ and frequently has a pH of <4.0. Recent studies have 
shown that acid rain alters the chemistry and biology of streams 
and lakes in large regions of the world”. Results from recom- 
malssance stadics in the Geld" and physiological studies in the 
laboratory’ show that diversity and mumbers of -aquatic 
organisms of all major trophic levels are affected by low pH 


particulates, as well as acidification. In our study, we expert- 
mentally acidified a third-order section of a small mountaia 
stream in the Hubbard Brook Experimental Forest, West 
Thornton, New Hampshire, USA. Our atm was to measare the 
effects of increased acidity on chemical and biological export in 
the stream. It was found that stream acidification 
to pH 4 did alter the chemical and biological flux. The most 
significant fporgamic affected by the experiment was 
aluminium. A significant net fix of carbon and nitrogen oceur- 
red im the -biologically bowad forms bet not In dissolved 
rubstances, Net fux of phosphorus was significant in biologically 
bound forme. The increased loss of nutrients in the particulate 
re ee ee ee ee 
total stream ecosystem. - 


* Present address: Hooryetems Research Center, Conter for Environmental] Research, Coral 
Untvernty, Tehece, New York 14853, USA. 


Areas affected by-acid precipitation are often located in 
northern latitudes where snow accumulates during long, cold 
winters. Snowinelt in spring then releases a large quantity of 
water and‘ions to streams and Iakes’*’*. For example, on 
average, 54% of the annual streamwater discharge within the 
Hubbard Brook Experimental Forest occurs between March 
and May, with as much as 30% occurring in April’*. It has been 
reported that when snow thaws, the first portions of the melt 
water may be very acidic’®. Thus in such areas, late winter or 
early spring thaws may cause'sudden decreases in pH in aquatic 
ecosystems, During such snowmelt periods, pH values as 
low as 4.0 have been recorded in streams in Norway”, in the 
Adirondack Mountains of New York State’*, and in the 
Hubbard Brook Experimental Forest, New Hampshire 
(N. Johnson, personal communication). Trout deaths have been 
inant ag in Norwegian streams during flushes of acidic melt 
wa 

Our'study was done at Norris Brook, e tributary of Hubbard 
Brook’***, This stream flows through deciduous forest under- 
lain by granitic bedrock and is subject to inputs of sulphuric and 
nitric acids in rain and snow at an annual volume-weighted pH 
near 4 (range 2.85 (ref. 22)-5.95 (ref. 15) for individual storms). 
The annial-pH of Norris Brook in the study area normally 
ranges from 5.4 to 6:4. We experimentally decreased the pH ofa 
third-order section of the stream to 4 (range 3.9-4.2) by 
continuously adding sulphuric acid (0.05—0.5M) from 18 April 
to 22 September 1977. The experimental design and biological 
effects for the entire study are detailed elseewhere’”’. Sampling 
stations for the reference area (A) and the treatment area (B) 
were located 1 m above and 15 m below the acid addition point, 
respectively. The treatment reach of the stream between points 
A and B was 26.9 m?+0.6 (2 +s.e., n = 3) in area. The effects of 
hydrogen ion stress on the biogeochemistry of the stream are 
described here for the first 30 days (18 April to 17 May 1977}. 
We separated our results into the first 5 days (‘acute response’) 
and the remaining 25 days (‘chronic response’) of hydrogen ion 
stress. A mass-balance approach was used in which the inputs to 
the treatment area minus the outputs yielded a net flux of 
chemicals from the area during the experimental period. 

Methods for collection of water samples and chemical analysis 
are’ detailed elsewhere”. For fine particulate organic matter 
(FPOM) measurements, aliquots of stream water were filtered 
through ashed 0.45-um glass fibre filters. Filters were dried for 
~2 days at 60°C. Carbon concentrations of the particulate 
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Table 1 Mean daily biomass flux of drifting invertebrates aud coarse particulate organic matter (CPOM), and flux of fine particulate organic matter 

(FPOM) and selected dissolved substances (Ca, Al, N, organic carbon) during 5-day (acute response) and 25-day (chronic response) periods of 
: increased hydrogen ion stress 














& (g per day) +s.e. (n = 5) 


Acute response Chronic response 











Site A Site B % Loss or gain Site A Site B % Loss or gain 
Invertebrates 0.065 + 0.011 0.025 + 0.065 ~285 0.057+ 90.011 0.09 + 0.017 ~58 
CPOM 5.5+0.53 11.44 1.6 ~107 11.56 +5.89 9.49+4.3 +18 
FPOM 715+45,9 700 + 66.4 +2 1,320+ 575 1400 + 590 —6 
DOC 1,400 + 198 1,400 + 198 0 2,000 + 759 2,000 + 749 0 
Al 10.440.89 2742.9 ~160 70+ 29 130+51.4 ~86 
Ca 1,700 + 22.4 1,700 + 161 0 2,000 + 1,300 2,000 + 1,400 0 
N <3.2+0,72 <8.2+0.72 0 <15%7,33 <1547.33 0 
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Site A was in the reference area and just upstream of the treatment area; site B was at the downstream end of the treatment section, The durations of 
the acute and chronic responses were determined by a dose-response curve of drift density (biomass per volume of water). For the first 5 days of 
depressed pH, the density of invertebrate drift leaving the acidified zone exceeded that entering by a factor of 1.7-3.3, with peak drift appearing only 
after 2 days of acid addition. For the remaining 25 days, drift density at the treatment site was 1.6-fold greater than at the reference site, The mean 
daily (+s.e., n = 5) streamwater concentrations at site A for Ca, Al, N and DOC during the 5-day period were 1.65+0.012, 0.01 +0, <0.01, and 
1.59 mg 17' + 0.304, respectively; at site B the concentrations were 1.65 + 0.013, 0.026 + 0.0024, <0.01, and 1.59 mg 17! +0.305, respectively. The 
site A water concentrations (f +4.¢., n = 7) during the 25-day period were 1.71 + 0.026, 0.05 + 0.0075, <0.01, and 1.99 mg 17! + 0.1758, respectively, 


for Ca, Al, N and DOC; at site B the values were 1.71 + 0.026, 0.08 + 0.0065, <0.01, and 1.99 mg 17’ + 0.1843, respectively. 


matter were determined by conversion to CO, and IR gas 
analysis’. A conversion factor of 2.22 (ref. 24) was used to 
change fine particulate organic carbon to FROM. 

Drift nets were positioned upstream and downstream of the 
acid addition point”. Invertebrates and coarse particulate 
organic matter (CPOM) collected in drift nets were dried to a 
constant weight at 60°C. CPOM is defined as all materials 
(conifer and deciduous leaves, very small branches, and other 
organic particulates) retained in the 253-ym mesh drift nets. 
Chemical analyses of the invertebrates and organic matter were 
done using a conductive Jarrell-Ash (model 975) Multi-Channel 
Plasma Atom-COMP/Flame Emission spectrophotometer and 
a Perkin-Elmer (model 303) spectrophotometer, respectively. 
The coefficient of variation for chemical concentrations in 
invertebrates and organic matter ranged from 5 to 28% for all 
samples. We determined the net flux (A-B) of invertebrate, 
particulate (CPOM, FPOM), and dissolved (Al, Ca, N and 
organic carbon) transport modes operating in our experimental 
area (site B) relative to the reference section (site A). Biomass 
flux of invertebrates and particulate (CPOM and FPOM) matter 
is the product of chemical concentration (mg per g) and mass of 
biota collected per unit time (g day”), whereas streamwater flux 
(dissolved ions) is the product of chemical concentration (mg I”') 
and discharge of water (1 day™’). 

A comparison of some of the major biotic and abiotic 
components between the upstream and downstream sites yields 
information on acute and chronic effects of hydrogen ion stress 
(Table 1). The biomass of exported invertebrates and concen- 
tration of dissolved Al were higher in the acidified area (site B), 
with the per cent net loss [100(input—export)(input)~* = net 
ecosystem flux] being greater during the first 5 days than during 
the remaining 25-day period (negative values equal loss and 
positive values equal gain between A and B, Table 1). For 
example, a 285% (Students’ 4 one-tailed, P< 0.025) and 58% 
(P <0.025) net loss of invertebrate biomass from the acidified 
zone (26.9 m? study area) occurred during the 5-day (acute) and 
25-day (chronic) periods, respectively; a 160% (P < 0.005) and 
86% (P<0.05) net loss of dissolved Al occurred during these 
same two periods. Although the net export of CPOM increased 
significantly (107%, P<0.01) after just 5 days of acidification, 
the net flux of FPOM (P > 0.25).and dissolved Ca, N and organic 
carbon did not change (Table 1). Thus, increased acidity aug- 
mented the export of biomass and some dissolved chemicals to 
downstream reaches with a higher rate of loss occurring 
immediately after acidification. 

Concentrations of Al, Cz, C, N, P and S in invertebrate 
biomass and.CPOM were determined (Table 2), and the net flux 
(concentration x mass per unit time) of each. element between 
site A and B is shown in Fig. 1a (acute period) and b (chronic 


period). The net flux (A-B) of these elements in the dissolved 
fraction (from Table 1) is also included in Fig. 1. A significant 
increase in net flux of Al, Ca, C, N, P and S in invertebrate 
biomass (P < 0.01) occurred for the 30-day period (Fig. 1a, b). 
A Significant net flux of these six elements in the CPOM fraction 
occurred during the 5-day study period (P <0.01, Fig. 1a) but 
not during the subsequent 25-day period (P > 0.1, Fig. 1b). 

The increased drift of invertebrates may have been due to the 
increased hydrogen ion concentrations, or to increased alu- 
minum concentrations, or to a combination of both. Schofield’? 
has shown that deaths of brook trout in laboratory experiments 
occur in dilute solutions with a pH of 4.5-5.2 and containing 
0.2-1.0 mg!’ aluminum, whereas brook trout survive in pH 
4.5-5.0 with <0.1 mg I` aluminum. The invertebrates in our 
study may have been affected in a similar manner’?™'. 

Although loss of chemicals in invertebrate and CPOM frac- 
tions was significantly increased with elevated acidity, the total 
amounts of Al, Ca, C and N in those fractions were small 
compared with the amounts of these ions in the dissolved form 
(Table 1). However, if an assessment had been made of chem- 
icals in the biomass of trout, sculpins, salamanders and frogs that 
left the experimental section during acidification, the estimates 
of Al, Ca, C, N, P and N lost in the biotic component would have 
been considerably higher. Thus the loss of biologically bound 
nutrients such as Ç, N and P is ata level that could be significant 
to the stream ecosystem as a whole during acute hydrogen ion 
stress, as these nutrients would no longer be available for use in 
the stressed area. 

One surprising effect of higher stream acidity was the 
increased flux of CPOM during the first 5 days (Fig. 1a). The 
increased loss of CPOM may be due to: (1) a decrease in the 
number of collector organisms” (filter- and deposit-feeders) 





Table 2 Chemical content of aquatic insects and coarse particulate 
organic matter collected from Hubbard Brook streams 





¥ (mg per g dry mass+s.e.) 


Aquatic insects CPOM 
Chemical (n = 7)* (n = 5)t 
C 473+1.1 213435.2 
N 7543.0 1042.0 
P 9.1+0.6 0.6440.13 
S 5.40.49 0.66+0.18 
Ca 2.00.4 1.30.30 
Al 0.84+0.14 8.20.70 
C:N:S:P §2:8.2:6.59:1 333:15.6:1.03:1 





* Norris Brook, this study. 
+ Headwater streams in the Hubbard Brook Experimental Forest (R. 
Bilby, personal communication). 
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Fig. 1 Mean daily a, acute (5-day) and b, chronic (25-day) effects 
of elevated hydrogen ion concentration on flux of Al, Ca, C, N, P 
and Sin invertebrates (W), CPOM (N) and dissolved components in 
Norris Brook (C). Zero designates no change in net flux at site B 
relative to A. Vertical bars represent standard error. A greater 
mass was exported from B than A, thus A — B is a negative number. 
Asterisks indicate that flux of dissolved sulphur and phosphorus, 
due to elevated acidity, could not be evaluated for the 1977 study; 
that is, concentrated H,SO, was added to the stream water to lower 
the pH and the quality of the dissolved phosphorus data was poor. 
However, based on preliminary results from an experiment in 
which HCI was used to lower the pH, no change in dissolved 
sulphate concentration was detected above and below the experi- 
mental addition, and total phosphorus was mobilized in the stream 
water in the experimental area relative to the reference section. 


that use particulate organic matter as food and store it as 
biomass. In the acidified reach we observed an increase in export 
of collector and scraper organisms’’. Scrapers ingest relativel 
more periphyton than organic detritus in natural streams*°**? 
However, with a decrease in the number of collector organisms, 
one would also expect an increased loss of FPOM, but the 
expected loss of FPOM did not occur with the exception of a 
25% increase in the net flux of FPOM during the first 3 h after 
acidification. In addition, we suspect that collectors filter such a 
small portion of the total water column that increases in FROM 
net fiux due to decreased filtering (fewer collectors present) may 
not be detectable. (2) Increased hydrogen ion stress may have 
caused organisms to move quickly off the bottom or out of 
accumulations of leaf debris, thus dislodging organic matter and 
allowing it to be transported downstream by water currents. 
Based on our quantitative data we believe that the latter factor is 
more important. 

The acute (5-day) results of our acidification experiment may 
approximate what happens in streams during spring snowmelt in 
the northeastern US. Hydrogen ions are thought to migrate to 
the perimeter of snow crystals during the melt-refreeze 
cycle'*?*?°, Tt has been reported that as much as 80% of the 
acidic contaminants in the snowpack may be released in the first 
30% of snowmelt”. Depending on rate of melt, soil frost, and 
other environmental conditions, when an acid-stratified snow- 
pack begins to thaw, these hydrogen ions enter streams and may 
depress the pH of the water substantially. As the snowmelt 
period is brief'® 17790, and because neutralizatiori of hydrogen 
ions takes place rapidly due to aluminum dissolution reactions in 
the soil*’*? and the streambed (our study) and cation exchange 
on clay minerals**”*, the period of high acidity may be relatively 
short and/or limited to headwater tributaries. Our results show, 
however, that a significant increase in net flux of chemical 
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components, incorporated in the biomass of organisms and 
organic matter, occurred within the first 5 days of stream 
acidification. 

The 25-day response of the biota to H” stress may simulate 
results from chronic acidification from acid rain. An important 
repercussion of acid precipitation is the elimination of sensitive 
aquatic organisms”. The reduction in sumbers of biotic com- 
munities may have important consequences for the budget of 
organic matter in the headwaters of mountain streams. A 
greater than normal proportion of detrital material may be used 
by the decomposer food chain, or transported downstream, or 


both if detritivores had ingested and temporarily assimilated this- 


organic matter. The altered storage, processing, and export of 
litter and nutrients may have-either beneficial or detrimental 
effects on the downstream macrobenthos that otherwise would 
not have been affected directly by upstream acidification. 

Because increased burning of coal and other fossil fuels may 
intensify acid precipitation and deposition: in snowpacks, and 
because low pH values during initial snowmelt periods occur in 
first-, second- and third-order streams’’, the loss of nutrients, in 
particular phosphorus and nitrogen, and energy-abundant 
organic detritus may be of great ecological significance in 
headwater mountain streams. 

This is a contribution to the Hubbard Brook Ecosystem 
Study. The NSF, the International Paper Company Foundation, 
and the Environmental Protection Agency, Duluth, provided 
financial support for the field study at Hubbard Brook. The 
Northeastern Forest Experiment Station, US Department of 
Agriculture, Forest Service, Broomall, Pennsylvania, furnished 
the facilities. We thank B. Bilby for chemical data on CPOM; J. 
Eaton, B. Wesley and B. Moore for technical assistance, and N. 
Johnson, C. Driscoll, J. Harte and M. Pratt for critical reviews. 
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Carbon isotopes are fractionated by natural processes such as 
photosynthetic assimilation of CO, and its absorption in water. 
Carbon fractionation is affected by the type of metabolism used 
by the plant to fix CO, and differs in marine and terrestrial 
plants. This natural fractionation pattern is passed down the 
food chain and may therefore be used to elucidate questions on 
the origin of carbon compounds in nature. Here, the °C frac- 
tionation pattern has been used to investigate the dietary habits 
of prehistoric man in northwestern Europe. The results show 
that whereas Danish Mesolithic man lived on a diet dominated 
by sea food, in the Neolithic the human diet consisted pre- 
dominantly of terrestrial food. 

Isotopic fractionation in natural carbonaceous materials 
relevant to prehistory has recently been analysed’ and is shown 
in Fig. 1 as & °C values relative to the PDB standard. Due to 
kinetic effects, terrestrial plants that follow the normal Calvin 
(C3) photosynthesis are depleted in the heavy carbon isotopes, 
as shown by a change in 6 ‘°C values from —6 to ~8% in 
atmospheric CO, to ~ ~22 to —30% in terrestrial plants’. 
Terrestrial animals feeding on such plants show a similar °C 
content, although with a slight shift towards higher 6 °C values, 
partly because the respired CO, may be enriched in the light 
isotopes*. The magnitude of the fractionation effect in animals 
may therefore vary both with the nature of the foodstuff and 
with the position in the natural food chains. 

Absorption of CO, in water and the subsequent formation of 
bicarbonate are governed by kinetic effects and by thermo- 
dynamic equilibrium processes which lead to an enrichment in 
the heavy carbon isotopes to 6 °C values close to 0% PDB (Fig. 
1). When marine bicarbonate is assimilated during photo- 
synthesis of submerged plants, reaction kinetics again result in a 
depletion in the heavy isotopes, in this case to & '°C values of 
about —10 to -18% and this fractionation is also reflected in 
marine animals. : 

This simple isotopic separation between terrestrial and 
marine plants and animals is partly obscured if Hatch-Slack 
photosynthesis (C,) has dominated in the terrestrial plants. 
Hatch-Slack photosynthesis occurs in several plants growing in 
arid and subtropical regions, especially in grasses of the family 
Panicoideae, and leads to 6 °C values of between —10 and 
~18% (ref. 3) (hatched boxes in Fig. 1). The most important 
cultivated C, plants are maize, sugar cane and millet. However, 
if as in the present study, which concerns temperate northwest- 
ern Europe, the influence of C, plants can be excluded, the eG 
fractionation pattern may be used to distinguish between a 
predominant reliance by man on sea food and terrestrial food*"*. 

Figure 2 shows the ‘°C content of organic remains of bone 
collagen or tissue from 28 humans living from 5200BC to 
AD1750, together with '*C dates of the samples, calibrated 
according to Clark’. Collagen from the bones was isolated as a 
gelatine by the method by Longin®, and the gelatine was con- 
verted to CO, which was used partly for the ‘*C determination in 
a proportional counter and partly for the '*C determination by a 
mass spectrometric analysis with a reproducibility better than 
0.3% and an overall uncertainty of about 0.7%. Samples of 
human tissues were thoroughly extracted with acids and alkalis 
to remove extraneous carbon compounds before conversion to 
CO,. It was checked that the chemical procedures applied to 
collagen and tissue samples had only a negligible effect on the 
isotopic compositions®”. 

The series also included bones of three Eskimos from Green- 
land whose feeding habits are known or may be safely deduced. 
Two of these lived at Angmagssalik, East Greenland, before 





contacts with Europeans, and were therefore forced to subsist 
almost entirely on sea foods. This is substantiated by the 
difference between their apparent *C age and their historical 
age, which suggests a 90-95% intake of sea food**. The third 
Eskimo sample was from West Greenland and the difference in 
14C content of human tissue and a reindeer fur, found together, 
suggests a dietary supply of sea food of about 70% (ref. 6). 

The measurements on humans from Denmark proper show a 
clear distinction between the °C content of humans from 
Mesolithic time and from the Neolithic and later periods. All six 
samples from the Danish Mesolithic had a ‘°C content similar to 
that of the Eskimos from historic times, and thus must represent 
people with a predominant reliance on sea food, comparable 
with that in Greenland. 

This conclusion is at variance with common archaeological 
estimates for the period, based on bones and shells found in 
Mesolithic dwelling places in Denmark. However, fish bones are 
small and fragile and may easily have been overlooked or 
under-represented in the early excavations of Mesolithic sites. 
This is also suggested by a modern excavation of coastal Mesoli- 
thic dwelling places at Vedbæk, North Zealand, from where 
three of the Mesolithic skeletons originate. By a careful sieving 
of all the excavated materials, several thousand fragments of fish 
bones were recovered per square metre of the thin cultural 
layers (ref. 10 and. K. Aaris-Sgrensen, personal communi- 
cation). In addition to sea food, high 6 ‘°C values in humans may 
indicate a consumption of fish and birds from streams and 
lacustrine waters. When comparisons are made with 
archaeological estimates, it should be remembered that faunal 
remains from dwelling places often represent consumption dur- 
ing a short or seasonal stay only, whereas the '°C content of 
human bones gives an integrated measure of the composition of 
the mean food intake over an extended period, probably of the 
order of 5-10 yr. 

All Mesolithic sites shown in Fig. 2 are coastal sites. A strong 
reliance on sea food therefore seems natural. However, all eight 
Neolithic skeletons represented in Fig. 2 also originate from 
sites or graves situated either directly on the coast or within 
100-200 m of the sea. These Neolithic people were thus coast 
dwellers, as were the Mesolithic people, but they did not utilize 
the resources of the sea to the same extent as did the Mesolithic 
people. This suggests that a highly developed Neolithic cultural 
complex, with a different method of subsistence and therefore 
different food habits, rapidly succeeded a Mesolithic economy. 
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Fig. 1 Fractionation of carbon isotopes in nature. Variations in 
the ‘°C content are measured as 
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with the Chicago sample of Cretaceous belemnite from the Peedee 
formation, South Carolina, as a standard, 
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With a natural scatter in the 6 ‘°C values as indicated in Fig. 1, 
estimates of the relative proportions of dietary components 
from 6 °C measurements are rather unreliable. It is also 
uncertain whether part of the isotopic fractionation is 
influenced by species-related or individual differences in the 
enzymatic processes during metabolism. It is therefore only 
concluded that the individuals analysed from the Danish Meso- 
lithic subsisted on a diet dominated by sea food, while those 
analysed from the Neolithic and later periods lived pre- 
dominantly on terrestrial food, although in some cases with a 
significant contribution of marine food. 
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The number of individuals investigated is rather small, and 
one should therefore be cautious in drawing far-reaching 
conclusions about Mesolithic food habits, but the present 
investigation demonstrates the potential of such measure- 
ments for the elucidation of the dietary habits of prehistoric 
man. 
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ments. 
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Studies evaluating the distribution of stable carbon isotopes in 
bone and other tissues of both human and non-human animals 
have recently been reported’*. Those investigations which 
examined the isotopic composition of bone have concentrated 
on the analysis of bone collagen and demonstrated that the 
13C/"2C ratios in bone collagen are directly related to the °C/C 
ratios of primary photosynthesizing plants in the diets of the 
animals concerned**, With regard to archaeological appli- 
cations, such analyses have been limited to relatively young 
samples because of the instability of collagen in bone. We have 
extended the isotopic method of dietary analysis by using both 
the organic and inorganic phases of bone with equally good 
results. In the case of material over a few thousand years old, 
unless special conditions have preserved collagen, analysis of the 
organic phase of bone is no longer practical due to its deteriora- 
tion’. The technique reported here allows dietary analysis of 
bone over 10,000 years old by using the inorganic phase, which 
is more stable in fossil material. 
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Dietary analysis using carbon isotopes is based on the fact that 
most plants photosynthesize by one of two pathways, the Calvin 
(Ca) cycle or the Hatch-Slack (C4) pathway '™ >, These pathways 
produce very different carbon isotope ratios'*'* which can be 
readily quantified by standard mass spectrometric techniques. 
The carbon isotope ratios of animal tissues reflect the propor- 
tions of C, and C, plants in the animal’s diet. Fresh modern bone 
contains at least three distinct carbon-bearing phases'*. Most 
carbon is in the form of collagen, a complex polypeptide which 
represents ~10~15% by weight of fresh bone, Hydroxyapatite, 
also called ‘bone apatite’, comprises 80-90% by weight of 
typical bone samples. It contains a small amount of carbon, 
probably as carbonate ion substitutions for hydroxyl or phos- 
phate ions. A third phase, also inorganic in nature, behaves 
chemically like a normal carbonate. 

The main phases of bone can be separated for isotopic study 
by appropriate techniques. The ‘normal carbonate’ phase can be 
removed and its carbon collected as CO,, by reaction with cold 
dilute acetic acid under vacuum, leaving the insoluble hydroxy- 
apatite and collagen. After washing to remove acetic acid resi- 
dues, this material can then be reacted with dilute HCI under 
vacuum to hydrolyse hydroxyapatite and release its carbon as 
CO, for analysis. The collagen remains insoluble and can be 
filtered off and refined to pure bone gelatin". Procedures 
developed for use in radiocarbon dating with kilogram-sized 
bone samples®”® have been scaled down for isotopic studies of 
the geochemistry of bone using samples of <5 g. 

Carbon isotope analyses were performed on CO, directly 
evolved from hydroxyapatite, and also on CO, prepared by a 
microcombustion procedure from purified bone gelatin—these 
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Table 1 Carbon isotopic compositions of bone fractions 











Sample Indicated % 
no, Species S YCA 8PC of C, plants 
Modern bone Location Gelatin Apatite. in diet 
1 Masai giraffe Kenya -24.1 -13.7 0 
2 Cape buffalo Kenya ~10.3 2.1 75 
3 Domestic cow Kenya ~13.5 -5.5 55 
4 Hartebeest Kenya ~7.8 +0.6 90 
§ Grant’s gazelle Kenya ~18.7 —11.7 15 
é Waterbuck Kenya ~10.0 ~2.3 75 
7 Zebra Kenya ~105 ~0.8 80 
& Thompson’s gazelle Kenya ~13.6 ~4.8 55 
9 Hippopotamus Kenya —11.2 ~3.7 65 
10 Domestic cow Kenya ~G3 —-0.5 85 
11 Warthog Kenya ~10.6 ~2.7 70 
12 Domestic cow Idaho —19.6 ~10.9 15 
13 Domestic cow Idaho ~22.6 ~16.4 0 
14 White-tailed deer Connecticut -18.9 ~12.1 15 
n=14 r=0.991 m=1.113 Apatite — Gelatin = 7.94% + 0.93 
Archaeological bone (<2,000 years old) 
15 Musk ox N. Canada ~22.1 ~14.6 0 
16 Arctic hare N. Canada ~21.2 ~13.8 0 
17 Bison New Mexico ~8.7 ~O0.4 85 
18 Bison New Mexico -9.4 ~0.2 85 
19 Unknown animal Kenya —6.8 +0.9 95 
n=5 r=(0,997 m= 1.061 Apatite ~ Gelatin = 8.02% + 0.75 
Archaeological bone (older than 2,000 years) 
20 Domestic cow Kenya ~97 0.3 85 
21 Unknown animal Kenya ~6.3 +0.8 95 
22 Human New Hampshire ~17.0 9,2 30 
23 Human Peru ~19.4 ~11.2 15 
24 Domestic cow Kenya -R8 -0.6 85 
n=5 r= 0,989 m =0,988 Apatite ~ Gelatin = 8.14% + 0.84 
Fossil bone (older than 10,000 years) 
25 Mastodon New Jersey ~20.2 ~11.7 10 
26 Fossil camelid Idaho ~16.1 -9.1 30 
n=2 Apatite ~ Gelatin = 7.75% + 1.06 
All analyses 
n= 26 r=0.991 m = 1.067 Apatite — Gelatin = 7.98% + 0.84 
were done using either Micromass 602D or 903 mass spec- 
trometers (at the Geochron Laboratories). Results are reported 
in standard 6 notation relative to the PDB standard”. 
To examine the relationship between 5'°C of bone gelatin and 
of hydroxyapatite, bone samples were chosen to represent a 
+5 wide variety of conditions which might affect the isotopic rela- 
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Fig. 1 Relationship between 5'°C of carbon in bone gelatin and 
hydroxyapatite. @, Modern animals; ©, archaeological or fossil 


animals. 


tionships. Several samples were from animal species which are 
known to have preferences for either C, or C, plants’®’’, 
including species that have dietary inputs of almost pure C, or 
C,. Samples of differing age were analysed to evaluate the 
isotopic relationship between gelatin and hydroxyapatite as a 
function of time and to determine what other geochemical 
interferences, if any, might cause problems. Samples were 
selected to provide a broad geographical base for the data, 
including samples from Africa, various sites in North America, 
and one site in South America. As far as possible, samples from 
environments with unusual preservation conditions, ranging 
from the Canadian Arctic to Kenya, New Mexico and the 
Peruvian desert, were selected. Among the fossil bone samples 
are several which have very different conditions of burial and 
preservation. 

The analyses of 26 bone samples are given in Table 1 and the 
data points are shown in Fig. 1 as a plot of 6'°C of carbon in 
hydroxyapatite against 6 ‘°C of carbon in gelatin. The analyses in 
Table 1 are derived from animals having almost the full range of 
plant diets, from 100% C, to 100% C, dietary inputs. Vogel et 
al have estimated the average isotopic compositions of the 
basal photosynthetic food webs and assigned 6'°C values of 
~26.5% and ~12.5% for C, and C, plants, respectively. These 
values represent the total carbon in the plants and may not 
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accurately represent the carbon that is actually used for 
metabolism or synthesis of animal tissues. We agree with 
Tieszen”' that there is a need for compound specificity when 
discussing the minute details of isotopic fractionation. Van der 
Merwe and Vogel® have determined a 6'°C of —21.4% for 
collagen from North American humans with known C; diets, 
and Vogel’ reports a value of ~21.2% for collagen from African 
ungulates with pure C, diets. Our data for those animals having 
amost pure C, diets indicate a 8'°C of ~~-21.5%, which 
confirms the reported shift of ~ +5% from the basal food web. 

_ Our analyses of gelatin from animals having essentially pure 
C, diets indicate a 81°C of ~-6.5%, which is identical to the 
value given by Vogel’ and close to the value of —7.5%. calculated 
by Van der Merwe and Vogel. The analyses of C,-derived 
gelatin suggest an isotope enrichment of ~ +6% relative to aC, 
food source. The difference between the 6'°C of C,-derived 
gelatin and that of C,-derived gelatin is ~15% and closely 
approximates the isotopic difference in the original food 
materials. 

Isotopic analyses of the hydroxyapatite phase of bone are 
quite different from those of gelatin for the same samples. In all 
samples the carbon in hydroxyapatite is ~8% heavier than that 
in the gelatin. Bone apatite derived from pure C; diets has a °C 
of ~ —13.5% while that derived from pure C; diets has a value of 
~ +1%. The hydroxyapatite data thus show the same spread of 
isotopic values as the gelatin data, but exhibit consistently 
greater '°C enrichment relative to diet. While protein synthesis 
to produce collagen apparently induces an isotopic enrichment 
of ~ +5% from the basal food web, the carbon incorporated into 
hydroxyapatite is consistently enriched by ~ +13% relative to 
the food web. It seems most likely that the carbon contained in 
hydroxyapatite is derived from dissolved bicarbonate in blood 
plasma. Analogous isotopic enrichments exist between marine 
shells and seawater bicarbonate. 

Despite the greater isotopic fractionation between diet and 
hydroxyapatite, it is clear from Fig. 1 that dietary information is 
accurately reflected. The relationship between 8°C of bone 
gelatin and 6'*C of hydroxyapatite is linear and is approximately 
represented by the equation 8'*C (apatite) = 8" Cigetatiny + 8. Figure 
1 defines a straight line for the data with a slope very close to 
unity (correlation coefficient = 0.99). This relationship can be 
used to estimate the percentages of C, plants in the diet using 
bone gelatin data, bone apatite data, or both together. The 
particular value of this relationship derives from the fact that it 
can be used to gain dietary information, using only hydroxy- 
apatite analyses, from older bone samples which no longer 
contain intact collagen. In this case  8'’C apatite) = 
8 C ood web) + 13, and the proportion of C, plants in the diet can 
be obtained directly from the hydroxyapatite axis of Fig. 1. 

This model of dietary analysis using bone will have important 
applications in archaeology, ecology, climatology and other 
areas and will allow the extension of such studies well back into 
the Pleistocene. 
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Mycorrhizal infection and 
resistance to heavy 
metal toxicity in Calluna vulgaris 


R. Bradley, A. J. Burt & D. J. Read 


Department of Botany, University of Sheffield, 

Sheffield S10 2TN, UK 

Although studies ofthe biology of mycorrhizas have repeatedly 
demonstrated their capacity to enhance nutrient capture in 
circumstances where essential elements are present in growth 
limiting quantities’, knowledge of their function in environ- 
ments containing potentially toxic concentrations of metallic 
elements is lacking. It is known that mycorrhizal infection can 
increase the uptake of copper and zinc from soil solutions 
containing low concentrations of these metals’, but any such 
increase in circumstances of high metal concentration would 
clearly be disadvantageous. Because cf the large number of 
situations, both natural and man-made, in which heavy metal 
toxicity can restrict plant growth, it is of great ecological and 
applied interest to increase our understanding of those factors 
which permit growth of plants on heavily contaminated soils. 
One of the most successful colonists of such soils in northern 
Europe is the strongly mycorrhizal ericaceous. plant Calluna 
vulgaris®. Calluna has a characteristic ‘ericoid’ mycorrhizal 
infection which, in contrast to the situation found in vesicular- 
arbuscular (VA) mycorrhizas, has been shown primarily to 
enhance nitrogen rather than phosphorus uptake 1, We have 
examined the possibility that mycorrhizal infection may 
influence the resistance of Calluna to high levels of heavy 
metals. The growth, survival and heavy metal content of two 
races of Calluna, one from a metal-poliuted site and one from 
an unpolluted natural heathland, have been compared when 
plants were grown in the mycorrhizal (M) and non-mycorrhizal 
(NM) condition in sand cultures supplemented with different 
levels of copper and zinc. We report here that whereas NM 
plants show no tolerance of these metals at high concentrations, 
mycorrhizal infection provides a major degree of resistance to 
the toxicity and that infection leads to significant reduction of 
the heavy metal content of the shoot. 

Calluna seeds were collected from plants growing on heavy 
metal-contaminated spoil at Parys Mountain, Anglesey, North 
Wales, and from natural heathland at Stanton Moor, Derby- 
shire, England. Seedlings of both races were grown aseptically 
on water agar and then transferred to sterile soil in Petri dishes. 
Half of the seedlings of each race were inoculated with an isolate 
of the mycorrhizal fungus Pezizella ericae, which had been 
obtained from seedlings growing in the original locality of that 
race. After incubation for 6 weeks in the presence of the 
appropriate endophyte, M seedlings of both races showed typi- 
cal heavy endomycorrhizal infection of the ericoid type’. At this 
stage M and NM plants were transferred to pots of sterile 
acid-washed sand in which they were supplied with a dilute 
nutrient solution (1/10th Rorison’s)* containing either copper 
or zinc, which are the major metallic pollutants at Parys and at 
several other sites colonized by Calluna in the UK. 

The nutrient concentration was selected after preliminary 
experiments had shown that, with twice weekly addition, 
macronutrient levels were adequate to sustain growth of both M 
and NM plants of Calluna, which is an intrinsically slow-growing 
species. P levels were not, however, high enough to cause 
inhibition of mycorrhizal infection, or precipitation of added 
metals. The recoverability of N, P and metals was shown in 
parallel experiments without plants to be greater than 95% atall 
treatment levels. In addition, levels of P in this medium were the 
same as those previously reported as ‘extractable’ from Parys 
mine spoil and heathland soil’, and were thus considered to be 
both ecologically and physiologically appropriate for this type of 
experiment. Copper treatments were at 0, 10, 25, 30 and 
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Table 1 Mean yield (mg) and standard error of plants of two races of Calluna vulgaris grown in the mycorrhizal (M) and non-mycorrhizal (NM) 
condition with different treatments of copper or zinc 


Parys Stanton 
Treatment A Se ner ae 
Cu (mg 17’) M NM M NM 
0 47,9421 32.04 1.4 48.4+3.0 32.742.0 
10 17,.6+1.3 1,540.4 15.5+2.6 1.3+0,1 
25 10.0+0.9 0.9+0.1 13.9+1.1 1.0+0.1 
50 8.6+0.9 6.6201 8.9+0.8 1,520.1 
7 9.7+0.8 0.7+0.2 6.1+0.7 0.8+0.2 








Parys Stanton 
Treatment SO ge ne ee ee eT. of Cement ey 

Zn (mgt!) M NM M NM 
0 47.242.4 26.7+3.4 51.943.4 24.241.6 
25 47.344.0* 18.922.27 16.6+2.6 L.740.7 
50 23.9 + 2.6" 1.0401 14.341,9 1.40.3 
100 15.7 1.2* 0.80.2 9,940.8 1.40.1 
150 15,0+2.0* 0.8401 6.1+£0.1 1.5401 





All M values are significantly different from NM at P= <0.05, 


* Yield of Parys M plants significantly greater than those of the Stanton race at P< 0.05; + Parys NM value significantly different from Stanton NM 


at P<0.05,n =6. 


Internal Cu concentration (mg per g) 





External Cu concentration (mg 17+) 


Fig. 1 Copper contents of mycorrhizal (O) and non-mycorrhizal 

(@) plants of Parys (a) and Stanton (b) races of Calluna vulgaris 

together with fitted regression lines showing the overall relation- 

ship between the external and shoot concentrations of the metal. In 

both cases the slopes of the M and NM regression lines differ 
significantly at P< 0.05. 


75 mg”! and zinc at 0, 25, 50, 100 and 150 mg 1™°. After 12 
weeks all seedlings were harvested, their roots and shoots were 
separated, oven dried, weighed and further processed for 
analysis of Cu and Zn concentrations by atomic absorption 
spectrophotometry. The results of the shoot Cu and Zn 
measurements were subjected to a first order polynomial 
regression analysis to determine whether external metal 
concentration influenced tissue concentrations and to compare 
the magnitudes of any such influence in M and NM plants. 
The major response of both races of Calluna to addition of 
heavy metals was that, with one exception (Calluna Parys, 
25 mg I` Zn), the NM plants failed to show any growth in the 
presence of the metals. Growth of both M and NM control plants 
was vigorous compared with that of NM plants exposed to 
metals, which indicates that major nutrient deficiencies were not 
experienced by the plants. M plants, in contrast, showed some 
growth even at the highest concentrations of metal and in all 
cases their yields were significantly greater than those of their 
NM counterparts (Table 1). The main difference between NM 
plants of the two races was that mortality was somewhat higher 
in the Stanton plants. Yield differences between M plants of the 
two races were small and insignificant in the copper treatments, 
but yields were significantly higher in Parys M plants in the zinc 


treatments, This is the most distinctive difference between the 
races in the M condition. Because neither metals nor nutrients 
were precipitated at the concentrations used, it is likely that the 
main treatment effect in the NM plants is directly attributable to 
the added metal, rather than to interaction between metals and 
nutrient availability. 

Regression analyses applied to the results of shoot copper 
(Fig. 1a, b) and zinc (Fig. 2a, b) determinations show that NM 
plants contain significantly higher contents of these metals in all 
cases except Stanton zinc. Premature death of Stanton NM 
plants in the Zn treatment probably contributed to the lower 
accumulation of Zn at the high treatment levels. 

At the highest metal concentrations the root systems of NM 
plants of both races were so poorly developed that they were not 
suitable for metal analysis. Metal levels in roots of M plants were 
analysed and were found to be significantly higher than those of 
the shoots. This suggests that metals are being retained by the 
mycorrhizal fungus in the roots. 

The severity of the growth inhibition in metal-treated NM 
plants compared with controls, and its association with a marked 
increase of metal concentration suggest that metal accumulation 
is primarily responsible for damage. High metal contents in 
roots relative to shoots of mycorrhizal plants also suggest that 
the capacity to maintain growth is associated with metal 
exclusion and hence avoidance of toxicity. It has been shown in 
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External Zn concentration (mg 17+) 


Fig.2 Zinc contents of M and NM plants of Parys (a) and Stanton 

(b) races of Calluna vulgaris. Other details as in Fig. 1. The slopes 

of the M and NM regression lines are significantly different in the 
Parys race (P < 0.05) but not in the Stanton race. 
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the case of copper-tolerant races of the grass Agrostis tenuis that 
the metal is confined to the roots’, the main site of the complex- 
ing being the cell wall’®. At high levels of metal, however, 
inhibition of root extension and hence of complexing ability 
occurs. In these circumstances the presence of an endomycorrt- 
hizal fungal symbiont could be of considerable importance. 
Fungal cell walls, particularly those of the class Ascomycotina to 
which Pezizella belongs, are known to have strong affinities for 
metallic cations'', and the ericoid infection, which provides a 
much greater concentration of fungal material in the root than 
that seen in VA mycorrhizas’, would be expected to provide a 
particularly efficient exclusion mechanism. Elaborate hyphal 
coils occupy most of the cortical cells of Calluna roots in those 
regions through which absorption occurs and these would pro- 
vide a greatly increased surface for a retention of metal ions. The 
capacity, provided by mycorrhizal infection, to avoid. metal 
accumulation may also help to explain the relative success of 
ericaceous plants on natural heathland soils in which the low pH 
increases the availability of metallic cations, in particular alu- 
minium and manganese, to levels which are toxic to many 
non-ericaceous species'*, We are now assessing the ecological 
and physiological implications of the relationship between 
mycorrhizal infection and heavy metal resistance in a range of 
ericaceous species. 

We thank Dr R. Hunt for assistance with statistical analysis of 
the data, Dr. A. J. M. Baker for helpful discussions, and: ‘the 
NERC for financial support. 
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Increased growth of 
ryegrass exposed to ammonia 
D. W. Cowling & D. R. Lockyer 


The Grassland Research Institute, Hurley, Maidenhead, 
Berkshire. SL6 SLR, UK 





Fluxes of ammonia (NH,) between the soil/plant system and the 
atmosphere. are components of the nitrogen cycle, but know- 
ledge of them is inadequate’*. Grassland in the UK annually 
‘receives 8.4x 10° tonnes of fertilizer nitrogen? and 5x 10° 
tonnes of nitrogen through the excreta of grazing ruminants“. 
Emissions of NH, from these sources may be 10° tonnes annu- 
ally“ and, apart from the loss of.a plant nutrient, they may 
pollate the air. We report here that NH, has beneficial effects on 
growth of perennial ryegrass (Lolium perenne L.), apparently 
through leaf sorption. In air containing Ns at 16 pgm” 
similar to the level above a grazed pasture’, sorption would be 
48-224 ng m” leaf area s~', depending on the density of leaves 
in the canopy. For grass with a leaf area index of 4, this process 
would add nitrogen at 6-28 g ha~! h*. These results support the 
suggestion’ that some of the flux of NH, from soil may be sorbed 
by overlying plants. 

The concentration of NH; in the air has been found to 
decrease with increasing height above the soil within the canopy 
of a pasture and it was suggested that some NH; volatilized from 
a soil may be sorbed by the overlying plants’. Recent studies of a 


337 











Dry weight of plant fraction (g per pot) 








4+ b 
2 a 
c 
4b 
I 
2 , 
0 w 40 RT 0 


Added nitrogen (mg per kg dry soil} 


` Fig. 1 The dry weight (g per pot) of perennial ryegrass (Lolium 
perenne L.) cv. $23 harvested in three fractions: a, ‘shoots’, cut 
30 mm above the soil; b, ‘stubble’, bases of shoots cutto soil level; 
and c, ‘roots’ (ash-free basis) recovered’ by sieving and washing. 
The plants were exposed to filtered air with NH, added to give 11 
(©), 148 (@), and 550 (A) wg m° throughout a 16-h photoperiod 
from day 45 after sowing, when they were first cut to 30mm, until 
day 71, Fifteen plants were grown in each 15-cm.diameter pot , 
containing 4.2 kg of a sandy loam of pH 7.5, described else- 
where?”, to which nitrogen (as NH,NO3) was added at either 0,10, 
50 or 100 mg kg’, together with uniform: amounts of phosphorus, 
potassium, sulphur and magnesium (as CaH,y (PO4)2, KHP Og, 

_K,SO4 and MgCl). The soil surface was covered with a 10 mim 
layer of polyethylene granules to minimize sorption of NH and 
evaporation of water. Water was added frequently to the pots:.to” 
bring the soil to an average tension of 7:4 kPa. Sets of four pots, 
representing the four rates of added nitrogen, were housed ineach: 
of nine chambers which provided three replicates of the three NHy 
concentrations. The chambers, which have been fully described 
elsewhere “, were modified by the removal of the original per- 
forated ceilings, and they received air at 1218 °° to give two air 
changes per min. In these conditions, the boundary layer resistance 
to the transfer of water vapour measured just within. the leaf 
canopy was 0.04s mm™', The concentration of NH, was moni. 
tored continually in the outlet air and adjusted daily on the basis of 
determinations both by UV absorption spectrometry (Lear Siegler. 
$M1000 Ambient Air Monitor; Colorade, USA) and bya colori» 

metric method using Nessier's reagent”. 


number of species” -1 have shown that NH; may be sorbed by 
leaves from air containing 4~14,000 augm”, sometimes with 
benefit to yield*"°. In some studies'?"?. there was no evidence of 
sorption with NH; at <4 ug m”, rather there was release from 
senescent leaves. 

We examined the effects on plant growth of increments in 
NH; concentration and nitrogen supply to the roots (Fig, 1). The 
weight of shoots increased with NH, concentration, and 
increased linearly with the addition of nitrogen to the soil, 
except at the highest rate. Although the stubble and roots (Fig. 
16,c) responded similarly to the shoots, the effects of the 
treatments were less clear. The concentration of nitrogen in 
shoots, stubble and roots (Fig. 2a—c) always increased with NH, 
concentration and with the addition of nitrogen to the soil, 
except at the lowest rate. 

When nitrogen supply to the rocts was inadequate, the 
growth of the plants was enhanced by exposure to NHa. This 
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Fig. 2 The concentration of nitrogen (per cent of dry matter) in 
perennial ryegrass (Lolium perenne L.) cv. $23 harvested in three 
fractions: a, ‘shoots’; b, ‘stubble’; and c, ‘roots’, after exposure to 
filtered air containing NH, at 11 (O), 148 (@) and 550 (A) pgm’, 
as described in Fig. 1 legend. The concentration of nitrogen in 
duplicate oven-dried samples of the three replicate fractions of 
plant material was determined using an automated Dumas pro- 
cedure (Coleman 29A Nitrogen Analyser, Illinois, USA). 


enhancement was almost certainly through leaf absorption, 
which has been found for other crops with NH; (refs 9, 10) as 
well as with nitrogen dioxide'*’®. The term sorption, as used 
here, includes absorption into leaf tissue and adsorption on the 
leaf surface. 

The high nitrogen concentration in the shoots exposed to NH; 
at 148 and 550 ugm”? (Fig. 2a) probably results from leaf 
sorption of NH3; sorption by soil and subsequent root uptake 
was unlikely to have been important’®. The concentration in the 
shoots of plants grown without added nitrogen and exposed to 
NH; at 11 pgm™ was 1.4%, it increased to 2.6% with the 
highest rate of added nitrogen but, surprisingly, increased to 
3.3% with exposure to NH; at 550 pg m~”. This comparison was 
made between the shoots of plants differing greatly in dry 
weight. A more appropriate comparison may be made by inter- 
polating the shoot weight of plants grown without added 
nitrogen and exposed to 550 ug m° NH; (that is, 3.97 g per pot) 
onto the regression line produced for the shoot weight of plants 
grown with increased added nitrogen but with NH, at 11 pg m™* 
(Fig. 1a). Thus, a similar shoot weight would have been obtained 
with nitrogen added at 22 mg kg” soil; the shoots would have 
contained 1.5% nitrogen (Fig. 2a), that is, less than half the 
concentration resulting from exposure to 550 pg m° NH. This 
suggests that ammonia-nitrogen sorbed by leaves may be less 
available for transport and metabolism than nitrogen taken up 
through the roots. Ammonia may have reacted with the leaf 
surface, or its accumulation may have had both beneficial and 
injurious effects on growth. 

The rate of sorption of NHs, based on: (1) the leaf area, which 
was assumed, not unreasonably, to have developed linearly, and 
(2) the extra nitrogen in plants due to NH3, may be expressed as 
a deposition velocity: 

+, _ Tate of sorption of NH; (ug m?s’) 
Kems a concentration of NH; in air (ug m°) 


where NH; concentration is reduced by 11 pg m”, to allow for 
background in the filtered air. This expression is useful for 
comparing rates of sorption. Velocity ranged from 3 to 
14mms™ and was lower for high-yielding plants; a greater 
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density of leaves presumably increased aerodynamic resistance 
to NH; sorption. In other studies, short-term exposures to NH; 
of isolated plants in chambers have given V, of 10.4 and 
15.4 mm s™ for two grasses" and 13.0 mms”! for maize’. 

The sorption of NH; by leaves may be important in reducing 
potential losses to the atmosphere, especially in heavily fertil- 
ized, intensively grazed grassland. 

We thank Dr L. H. P. Jones for valuable discussion and A, W. 
Bristow and J. N. Whiteway for technical assistance. The 
Grassland Research Institute is financed by the Agricultural 
Research Council. 
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Phototaxis in Halobacterium halobium is governed by two 
distinct photosystems’. Cells are attracted by green light, which 
is absorbed by bacteriorhodopsin, effectively a light-driven 
proton pump””, and repelled by UV and blue light absorbed by a 
retinal-dependent pigment and by carotenoids'*”°. One 
possibility is that the bacterium detects changes in light intensity 
directly by the interaction of excited absorbent molecules with 
the tactile system, in which case the phototactic receptors would 
be analogous to bacterial chemoreceptors". However, H. 
halobium may sense light changes indirectly as changes in the 
chemical potential of hydrogen ions (AjiH*)'*™*; the coin- 
cidence of the action spectra for positive phototaxis and pho- 
tosynthesis'*"* indeed support the suggestion that the cells may 
possess a specific AjiH* receptor, called a ‘protometer’. We now 
describe experiments which indicate that positive phototaxis in 
H. halobium is governed by AjiH* sensing, but that negative 
phototaxis is mediated by a specific photoreceptor system. 
Shortly after an increase in blue light intensity, or a decrease 
in green light intensity, H. halobium cells reverse their direction 
of travel and, for a certain time period, the rate of reversals 
remains increased, gradually returning to the basal rate. In 
peritrichous bacteria (for example, Escherichia coli), the adap- 
tation time to-a stimulus is directly proportional to the number of 
excited receptor molecules’®. In the case of H. halobium the 
quantitative significance of the adaptation time is unclear and 
thus the only adequate method of determining taxis is by 
recording the fraction of cells that respond to a stimulus. 
Moreover, it seems reasonable to assume that the first reversal is 
an immediate response to the chemotactic signal, whereas 
adaptation reflects the process of inhibiting the chemotactic 
signal transmission. Therefore the first reversal will provide 
more accurate information about the reception process than the 
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Time of green light decrease (3) 


Fig. 1 The effect of inhibiting respiration and ATPase on the 
sensitivity of H. halobium phototaxis. H. halobium RM, lacking 
gas vacuoles and bacterioruberin (supplied by Dr N. Dencher) 
were grown in white light at 37 °C on a complex peptone medium 
(Oxoid) for 96 h. Motility of collected cells was greatly improved by 
incubation for 24 h in nutrient-free salts media. Cells were obser- 
ved by phase contrast using a Univar microscope (Reichert). The 
initial intensity of the green light (500-650 nm) was 9 mW cm~” 

Cell reversal was recorded if the cell reversed within 5s after 
insertion of a neutral filter that decreased the intensity by a factor 
of 1.4. The experimental points are means of 20-60 individual cell 
recordings. ©, Control; A, 0.1 mM DCCD; A, 5mM KCN; @, 
0.1 mM DCCD and 5 mM KCN. The baseline indicates the level of 

spontaneous reversals, 


adaptation time. If, during phototaxis, bacteria actually sense 
changes in A H* rather than changes in the concentration of 
excited bacteriorhodopsin, we would. expect the inhibitors of 
oxidative phosphorylation to increase their sensitivity. Indeed, if 
the respiratory chain is blocked by CN” and the H*-ATPase by 
DCCD, bacteriorhodopsin remains as the only operating proton 
pump, and minor changes in light intensity will effect significant 
changes in AAH”. In the absence of inhibitors the same changes 
in light, due to the operation of the redox chain, will have little or 
no effect on the magnitude of AZ H”. 

There are two ways in which the light stimulus can be varied: 
by changing the duration of the stimulus, or. by altering its 
magnitude. The first approach was used in the experiment 
shown in Fig, 1. A given decrease in light was applied to the cell 
suspension for various periods of time. The sensitivity of photo- 
taxis seemed to be much higher in the presence of CN” and 
DCCD than in the absence of inhibitors. Oxygen consumption, 





Table 1 Responses of H. halobium cells to monochromatic and 





mixed light 
Per cent cells | Motility _ 
reversed rate 
. Hiumination in3s (us) 
Orange background: 0.12. mW cm~?, 
A<520 nm <5 1.5 
Increase in orange light to 
> 72mWem? <5 2.7 
Orange background + blue light 
(A < 400 nm), 0.03 mW cm”? 73 1.5 
Increase in orange light to 
7.2 mW cm" + blue light, 
0.03 mW cm~? 42 2.8 
Orange background + intense 
blue (A < 490 nm) 100 2.7 
Increase in orange light to 
7.2 mW cm”? + intense blue 
(A < 490 nm) 100 2.7 





Cells were incubated in a salt medium with NaCl mainly substituted by 
KCI”. The slide was kept at 37°C using a Reichert Biotherm micro- 
scopic thermostat. Blue light with A <490 nm (bottom two lines) was 
saturating for phototaxis. 


monitored using a Clark electrode, was completely inhibited by 
5 mM CN’, and light-driven ATP synthesis measured using 
firefly luciferase was found to be depressed by 90% in cells 
preincubated for 30 min with 0.1 mM DCCD (data not shown). 
In control cells lacking inhibitors a significant taxis response was 
observed only on a strong decrease in light. We found that the 
smaller the changes in light intensity, the greater the difference 
in phototaxis sensitivity between cells in the presence and 
absence of inhibitors, respectively (Fig. 2a). Control celis 
showed only a slight response to a twofold decrease in light 
intensity, while in the presence of inhibitors (closed circles) they 
responded with an 80% taxis effect. 

These data indicate that phototaxis sensitivity strongly 
increases in conditions in which a sudden decrease in ilumina- 
tion produces a significant change in the energy level. However, 
the overall phototaxis could result from the mutual action of a 
protometer anda truly specific bacteriorhodopsin light receptor. 
A given decrease in light intensity would cause a given drop in 
the A H*'level in cells with inhibitors. A stronger decrease in 
illumination would result in the same decrease in Ag H” in the 
control bacteria. As the decrease in AZ H” is the same in both 
cases, although the changes in light intensity differ, an equal 
phototaxis response would rule out a specific photoreceptor 
mechanism. If the phototaxis activity were higher in the strongly 
illuminated sample, that is, in that lacking inhibitors, this would 
suggest a specific light-sensing process. 





100 


°” Taxis 





Velocity decrease (s~!) 


6 i 
% Green light decrease Velocity decrease {us ') 
Fig. 2 a, The correlation between taxis activity and changes in 
„motility rate with decreases in illumination. Conditions essentially 
as described for Fig. 1 legend. Initial intensity of the green light 
(500-650 nm) was 9 mW cm”, Reversals were recorded after the 
insertion of various neutral filters for 5 s: O, control; @, 0.1 mM 
DCCD+5 mM KCN. b, Motility rate was recorded by means of an 
ocular scale and a stopwatch before and after insertion of the same 
neutral filters as were used ina. The ordinate i is the difference 
between control motility rate (2.4 p s”*) and ‘motility rate after a 
decrease in light: O, control; @; 0.1 mM DCCD+5 mM KCN. x, 
Plot combining the data from experiments a and b. 


As bacterial motility was found to be directly supported by 
AH” (refs 17-20) and its rate to be positively correlated with. 
the magnitude of Ag H”; we used motility rate as a probe for 
AAH”. Figure 2 shows results of an experiment in which both 
motility rate and taxis were studied as a function of light 
intensity. When the phototactic response was plotted against the 
decrease in swimming velocity (Fig. 2c), the experimental points 
obtained both with control cells and those with inhibitors all lay 
on the same curve. This means that differences in light intensity 
changes per se are non-essential and that phototaxis is governed 
by changes in the energy level, presumably by Ag H”. 

It seems to be important to correlate phototactic response 
with the absolute values of changes in AGH", although it is 
technically difficult to measure AGH” both rapidly and quan- 
titatively in H, halobium in given conditions. Experiments on 
this are being done. 

One may think that ATP, not AGH’, is the principal effector 
in phototaxis. The possible existence of a specific ATP receptor 
in enterobacteria has been discussed elsewhere’. However, this 
is not the case in H. halobium, as the addition of DCCD 
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Fig. 3 The effect of inhibiting respiration and ATPase on the 

avoidance of blue light. Conditions were essentially as described in 

Fig. 1 legend. The intensity of the green background (500-580 nm) 

illumination was 36 mWem™. Blue light stimuli (A <400 nm, 

1.4x 107? mW cm?) were applied through an incident light 

illuminator of the Univar microscope equipped with a 200-W 
mercury arc. 


increased, rather than inhibited, the sensitivity of the photctaxis 
system. 

The approach used in studying positive phototaxis was 
applied to test the negative phototaxis system. Blue light is 
known to affect the bacteriorhodopsin photocycle and thus to 
decrease A@H* (ref. 21). Wagner et al.”* found that UV light 
(360 nm) partially inhibited K* uptake by H. halobium cells. 
They speculated that the behavioural response to blue light 
might be due to a decrease in membrane potential” . However, 
the inhibiting action of blue light, with a maximum at 412 nm, 
cannot be solely responsible for negative Phototaxis, which has 
two main maxima, at 280 and 370 mm’. Dencher* and Hilde- 
brand® suggested that the blue light acts by decreasing the 
membrane potential, opening an ion channel associated with the 
pigment P49. If the repelling action of blue light were indeed 
due to a decrease in AGH”, one would expect the sensitivity of 
phototaxis to depend on the activity of the cellular proton pumps 
and it should thus be increased by CN” and DCCD. 

Pulses of blue light with durations varying from 0.5 to 5s were 
applied to cell suspensions with and without CN” and DCCD 
(Fig. 3). Avoidance of blue light did not show a dependence on 
the ability of the stimulus to change the energy level. To test 
further the possible dependence of negative phototaxis on 
changes in Afi H*, a simultaneous stimulation by blue and green 
light was used; effects were shown to sum up algebraically’, Cells 
were partially de-energized by preincubation i in dim light, AS the 
K* gradient may support the energization? and motility” in H. 
halobium cells for a prolonged period of time, bacteria were 
incubated in a medium with a high KCI concentration. After 
incubation for 2 min the motility rate decreased from 2.7 to 
1.5 u s~ and could be brought to the initial level by illuminating 
the suspension with intense light for 10 s (Table1). A mixture of 
blue and orange light elicited a reversal of 42% of H. halobium 
cells in 3s. This reversal was accompanied by a significant 
increase in the motility rate, indicating that the repellent 
response of the cells to blue light is not due to a decrease in 
AH". Increase in blue light alone produced 73% reversal of 
cells, which indicates that the effect of mixed light was a sum- 
mation of an attractant (orange) and repellent (blue). Blue light 
alone had no effect on motility rate. The increase in motility rate 
was the same whether the intensity of orange light was increased 
alone or in combination with blue. If a high intensity blue light 
was used, the rate of reversals became independent of a simul- 
taneous increase in orange light. The data shown in Table 1 
clearly demonstrate that negative phototaxis does not result 
from changes in Ag H”. 
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The differences in the mechanisms of positive and negative 
phototaxis in H. halobium, that is, an indirect sensing of green 
light by means of a protometer and a direct sensing of blue light 
by a specified photoreceptor, would explain the striking 
differences in light sensitivity. Blue and UV light evoke a 
response at 1/10 and 1/500 the intensity of green light’. This 
difference seems to be natural if we consider that the more 
sensitive system operates as a specialized photoreceptor. 
Received 2 February; accepted 11 May 1981. 
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The physical properties of the mucus secreted by the uterine 
cervix of primates and other animals undergo periodic changes 
which are important in the regulation of fertility. During the 
luteal phase of the sexual cycle, cervical mucus is thick, rabbery 
and impenetrable by spermatozoa; by the time of ovulation, it is 
a watery gel easily penetrated by spermatozoa. Although these 
changes in the rheological properties of mucus have been attri- 
buted to variations in the covalent cross-linking between long 
chains of glycoproteins, the main macromolecular constituent of 
cervical mucus’”, recent studies” suggest that the macromole- 
cular matrix of cervical mucus is probably not covalently cross- 
linked. Rather it is an entangled random network of long 
mucins’, in which case the observed changes in the physical 
properties of mucus would be explained by varying degrees of 
hydration, the mechanism of which is not understood’, We now 
describe experiments which show that the hydration of cervical 
mucus may be controlled by a Donnan equilibrium process. 
Polyionic gels can behave as a semi-permeable membrane and 
become hydrated following a Donnan equilibrium’. As mucins 
are polyionic species, mucus hydration could also follow a 
Donnan equilibrium’ in which the glycoproteins may function 
both as structural components of a stable continuous network, 
analogous to a semi-permeable membrane (which prevents the 
movement of polyions), and as the entrapped polyionic species 
that generate the osmotic drive. A typical feature of Donnan 
equilibria is the dependence of the movement of water on the 
ionic concentration and pH of the solvent. As the transport of 
ions in mucus secretory epithelia is known to be physiologically 
regulated’, it seems reasonable to propose that if mucus swelling 
follows a Donnan equilibrium, mucus hydration could be phy- 
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Fig.1 Relationship between relative (%) swelling of cow cervical 
mucus at pH.7 and NaCl concentration in the swelling medium for 
three different samples of luteal (open symbols) and three samples 
_of oestrous mucus (solid symbols), The inset is a diagram of the 
swelling chamber. Exchange of H,O, ions and low molecular 
weight species is established across the Nucleopore filter 
membrane (A), which is sandwiched between two washers made of 
stainless steel fine wire mesh (B). See text for more detailed 
description. 


siologically regulated by movement of water and electrolytes 
(including H*) across the epithelia. 

Six samples each of luteal and oestrous fresh cow cervical 
mucus were obtained from the Animal Research Facility of 
Carnation Farms in Washington. The stages of the oestrous 
cycle were determined by rectal palpation. Mucus swelling was 
measured as the relative volume expansion of mucus, using an 
osmometer-like swelling chamber (Fig. 1 inset). In this chamber 
0.1 ml of mucus sits on a diaphragm of Nucleopore filter (0.8 ym 
pore size) at the bottom of a small cylindrical container. The 
upper portion of the cylindrical container, above the mucus, is 
filled with silicone oil, forming a single fluid column that ends in 
a capillary tube (10 cm long and 16.7 ul volume). The water 
transfer between the mucus and the swelling solution is 
established across the filter and the volume expansion of the 
mucus is measured by the displacement of the oil meniscus in the 
capillary tube. In these experiments, the bottom of the mucus 
container was immersed in 50 ml of swelling medium which was 
continuously agitated at room temperature, Swelling medium 
was a water salt solution containing 2, 20 or 200 mM NaCl at 
neutral pH, or 150 mM NaCl at pH 8.0,,7.6, 6.99 or 6.46. The 
pH was adjusted with a phosphate buffer by changing the ratio of 
monobasic to dibasic sodium phosphate, but keeping the total 
phosphate concentration constant at $ mM. 

Figure 2b shows the typical time course of swelling of oestrous 
and luteal mucus in a swelling solution containing 150 mM NaCl 
at pH 6.46. Note that oestrous mucus demonstrates a very small 
amount of swelling whereas luteal mucus allows a 13% swelling 
at equilibrium in ~200 min. Figures 1 and 2 show the relation- 
ship between swelling at final equilibrium and salt concen- 
tration, and swelling and pH, respectively, in both oestrous and 
luteal mucus. Whereas oestrous mucus does not undergo swel- 
ling, luteal mucus demonstrates significant and irreversible 
swelling inversely proportional to the log [NaCl] in the swelling 
medium, and at constant salt concentration (150 mM NaCl), 
linearly proportional to the pH of the swelling solution. 
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A unique feature of tHe Donnan equilibrium is the redistribu- 
tion of water and ions in the presence of a barrier that limits the 
mobility of an electrostatically charged (polyionic) molecule. In 
the most common experimental demonstration of a Donnan 
equilibrium, this barrier is a semipermeable membrane’. 
However, there are other ways of hindering the mobility of a 
polyionic molecule. For example, in polyionic gels the mobility 
of an electrostatically active polymer is limited by topological 
constraints (cross-links and/or entanglements} between long 
chains of the polymer itself®. In the particular case of the mucus, 
the topological constraints of the molecular matrix prevent the 
glycoproteins from diffusing out of the gel. Therefore, in mucus, 
glycoproteins have a dual role as the structural elements of the 
entrapping molecular network, and as the entrapped polyions 
responsible for the osmotic drive. 

The dependence of the movement of water on the concen- 
tration of ions and the pH of the solvent isa typical characteristic 
of a Donnan equilibrium and is due to the. interac 
polyionic species. The phenomenon can be easily visualized by - 
considering the glycoproteins as electrostatically: shred 





chains. Although the role of ions in water movement depends OM 





their colligative effects, pH affects water movement by char ging : 
the total electrostatic charge of the entire chain in a way that is 
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dependent on the ionization constant of dissociable groups in 
the glycoproteins. The dominant dissociable groups in mucus 
glycoproteins are axial sialic acidic groups in the oligosaccharide 
side chains of the molecule". Therefore, the decrease in mucus 
hydration with increasing pH and/or ionic concentration found 
in these experiments is indeed predicted by the Donnan equili- 
brium. 

The rheological properties of mucus are important in trans- 
cervical migration of sperm into the uterus as well as in muco- 
ciliary transport in the airways. Hydration of mucus is a critical 
determinant of these properties’. Mucus is discharged from the 
secretory granules of the cell as densely packed, membrane-free 
boluses” which are then hydrated in some unknown way’, The 
evidence presented here shows that luteal cow cervical mucus 
can be hydrated according to the Donnan equilibrium. Within 
this equilibrium, the changes of pH and salt concentration that 
effectively control mucus swelling in vitro are in the same range 
of physiological values reported in cervical mucus of cows and 
women. Although the actual fluctuations of NaCl in cervical 
mucus remain a controversial issue''’?, there are indications 
that the onset of mucus hydration (and ferning formation) is 
preceded by a decrease in pH which also coincides with the 
earliest increases in urinary oestrogens'*"*, 

These findings, together with our previous observations’, 
point to a new concept in understanding the physiological 
control of mucus hydration and rheological properties. They 
predict that mucus boluses consisting of densely packed 
entanglements of mucins could be swollen in the extracellular 
medium following a Donnan equilibrium process. Accordingly, 
the movement of ions (including H*), soluble proteins and water 
across the mucosa, as well as the amount of soluble proteins and 
ions within the secreted mucus, could be the variables under 
physiological control which would determine mucus hydration, 
and thereby its rheological properties. It has been shown that 
secretions of soluble proteins in the cervix‘ and uterus are 
responsive to hormonal control (M. K. Postle and R. B. Heap, 
personal communication). However, the role of the soluble 
proteins found in the mucus has not been clearly established'*"*, 
The model we propose suggests an osmotic function for the 
soluble proteins as potentially entrapped polyions and is consis- 
tent with the available evidence, that ‘unswollen’ luteal mucus 
contains high amounts of soluble proteins, while hydrated 
oestrous mucus contains small amounts’*. In the latter case, the 
mucus molecular network would be expanded allowing soluble 
proteins to undergo further dilution and escape the gel matrix. 

Although there is no direct evidence to validate the predicted 
hormonal or neurohormonal control of the movement of water, 
H* and electrolytes across the cervical mucosa, it has been 
shown that in the respiratory mucosa the movement of water, 
Na* and CI” is responsive to hormonal or neurohormonal 
stimulation’. 

The present experiments were limited to an exploration of the 
interaction of cow cervical mucus with NaCl at different pH. 
However, with only minor constraints, the concept that mucus 
hydration could be regulated by the Donnan equilibrium 
remains valid for other types of mucus and other ionic 
influences. For instance, an interesting implication of this 
concept is the potential existence of a Donnan-equilibrium- 
coupled system to delay enzymatic catalysis. Indeed, the appli- 
cation of synthetic polymer gels to entrap enzymes (including 
proteases) is well known in engineering” and is beginning to find 
wide industrial application. 

Another significant prediction of the proposed model regards 
the pathophysiology of cystic fibrosis, where mucus would be 
permanently unswollen probably due to deficiencies in the 
control of the swelling medium and/or the polyionic composi- 
tion of the secreted mucus. Although there is no direct evidence 
for defective trans-epithelial movement of water and ions in 
cystic fibrosis, it has been shown that NaCl is markedly increased 
in exocrine sweat, and that calcium transport seems to be 
decreased in red cells and fibroblasts and increased in exocrine 
secretions in these patients ™??, 
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The fate of inner cell mass and 
trophectoderm nuclei 
transplanted to fertilized mouse eggs 
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When nuclei from 12-18-cell mouse embryos have been 
injected into fertilized mouse eggs’*, donor and host 
chromosomes in those eggs that survived the operation 
combined to form a single tetraploid nucleus. Some of the 
resulting embryos developed into morphologically normal blas- 
tocysts. At the 8-cell stage, mouse blastomeres are still 
totipotent’ and are indistinguishable from one another. By the 
blastocyst stage, inner cell mass and trophectoderm have 
separated into distinct cell lineages that differ in morphology, 
physiology‘ and biochemistry’, The fetus develops entirely from 
inner cell mass while the trophectoderm contributes only to 
placenta and fetal membranes; it is unclear when this is deter- 
mined. Aggregation experiments suggest that some blastomeres 
are still labile at the late morula/early blastocyst stage’. If this 
was the case at least some of the donor cells used in my previous 
nuclear transfers might have been still totipotent. However I 
report here that nuclei from trophoblast and inner cell mass are 
different from one another, as judged by the developmental fate 
of fertilized mouse eggs to which they are transplanted. 
Fertilized one-cell eggs were obtained from spontaneously 
ovulating CR and Q females mated with syngeneic males, Eggs 
were collected between 10.00 and 12.00 h on the day of mating. 
Donor cells were from 3.5-4-day old CR, Q and MF1 blasto- 
cysts from which the zona pellucida had been removed by 
pronase. The mural trophectoderm was dissected from the 
blastocysts microsurgically®; inner cell mass tissue was obtained 
by either microsurgery or immunosurgery’. The severed mural 
trophectoderm and inner cell mass tissues were placed for 
~30-40 min in Ca®*- and Mg”*-free phosphate-buffered saline 
(a 0.02% solution of EDTA was occasionally also used) and 
pipetted using a narrow pipette. Single cells taken from the 
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trophectoderm or inner cell mass were drawn into a fine glasa 
micropipette to disrupt the cell membrane; the nucleus and the 
associated cytoplasm were then injected into fertilized eggs at 
the early pronuclear stage’?, Before and during the operation 
the host eggs were kept in medium 16 (ref. 1 0) $ containing 
10 g mI’ cytochalasin B to facilitate microsurgery ™??. The eggs 
which survived the operation were cultured in medium 16 for 
48-90 h and most of the resulting embryos were examined in 
air-dried preparations”. 

Trophectoderm and inner cell mass nuclei looked intact and 
were similar in appearance at the time of injection, and there- 
fore there was no reason to believe that trophectoderm nuclei 
suffered more damage than inner cell mass nuclei during re- 
covery; the proportion of eggs degenerating immediately after 
injection was similar after transplanting either type of nucleus. 
However, Table 1 shows that the fate of the two classes of eggs 
was different. Eggs that had received inner cell mass nuclei 
developed similarly to those injected with morula cell nuclei’. 
Of the 16 that were cleaved, eight developed to the late morula 
and blastocyst stage, and appeared normal. In six embryos (one 
blastocyst, two morulae, one 4-cell and two 6-cell embryos), 
tetraploid metaphase plates were found. This shows that nuclei 
originating from these two types of cells (that is, morula and 
inner cell mass nuclei) can contribute their chromosomes to 
those of an egg, thus both sets can form a common metaphase 
plate. The embryo carrying such a tetraploid hybrid nucleus can 
develop at least to the blastocyst stage. Thus, although the 
degree of activity of the transferred genome is unknown, one 
may suppose that the nuclei of such cells do not change irrever- 
sibly (if they do so at all) during preimplantation development 
and their redifferentiation is possible in the egg cytoplasm. In 
contrast, when the donor nuclei were trophectodermal in origin, 


donor and host chromosomes still integrated into a single | 


nucleus but development was arrested after two to three 
cleavages, and no late morulae or blastocysts were formed. 

The failure of trophectodermal nuclei to support normal 
SLAVA agrees with the recent findings of Ilmensee and 

. Mouse eggs enucleated after fertilization and injected 
a finer cell mass nuclei developed not only into normal 
blastocysts but, after transfer to pseudo-pregnant foster 
mothers, into normal fertile mice. In contrast, eggs which 
received trophectoderm nuclei never developed beyond the first 
few cleavage divisions. 

One of the characteristics of mural trophectoderm (that is, 
that part of trophectoderm not overlying the inner cell mass) is 
that it undergoes little or no further cell divisions after the 
blastocyst stage". DNA accumulation continues by a process of 
endoreduplication’’, resulting in trophoblast giant cells with 
large nuclei that may contain several hundred times the haploid 
DNA content. To determine whether endoreduplication occur- 
red after injection of trophectoderm nuclei into fertilized eggs, 
the embryos arrested in cleavage (see Table 1) were fixed, 
air-dried and stained with Feulgen, together with a control series 
of embryos recovered from the uterus 6n the fourth day of 
gestation; DNA determinations were then carried out on the 
nuclei of experimental and control embryos by micro- 
densitometry. There was no evidence of endoreduplication 


Table 1 In vitro development of fertilized mouse eggs injected with 
inner cell mass or trophectoderm nuclei 


No. of Stage after 48-90 h 
No. of eggs in culture 
Origin of eggs surviving 1 24 58 
donor cells injected (%) cell cell cell M B 
Inner cell mass 142 21 (147) 5 3 § 53 
Trophectoderm 167 18(10.7) 5 7 6 00 
12-18-cell 


15(9.0) 5 2 0 3 °5 
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Table 2 DNA content of the nuclei in mouse embryos arrested in 
cleavage after injection of a trophectoderm nucleus into the fertilized 
egg 





N> of nucisi with 
No. of Meancell INA content of 


Group embryos number 2C 4C 4-8C 8C Total 
Trophectoderm 

nuclear transfer 4 6.5 1 10 6 9 26 
Control 7 32.7 60 62 0 2 124 





Embryos were fixed and air-dried; a cut su-face of the mouse liver was 
pressed on to the end of the slide, and then Feulgen-stained. DNA 
determinations were made using an M85 Vickers Integrating micro- 
densitometer. Liver nuclei gave discrete peaks for 2C, 4C, 8C, 16C, and 
32C DNA values, where C is the haploid DNA content; embryo nuclei 
were assessed against these standards. In th= experimental series, cach 
nucleus was measured three to four times; the readings obtained were 
very consistent. In the control series, where cell number was greater, 
some nuclei overlapped and were therefore not measured. 


(Table 2): the DNA contents of the nuclei were in the 4-8 C 
(where C is the haploid DNA content) -ange expected in tetra- 
ploid cells arrested in the G, or G3 stage of the cell cycle, 
respectively, while the diploid controle were almost all in the 
2-4 C range. 

Although the transplanted trophectoderm nuclei did not 
undergo endoreduplication as they would during normal 
development, the observation that cleavage in this series was 
arrested after two or three cell divisions suggests that these 
nuclei not only have a restricted potential for further division 
themselves, but that, following their own programme, they may 
impose it on the host cell and block its divisions as well. 
Alternatively, some factor in the trophectoderm cytoplasm, 
which in this technique is injected intc the fertilized egg along 
with the donor nucleus, may inhibit fur-her development. Also, 
the lack, of endoreduplication in such embryos might be the 
result of the influence of egg cytoplasm. Thus it is likely that the 
behaviour of trophectoderm transplants is the result of compli- 
cated interactions between host and donor nuclei and cyto- 
plasm. 

In Amphibia, nuclei even from differentiated cells have, after 
transplantation to enucleated eggs, been able to support 
development up to the late tadpole stage, which consists of a 
wide variety of differentiated tissues’®. The present observation 
does not necessarily indicate any difference between Amphibia 
and mammals. Trophectoderm is a highly specialized tissue, 
with a limited lifespan’’ and no share in forming the embryo 
itself. It may be that nuclei from tissues differentiated within the 
embryo will prove better able to participate in normal 
development. 

I thank Dr Peter Barlow for allowing the use of his micro- 
densitometer, and Drs Mia Buebr and Anne McLaren for 
Feulgen staining and ploidy determinacions, respectively. I also 
thank Dr McLaren for helpful suggestions in preparation of the 
manuscript, and EMBO for a Fellowship and the MRC Mam- 
malian Development Unit for laboratcry facilities. 
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Ganglion cells have to cover the retina with their dendritic fields 
so that every point of the visual space is ‘seen’ by at least one 
ganglion cell of each physiological type. Using neurofibrillar 
methods it has now become possible to stain all the a-ganglion 
cells so that their dendritic network can be analysed’. Both 
subpopulations of «-cells, corresponding physiologically to ON- 
brisk-transient cells** and OFF-brisk-transient cells, achieve a 
uniform and independent coverage of the retina. The cell bodies 
are arrayed in a regular mosaic™” and the dendritic fields adapt 
to the available space. It is suggested that during development 
interaction between neighbouring ganglion cells of the same 
functional type regulates their dendritic field sizes. 

There are more or less economical ways in which nerve cells 
can overlay a planar surface with their dendrites, given the 
requirement that every point should be covered by at least one 
dendritic field. For cells arrayed in a hexagonal or square lattice 
with spacing ‘a’, circular dendritic fields of radius a/ V3 or af v2 
would provide at least onefold coverage (Fig. 1). Were the cells 
distributed at random, onefold coverage could be achieved 
either by rather large dendritic fields of uniform size or by 
interaction between neighbouring cells, where adjustment of the 
dendritic field size to the local intercellular separation would 
give rise to a broad and irregular range of dendritic fields. 
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Fig. 1 a, Square lattice of cell bodies. The smallest circular 
dendritic fields, which would provide a onefold coverage, have a 
radius of a/V2. In the hatched area the dendrites of two cells 
overlap. b, Hexagonal array of cell bodies. In this instance at least 
onefold coverage is ensured by dendritic fields of radius a/ v3. 


Ganglion cells of the retina are a good model system for study 
of the organization of such a sheet of neurones because their cell 
bodies and their dendritic fields approximate to a single plane. In 
the cat retina several different morphological’ and physiological 
classes” of ganglion cells have been defined. With neurofibrillar 
staining methods all a-ganglion cells were stained to their whole 
extent, that is, cell body and dendritic tree’. It was shown that for 
all OFF-centre cells the dendritic branches lie close to the inner 
nuclear layer, whereas for ON-centre cells the branching plane 
is ~10 pm closer to the ganglion cell layer'’. This then consti- 
tutes a functionally homogeneous population of neurones which 
is accessible to quantitative investigation. 

Figure 2a isolates the ON-population of a-cells and shows the 
field homogeneously covered by the dendrites. That the cell 
bodies are distributed nonrandomly was shown by analysis of 
their nearest-neighbour distribution, which is gaussian'®. The 
degree of dendritic overlap is rather small; an area centred on 








Fig. 2 a, The population of ON-a-ganglion 
cells taken from an area 1.7%1.2mm of a 
Bodian-stained cat retinal whole mount 
(eccentricity 4mm). 6, Same field as in a, but 
only the OFF-a-ganglion cells are shown. c, 
Solid curves are the contours of the dendritic 
fields of the ON-a-cells shown in a and the dots 
indicate the cell body locations. The dotted 
polygons are Dirichlet domains, which were 
constructed for each cell body as described in 
the text. d, Same diagram as in ¢ but for the 
OFF-a-cells. ¢, Coverage of the retina with 
hypothetical circular dendritic fields based on 
the mosaic of ON-a-cells; the black areas are 
not covered. f, Every ON-a-cell dendritic field 








is substituted by its right—left mirror image with 
the cell body unchanged. 
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the cell body of each neurone is not covered by the dendrites of 
neighbours. OFF-cells show the same arrangement (Fig. 2b). 
Dendritic fields were defined by connecting the outermost 
dendritic tips of every cell by a smooth closed curve (Fig. 2c, d). 
The dendritic fields are irregular. In some cases there is an 
apparent correlation between the dendritic tree of a cell and the 
space not occupied by neighbours. 

The concept of Dirichlet domains’°, which cover the area by 
contiguous convex polygons, is introduced in Fig. 2c and d for 
comparison. Around every cell body a circle of 500 ym diameter 
was constructed and the intersecting lines of neighbouring 
circles were drawn. Dirichlet domains subdivide the area into 
small territories, one for each cell, with the property that every 
point in a given territory is closer to its own cell body than to any 
other. Thus, a dendritic growth model in which the dendrites 
grow out of the cell bodies at the same time and rate and stop 
growing when they touch dendrites of neighbouring ceils can be 
described in terms of Dirichlet domains, although they do not 
account for overlapping dendritic trees. The Dirichlet domains 
are a rather good approximation to the dendritic fields. Basic 
features, such asthe orientation of the long axis, nearly always 
agree as between the dendritic field and its Dirichlet domain. 
This implies that there might be some mechanism of mutual 
regulation of the dendritic growth of neighbouring ganglion cells 
of the same type. 

Another test for the correlation between the dendritic field 
dimensions and the available space is shown in Fig. 2e. Circular 
fields of the average dendritic field diameter (399 um) were 
constructed around each ON-cell perikaryon. Such uniform 
domains leave gaps and the coverage is consequently incomplete 
and not very homogeneous (Fig. 2e). When, with the cell body in 
its original position, every dendritic field is replaced by its mirror 
image, the coverage is again very inhomogeneous, uncovered 
gaps are found next to areas where the dendritic fields of several 
ganglion cells overlap (Fig. 2f). 

We infer from these observations that some kind of local 
regulation which defines the shape and size of the dendritic fields 
must prevail during development. This process must be highly 
specific because ON-centre cells influence neighbouring ON- 
centre cells but not OFF-centre cells and vice versa. The same 
mechanism could regulate the increase of the average dendritic 
field size with distance from the central area and so balance the 
decreasing a-cell density. A similarly specific process must be 
active at the cell body level to regulate nearest-neighbour 
distances’. 

Every point in the field represented by Fig. 2c is covered by an 
average of 1.4 ON-a-cells (average dendritic field area x 
density). For cells arrayed in a square lattice with circular 
dendritic fields, the geometrical constraints shown in Fig. la 
lead to an average coverage of 1.57 to ensure at least a onefold 
coverage everywhere. Arrangement of the ganglion cells in a 
hexagonal lattice would require an average coverage of 1.21. 
This shows that although the ganglion cells are in fact distributed 
less precisely than in a perfect lattice, their dendritic trees cover 
the given field of Fig. 2a more economically than in a square 
array and close to the theoretical limit possible in a hexagonal 
lattice. 

The size and shape of an a-cell’s receptive field centre, 
although slightly larger, closely corresponds to its dendritic 
field’. Therefore, these morphological results imply a complete 
and economical coverage of either functional subclass. Two- 
dimensional sheets of neurones are not only found in the retina; 
arrangement in layers is common in many parts of the central 
nervous system. The multilamellar structure of the cerebral 
cortex is an example and it would be interesting to see whether 
identical functional units there exhibit the same kinds of ter- 
ritorial attributes and regular intercell spacings. 
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Androgen increases formation 
of behaviourally 
effective oestrogen in dove brain 
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Oestradiol-178 (Ez) formed from testosterone in the brain is 
thought to be involved in the hormonal control of male sexual 
behaviour in some mammal species’~*. In the male dove, Sirep- 
topelia risoria, the aromatase system in the preoptic area (POA) 
is very active in converting testosterone to E, (ref. 4), This 
oestrogenic metabolite has specific effects on male nest-orien- 
tated courtship patterns, which are mediated by an oestrogene 
sensitive system in the preoptic-anterior hypothalamic area of 
the b . The preoptic aromatase system is likely to be 
important in the regulation of androgen action on male courte 
ship behaviour, as no circulating oestrogen can be detected in 
the blood plasma of the male. We report here that the level of 
aromatase activity in the POA depends on androgenic stimula- 
tion. Conversion of testosterone to E, is markedly increased in 
castrated males injected intramuscularly (i.m.) with testos- 
terone propionate (TP). Increased aromatase activity seems to 
be due to induction of the enzyme and is specific to the POA 
These findings indicate that the formation of behaviourally 
effective oestrogen in a specific brain target area is under 
hormonal control and suggest a role for this regulatory 
mechanism in the integration of courtship behaviour in the male 
dove. 

The brain system underlying nest-scliciting display in the 
male dove can be activated in short-term castrates by either 
testosterone or E, (ref. 7). However. while E, effectively 
restores nest-soliciting to pre-castration levels in long-term 
castrates, testosterone is virtually ineffective’, suggesting that 
capacity for aromatization declines with long-term androgen 
deficit. Prolonged treatment with TP increases nest-soliciting 
display to some extent in long-term castrates, suggesting that 
aromatase activity might increase dwe to the action of 
androgen*. Here we examine the possibility that androgen 
influences the preoptic aromatase system: to increase the forma- 
tion of E}. 

In experiment 1, aromatization of testosterone was measured 
using a previously described microassay”. Two groups of birds 
(n = 8 for each group) were castrated and 30 days later they were 
injected on 12 successive days either with androgen or avian 
saline according to previously described procedures”. The dose 
of androgen (300 wg TP in 0.3 ml avian saline) used is known to 
induce nest-soliciting behaviour in 30-day castrates’, Males 
were tested daily for courtship’ and nest-soliciting behaviour 
was restored to pre-castration levels in the TP-treated group. 
Two brain areas were examined, the POA and a non-androgen 
target area, the area basalis (AB). Aromatase activity in the 
TP-treated group was increased about threefold as compared to 
control levels (Fig. 1a). This difference was highly significant 
(P<0.001, Student’s t-test), Aromatase activity was not 
affected in the AB, which is immediately adjacent to the POA 
but is not an androgen target area and shows much lower rates of 
testosterone conversion’. 

To determine whether the effect of TP on aromatase activity is 
dose-dependent, a lower dose (30 ugper day) and shorter 
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Fig. 1 a, Experiment 1: aromatase activity was markedly 
increased (P< 0.001, Student’s test) in the POA of short-term 
castrates injected i,m, for 12 days with 300 pg per day of TP (solid 
bars) compared with saline-injected controls (open bars). Aroma- 
tase activity in the area basalis (AB) was not affected. b, Experi- 
ment 2: treatment with a lower dose of TP (30 ug per day) for 4 
days (cross-hatched bars) was more effective than a single 30 ug 
injection (open bars) in increasing aromatase activity in the POA, 
It had no effect on either AB or the anterior hypothalamus (AHA); 
n=4 in each group, Aromatase activity was measured in homo- 
genates obtained from individual brain samples incubated at 40 °C, 
pH 7.4 for 15 min with 10M [la, 2a(n)—°H] testosterone 
(specific activity 53 Cimmol™', Radiochemical Centre, Amer- 
sham) and 1 mg ml”' NADPH; (Sigma, type HI), Conversion rates 
were linear with respect to time and amount of brain tissue used for 
the incubation*. Inset: parasagittal view of the brain showing 
coronal sections 2, 3 and 4 from which samples AB, POA and 
AHA (stippled areas) were obtained. See ref. 18 for further details 
and nomenclature. 


periods of treatment were used in experiment 2. In addition to 
AB and POA the anterior hypothalamus (AHA) was examined. 
This area is androgen-sensitive, but does not seem to concen- 
trate E, to the same extent as the POA’. Aromatase activity was 
higher in the POA after 4 days of treatment than after a single 
injection (Fig. 1b), although the increase was not as great as that 
induced by the higher dose (expt 1). Again, this effect seems to 
be specific to the POA, no change being detectable in AB or 
AHA. The results of these experiments show that conversion 
of testosterone to E, is stimulated specifically in the POA of 
castrated male doves by systemic TP treatment. This effect is 
related to dose and duration of treatment. 

In experiment 3, aromatase activity was measured in TP- 
treated (300 ug per day for 6 successive days) and untreated 
long-term castrates (n =4 for each group) using increasing 
concentrations of the substrate (testosterone) to determine the 
kinetic properties of the enzyme. Figure 2 shows that the 
observed increase in activity is probably due to induction of the 
enzyme: the maximal velocity Vina, was markedly increased 
(~fivefold: 250 fmol h”' per mg tissue as opposed to 48 fmol h’ 
per mg tissue) in the POA of castrates after six daily injections, 
but the Michaelis constant (Kn) was not significantly altered 
(2.1 108 M in controls as opposed to 2.7 107° M after TP 
treatment). Moreover, K,, in the AB was similar in either 
treated or untreated birds (2.1x10°°M and 2.2x10°°M, 
respectively), indicating that the same enzyme is present in both 
areas, although its tissue concentration is much higher in the 
POA. 

These results indicate that the aromatase complex found in 
the dove brain has a high affinity for its natural substrate, 
testosterone and that it can be specifically induced in the POA 
by androgenic stimulation. An earlier study has suggested that 





aromatase activity in the rabbit CNS may be influenced by 
hormonal condition. However, unlike our findings in the dove, 
aromatase activity was increased nonspecifically both by castra- 
tion and systemic E, administration to intact male rabbits; 
testosterone had the said effect, but only when administered to 
intact females. The effect was not localized to a specific area of 
the brain known to be involved in mediating hormone action on 
a well-defined biological response, and there was no evidence 
for induction of the enzyme. Here we have demonstrated a 
specific induction by androgen on aromatase activity in the 
POA, a target area known to be associated with oestrogen- 
dependent behavioural patterns in the male dove. At this stage, 
we cannot exclude the possibility that systemically administered 
testosterone is acting via metabolites formed peripherally or 
centrally. The enzyme could be induced by E, itself, because 
basal rates of aromatization occur in the castrate brain in the 
absence of androgenic stimulation (Fig. 1). Irrespective of 
whether testosterone or a metabolite derived from it induces the 
enzyme, the effect is likely to involve both binding of the active 
steroid to a specific ‘receptor’ and genomic activation resulting 
in de novo synthesis of the aromatase complex. 

The active steroid may, however, have an indirect action. 
Aromatase activity is stimulated in cultured brain cells'' and 
choriocarcinoma cells’? by cyclic AMP, and follicle-stimulating 
hormone (FSH) is a well-known regulator of gonadal aromatase 


a 





Vi [S] x 108 


Fig. 2 a, Rate (V) against substrate concentration [S] (nM of 
testosterone) for aromatase activity in the POA of saline-treated 
(©) or TP-treated (300 ug per day for 6 days, @) castrates. b, 
Eadie~Hofstee plot of the above data, from which the following 
values were calculated for the apparent kinetic parameters using 
unweighted linear regression. Saline-treated: K,, = 2.75 x 1078 M, 
Vinax = 250 fmol h`? per mg tissue; androgen-stimulated: Km = 
2.04 1075 M, Vmax = 48 fmol h° per mg tissue. 
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activity’*. Moreover, it has been shown recently", using Sertoli 
cell-enriched cultures obtained from immature rats, that some 
adrenergic neurotransmitter agonists, notably L-isoprenaline 
and noradrenaline, are as effective as FSH or dibutyryl cyclic 
AMP in stimulating conversion of testosterone to E, (ref. 14), 
Therefore, testosterone or its active metabolite could act by 
altering neurotransmitter levels in the POA. Further studies are 
now being carried out to elucidate the exact mechanism by 
which systemic TP treatment affects aromatase activity in the 
dove POA. 

We suggest that aromatase activity and the production of 
behaviourally effective oestrogen in the dove POA are modu- 
lated by circulating androgens. Because there is evidence for 
oestrogen-sensitive mechanisms associated with behaviour in 
the male dove, this finding is likely to be of physiological 
significance. Thus, oestrogen acting within the brain induces a 
transition from predominantly aggressive to nest-oriented 
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courtship interactions with the female’*. Plasma levels of 
testosterone reach a peak at the stage of the reproductive cycle 
when the behavioural transition normally occurs’*. Increased 
aromatase activity in the POA induced by the testosterone peak 
may therefore mediate this transition. Moreover, oestrogen 
derived from testosterone in the POA, in addition to its specific 
effects on nest-orientated courtship, may also play a part in the 
regulation of testosterone dependent brain mechanisms of 
behaviour'’. Therefore, the regulatory action exerted by 
androgen on aromatase activity in the POA is likely to have 
more than one effect on brain mechanisms invelved in the 
integration of behaviour during courtship in the male dove. 
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Normal human urine inhibits monoamine oxidase (MAO)’. 
This inhibitory activity, which is also present in rat urine, cannot 
be accounted for by a large range of known urinary constituents, 
including certain monoamines or their metabolites, but is caused 
by an unidentified low-molecular-weight compound(s). Endo- 
genous MAO inhibitors may be important as physiological 
regulators; there have been reports of a decrease in platelet 
MAO activity, conceivably deriving from their presence, in a 
variety of human disease states’. We show here that cold 
immobilization stress markedly increases the output of rat urine 
MAO inhibitor, and that this increase is attenuated by benzo- 
diazepine drugs. 

Figure 1 shows that control urine samples from unstressed rats 
produced comparatively little MAO inhibition. Cold immobil- 
ization stress increased fivefold the degree of MAO inhibition 
induced by rat urine, with no concomitant effects on urinary pH 
or creatinine concentration. Pretreatment of rats with loraze- 
pam [0.25 and 1.25 mg per kg intraperitoneally (i.p.)] gave rise 
to a Statistically significant decrease in the concentration of 
stress-induced urinary MAO inhibitor. The output of inhibitor 
at a dosage of 1.25 mg per kg lorazepam was less than that at 
0.25 mg per kg. Similarly, acute doses of chlordiazepoxide (5, 
10 and 50 mg per kg) also significantly reduced the output which 
was less at higher dosage. 

Acute administration of benzodiazepines causes sedation 
whereas, after chronic administration, tolerance develops. 
Output of inhibitor was also examined, therefore, after $ days’ 
administration of 10 and 50 mg per kg chlordiazepoxide and 
found to remain significantly less than that of the stressed group 
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Control Stress Stress + Stress + 5 days stress + 
vehicle injected  lorezepam chlordiazepoxide chlordiazepoxide 
Dose (mg perkg) 0.25 1.25 1050 pO 50 


Fig. 1 Effect of cold stress in rats, with and without various 
benzodiazepine dosage schedules, compared with control animals. 
Values are means +s.e. No. of animals is given at the base of each 
bar. *** P<0.001 compared with vehicle-injected stressed group 
(2-tailed Student's t-test). ** P<0.01, different from vehicle- 
injected stressed group (Neuman~Keul’s test). * P< 0.05, different 
from vehicle-injected stressed group (Neuman-Keul’s test). The 
data from the stressed group were subjected to analysis of variance 
and showed a significant drug effect (F = 8.76, df. 7.35); P< 
0.0001. The test system consisted of 100 pl phosphate buffer 
(100 mM, pH 7.4), 20 pl of urine, 204) MAO preparation and 
20 ul *C-tyramine, final concentration 83 pM (for assay system, 
see ref. 1). All assays were carried out blind and in duplicate. Male 
hooded rats (Olac UK) (250-350 g) were starved overnight but 
allowed water. Controls were subjected to minimal handling and 
allowed to move freely in their cages. Stress was induced by placing 
rats in a restraint cage for 2 h at 4°C. Rats were decapitated witha 
guillotine and urine removed from the bladder by direct puncture, 
The urine was frozen and stored at ~20°C before assay. Drugs 
were given by i.p. injection immediately before restraint. Chlor- 
diazepoxide hydrochloride (Roche) was dissolved in distijled water 
to various concentrations to give an injection volume of 2 mi per 
kg. Lorazepam (John Wyeth) was dissolved in a vehicle of 2% . 
benzyl alcohol, 18% polyethylene glycol and 80% -propylene 
glycol in a concentration of 4ingml™”. Itowas: then diluted with. 
distilled water to give injection volumes-of 2:mi per kg. Stressed but 
drug-free animals received equivalent vehicle or water injections. 
For the chronic experiments, injections were given once per day for 
3 5 days: - ; 
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Table 1 Effect of stress and benzcdiazepines on pH, creatinine levels 
and total bladder urine 





Total 
bladder 
Creatinine urine 
pH (mmol 17) (mg) 
Unstressed control (7) 6640.1 4641.2 199+ 30 
Stressed: 
Vehicle-injected (13) 6.5+0.1 3.440,5 154430 
. Lorazepam 6420.1 2.520.4 107+ 10 
(0.25 mg per kg) (8) 
Lorazepam 6.6+0.2 3.41.0 169+44 
(1.25 mg per kg) (5) 
Chlordiazepoxide 6.6+0.2 2,140.7 103+13 
(5 mg per kg) (5) 
Chlordiazepoxide 6.50.2 2.5+0.8 125+18 
(10 mg per kg) (8) 
Chlordiazepoxide 6.4+0,2 2.50.7 131431 
(50 mg per kg) (3) 
Chlordiazepoxide 6.8+0.2 4.9+0.8 159+18 
(10 mg per kg x 
3 days) (3) 
Chlordiazepoxide 6.6+0.2 4840.6 164435 
(50 mg per kg x 
5 days) (3) 





Numbers in parentheses indicate number of urine samples pooled. 


(Fig, 1). Given acutely, chlordiazepoxide at 10 and 50 mg per kg 
caused sedation to 58% and 6% of control levels on an activity 
scale, whereas after 5 days the levels were 89% and 51% 
respectively’. These effects do not seem to correlate with 
inhibitor output, which remained significantly reduced after 5 
days of 10mg per kg chlordiazepoxide, suggesting that the 
benzodiazepine effect was not due solely to sedation. 

Inhibitory potency was measured in a standard volume of 
urine. However, there was no significant difference in urinary 
pH, urine mass or creatinine concentration between the stressed 
and control groups, nor between stressed and drug-treated 
groups (Table 1). There was no correlation between any of these 
values and output of urinary MAO inhibitor. It therefore seems 
most unlikely that a difference in urinary flow could account for 
these findings. 

Ethyl acetate extracts of acidified pooled urine samples 
produced results similar to those produced by unextracted 
urine; the stressed group exhibited more inhibition than control, 
with intermediate values in benzadiazepine-treated groups, but 
with an approximate doubling of percentage inhibition in each 
(Table 2). This extraction behaviour points to a compound(s) of 
acidic or neutral nature and indicates that it is not a monoamine. 
The inhibitor is not generated spontaneously; activity remains 
constant when fresh rat urine is left at room temperature for 
24h. 





Table 2 MAO inhibition by ethyl acetate extracts 





% Inhibition of MAO 


Pooled Ethyl acetate 
urine extract 
Unstressed control (7) 17.4 47.1 
Stress vehicle-injected (13) 48.2 72.4 
Lorazepam (13) 29.9 63.4 
Chlordiazepoxide (12) 33.9 62.3 





Numbers in parentheses denote number of urine samples pooled. 
Controls for this experiment consisted of four Wistar and three hooded 
rats. Equal volumes of urine from each rat in the stress and acute 
drug-treated groups in Table 1 were pooled. The urinary inhibitor was 
extracted into ethyl acetate as follows: pooled urine samples were 
diluted 1 in 10 with saturated NaCl acidified to pH 0.9 with HCI. This 
was shaken with an equal volume of ethyl acetate and centrifuged to 
separate the layers. The upper layer was aspirated off, the ethyl acetate 
removed by passing nitrogen through it and the remaining solids taken 
up to the original urinary volume with 100mM phosphate buffer, 
pH 7.4. Blanks, in which water replaced urine, gave no MAO inhibition. 
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Table 3 MAO inhibition by carbolines 








Drug Structure % MAO inhibition 
107? 107* 107% 10°°M 


Ethyl B-carboline-3-carboxylate 


(FG 7098) 27.3 137 6.0 0.7 
SSCO,C;H, 
| UN 
N a 
H 
2,9-Dimethyl 1,2,3,4-tetrahydro-8 66.8 54.0 35.4 143 
carboline « 
N 
CH, 
1,2,3,4-Tetrahydro-8-carboline 45.6 211 78 0 
Sue 
N 
H 


Ethyl 3,4-dihydro-1-methyl-@-carboline- 29.4 14.2 0 0 
3-carboxylate 


I COCH, 
yon’ 


H ČH, 
3,4-Dihydro-8-carboline-3-carboxylic acid 32.4 


COOH 
Cae 


N 
H 


26.5 24.3 0.8 





The drugs were dissolved in distilled water and the pH adjusted to 7.0. 
100 ul of each concentration was used in the reaction mixture instead of 
urine, 


The differing patterns of output between the groups investi- 
gated seems unlikely to reflect any variation in dietary intake, 
for all urine samples were obtained after an 18~22-h fast. Nor is 
it likely to mirror any differences in gut flora; we have found 
previously that the excretion of urinary inhibitor is similar in 
control and germ-free rats’, 

It is possible that this urinary inhibitor derives from cate- 
cholamines or corticosteroids, the output of both of which is 
increased in this type of stress*. However, we have previously 
shown that none of the catecholamines or their major metabol- 
ites is present in human urine in sufficient concentration to 
account for its MAO inhibitory properties’. In addition, there is 
no evidence that corticosteroids or their derivatives can inhibit 
MAO. We have, therefore, speculated about its possible identity 
in terms of a third chemical system involved in stress, possibly 
related to the B-carboline group of compounds’. Barker et al. 
have recently detected three tetrahydro-8-carbolines as normal 
constituents of rat brain and have also found particularly high 
concentrations in the adrenal gland. The molecular weight of the 
urinary inhibitor is of the appropriate order of 200 and carbo- 
lines such as harmine and harmaline are very potent MAO 
inhibitors’. Braestrup et ai.® have extracted a B-carboline from 
human urine which is a high-affinity ligand for benzodiazepine 
receptors. We have, therefore, tested Braestrup’s compound 
(FG 7098) and four other structurally related compounds and 
found that they inhibit MAO in our test system only at concen- 
trations much higher than the 107° M range in which FG 7098 
was found in human urine (Table 3). However, Braestrup et al. 
indicate that the ester group of their compound was probably an 
artefact of the extraction procedure. As slight alterations in 
structure may markedly affect pharmacological properties, it 
remains possible that the MAO inhibitor or inhibitors we are 
studying are related to this compound or are endogenous 
compounds with a similar range of pharmacological actions. 
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Antidepressant drugs are generally thought to act by changing 
aminergic neurotransmission. Thus, according to the 
indoleamine hypothesis’, antidepressant drugs increase the 
amount of serotonin (5-HT) available at the receptor level by 
inhibition either of 5-HT uptake or of its degradative enzyme 
(monoamine oxidase)’. Various experimental observations 
have, however, suggested that the effects of antidepressant 
drugs may be located at the postsynaptic receptor level’. We 
report here that antidepressant drugs alter the structural con- 
formation of the postsynaptic serotoninergic receptor in synap- 
tosomal membranes isolated from rat and horse brains in such a 
way as to inactivate them. 

Serotonin postsynaptic receptors. are regulated by a 
mechanism involving several conformational states of the 
recognition site for 5-HT®, with different affinities for 5~-HT. The 
transition of the receptor protein from one state to another 
modulates the activity of the effector system, a S-HT-sensitive 
adenylate cyclase™'®. In the resting state, the recognition site 
binds 5-HT with a low affinity. Exposure to an agonist (but not to 
an antagonist) induces the structural transition of the receptor to 
an intermediate state stabilized by GTP; this state corresponds 
to the activation of the adenylate cyclase. The transition process 
ends with a final high-affinity state which can no longer activate 
the effector (desensitized state). 

Our data consist of measurements of the affinity of °H-5-HT 
for synaptic membranes pre-treated with various drugs (Fig. 1). 
Pre-exposure of the membranes to imipramine (10 nM) changed 
the affinity of the receptor for 5-HT; the affinity constant, Kp, 
was ~12 nM in the control and ~2 nM after pre-exposure to the 
antidepressant (Fig. 1). This effect is comparable with that ob- 
served after pre-exposure of the membranes to 5-HT itself (Fig. 
1). Imipramine is also effective at a lower concentration (1 nM) 
where a similar increase in affinity is observed (Fig. 2a) and in 
this case, the total number of binding sites is almost unchanged 
(<15%). The drug also produced an increase in affinity at a 
higher concentration (0.1 uM), but there was a marked reduc- 
tion in the number of sites binding *H-5-HT (40-60%). Note 
that this effect is not the result of a direct binding of the 
imipramine to the serotoninergic site as the K, (10 uM) of the 
drug (measured using imipramine concentrations which 
competitively inhibit ~H-5-HT binding) is several orders of 
magnitude greater than those which produce an increase in 
affinity. Furthermore, the presence of a competitive inhibitor 
would be expected to decrease the apparent affinity, not increase 
it as seen here. 

The affinity change induced by imipramine is not observed in 
the presence of GTP (107* M, Fig. 25). Other tricyclic antide- 
pressant drugs have also been tested with similar results (see 
Table 1). Other non-antidepressant substances tested, chlor- 
promazine (10 nM and 10 uM, Fig. 2b), antiserotonins, cinan- 
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Fig. 1 Scatchard plot of °H-5-HT binding to synaptic membranes. pre- 
exposed to various drugs. Assays were done using membranes isolated from 
rat brains. Sprague~Dawley rats were decapitated and their brains isolated 
on ice and the whole forebrain dissected, These tissues were homogenized 
and treated as described elsewhere’? to obtain enriched preparations of 
synaptosomal membranes by differential and density gradient centrifuga- 
tion. Synaptosomal membranes were preincubated at 37°C for 10. min to 
eliminate the endogenous 5-HT which could still be present and which could 
interfere with the binding of 7H-5-HT as shown previously'*"", These were. 
then diluted 10 times in Tris-HCI] buffer, 504M, pH 7.4, containing 
nialamide (100 uM} and ascorbic acid (0.1%). The membranes were then 
pre-exposed to 5-HT (10nM) at 37°C for 10 min or 15 min or to the 
substance being investigated at the indicated concentration (generally 
10 nM); controls were incubated in buffer. The samples were washed either 
by centrifugation (20,000, 10 min) and dilution in the initial volume of 
buffer, or by simple dilution (20-fold), Aliquots of these washed membranes 
were incubated at 22 °C for 8 min in the presence of various concentrations 
of 9H-5-HT (2-30 nM). Specific binding was determined as previously 
described using a rapid filtration technique. Results for membranes isolates 
from striatum or hippocampus of horse brain were not significantly different. 
In the experiment shown, rat brain membranes isolated from striatum were 
pre-exposed to buffer or 10 nM of the indicated drug and washed. After 
incubation in the presence of °H-5-HT, the Kp observed after preincubation 
in buffer, 5-HT, imipramine, chlorimipramine, cinanserin and haloperidol 
was 12.4, 1.07, 2.08, 1.56, 12.7 and 13.5 nM, respectively. 


serin, methysergide, methergoline, methiothepin (100M), 
neuroleptics, haloperidol (10 nM) and fluphenazine (10M) 
had no effect. 

Interestingly, the change in affinity induced by 5-HT is 
inhibited by methysergide (10 uM) added together with the 
amine during pre-exposure of the membranes; a similar inhibi- 
tion of the effect of imipramine is observed in the same experi- 
mental conditions. 

The change in the affinity for °H-5-HT induced by pre- 
exposure of the membranes to 5-HT itself occurs in rat brain 
synaptosomal preparations and in membranes isolated from 
striatum“ or from hippocampus. This phenomenon seems to be 
widespread for serotoninergic sites as we also observed it in 
membranes isolated from horse brain (striatum and hippocam- 
pus). As we have previously shown", these sites are located on 
postsynaptic membranes. The affinity constant observed for 
5-HT binding to membranes which had not been pre-exposed is 
~15 nM, whereas membranes pre-exposed to 5-HT and washed 
bind 5-HT with a higher affinity (Ky=1.8+0.4nM). This 
increase in affinity is induced by serotoninergic agonists and not 
by antagonists. As previously reported”"*, these affinity changes 
might correspond to structural changes of the receptor protein 
as they do not occur after pretreatment of the membranes with a 
sulphydryl group reagent. 

In experimental conditions which produce a high-affinity 
binding for 5-HT, no adenylate cyclase activation is observed, 
whereas in the presence of GTP (or GppNHp) the low-affinity 
binding is stabilized and adenylate cyclase activation occurs™?, 
These observations and other information on binding kinetics 
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Table 1 Affinity constant of *H-5-ET binding to synaptic membranes 





Pre-exposure Ky (nM) 
None 15.3% 1.26 (14) 
Serotoninergic agonists 
5-HT 1.84 0.42 (8) 
Bufotenine 3.23 
5-MeO-N,N-dimethyltryptamine 2.08 
Tricyclic antidepressants 
Imipramine 2.42 + 0,22 (6) 
Chiorimipramine 1.72 40.99 (3) 
Amitriptyline 4,240.35 (3) 
Trimeprimine 4,020.3 (3) 
Desipramine 4.9 +0.69 (3) 
Doxepin 45 
Atypical antidepressants 
Iprindole 3.94 1.02 (3) 
Mianserine 2.90.88 (3) 
Fluoxetine 2.45 +0.22 (3) 
Fenfluramine 2.1 
Serotoninergic antagonists 
Methysergide 12.43 + 0.48 (3) 
Methergoline 9.8 
Cinanserin 12.7 
Methiothepin 15.0+2.9 (3) 
Other drugs 
Chlorpromazine 14,24 + 1.98 (5) 
Fiuphenazine 10.7 + 1.9 (3) 
Haloperidol 13.5 





Affinity changes of *H-5-HT binding induced by various drugs. Membranes 
were pre-exposed to the drug being investigated (10 nM) at 37°C for 10 min, 
diluted 20-fold in Tris-HCI buffer (50 mM, pH 7.4) and incubated at 22°C for 
8 min, in the presence of various concentrations of *H-5-HT. The radioactivity 
specifically bound was determined by a rapid filtration technique. The affinity 
constants are the means + s.e. of 3-6 assays. For the drugs tested twice only, the 
valuzs observed for individual assays did not differ by >30% of the mean. 


led us to propose the regulatory mechanism summarized 
above. 

All the drugs tested which have clinical properties of antide- 
pressants, except the group of the inhibitors of monoamine 
oxidase (IMAO), are able to increase the affinity of the 5-HT 
receptor for the amine itself. Active drugs include tricyclic 
antidepressants (imipramine, chlorimipramine, amytriptyline, 
trimeprimine, desipramine) which are also inhibitors of 5-HT or 
noradrenaline (NA) uptake, other antidepressants which are 
only weak inhibitors of amine uptake (iprindol or mianserin) and 
doxepin which is considered to be a weak antidepressant. The 
changes in affinity induced by these drugs do not therefore seem 
to be related to their capacity to inhibit the uptake of 5-HT or 
NA. Furthermore, many of the drugs, are used at concentrations 
which have no effect on the monoamine uptake’’. The clinical 
properties of fluoxetine and fenfluramine as antidepressants 
have not been established. 

Note that the antidepressants of the IMAO group are 
ineffective. They are known to act on the degradative enzyme of 
5-HT, resulting in an increase in the availability of 5-HT in the 
synaptic cleft. These drugs do not increase the affinity of the 
binding site for °H-5-~HT. The assay could be performed in the 
presence or absence of 100 uM nialamide without any alteration 
to the ability of the binding site to be either in a conformational 
state corresponding to a high or a low affinity for °H-5-HT. 

Chlorpromazine, which is not considered to possess true 
antidepressant properties although it has a chemical structure 
very like that of imipramine, is unable to increase the affinity of 
the 5-HT receptor for its ligand even at concentrations up to 
107% M; haloperidol and fluphenazine, neuroleptic drugs which 
lack antidepressant properties, are also ineffective. 

Thus, this effect of the antidepressant drugs on the post- 
synaptic serotoninergic receptor seems to be specific. It does not 
occur directly at the serotoninergic site by competition with 
§-HT as the affinity constants of these drugs for the 5-HT site 
correspond generally to a rather low affinity in the range 1- 
10 pM”. Several hypotheses might be proposed to explain this 
effect. The antidepressant drugs might act by binding to a 
specific site corresponding to the existence of an endogenous 
imipramine-like ligand. In that case, the occupation of the site 
would modulate the conformation of the serotoninergic recep- 
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tors possibly through an allosteric process. Binding sites for 
*H-imipramine have already been described in synaptosomal 
membranes from rat brain’, On the other hand, these drugs 
might act by changing some physical characteristics of the 
membranes in a manner analogous to that described by Hirata 
and Axelrod’ in the close vicinity of the serotoninergic 
receptor. 

The drugs which induce the transition of the site to high 
affinity are either 5-HT agonists or antidepressants. We have 
shown that the binding of 5-HT to this conformation of the site is 
unable to activate the adenylate cyclase and therefore produces 
a desensitized state of the receptors; antidepressant drugs thus 
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Fig. 2 a, Effect of the pre-exposure of membranes to imipramine on the 
binding of °H-5-HT to its specific sites. Scatchard plot of the binding curves 
for membranes not pre-exposed to imipramine (control, ©), and pre- 
exposed to 1 nM (+) and 10 nM (@) imipramine. Experimental conditions 
were the same as for Fig. 1. The affinity constants for “H-5-HT were 11, 2.2 
and 2.04 nM for contròl, 1 and 10 nM imipramine, respectively. b, Lack of 
effect of imipramine pre-exposure on purified synaptosome membranes 
treated with GTP. The same experimental conditions were used as for Fig. 1 
except that the test membrane preparation contained GTP during pre- 
exposure to imipramine. The corresponding affinity constants were: Kp = 5, 
19.1 and 17.2 nM after pre-exposure of the membranes to buffer (control, 
©), imipramine (10 nM, @) and imipramine + GTP (10 uM, +), respectively. 
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seem to inactivate the postsynaptic 5-HT receptor. Because 
drugs which lack antidepressant properties do not have this 
capacity, we suggest that the clinical properties of tricyclic 
antidepressants are related to their capacity to desensitize the 
postsynaptic 5-HT receptor. 

The structural changes induced by tricyclic antidepressants 
might represent a critical step in the receptor modifications 
observed after long-term administration’’*'’. Our results 
support new concepts of the mechanism of action of antidepres- 
sants and indicate that the clinical properties of these drugs 
might involve an effect on the postsynaptic 5-HT receptor. 

This research was supported by CNRS grant ATP 4173. 
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lesion-induced rotational behaviour 


William J. Freed, John M. Morihisa, Eleanor Spoor, 
Barry J. Hoffer*, Lars Olsont, Ake Seigert 
& Richard Jed Wyatt 


Adult Psychiatry Branch, Division of Special Mental Health 
Research, Intramural Research Program, National Institute of 
Mental Health, Washington DC, 20032, USA 

* Department of Pharmacology, University of Colorado Health 
Sciences Center, Denver, Colorado 80262, USA 

t Department of Histology, Karolinska Institute 10401, Stockholm, 
Sweden 





Rats with unilateral lesions of substantia nigra pars compacta 
(SN), the area of the brain containing most dopamine-contain- 
ing neurones, are a widely recognized animal model of Parkin- 
son’s disease’“. When given dopamine agonists such as 
apomorphine, such rats rotate in a direction contralateral to the 
lesion, presumably because of the development of supersen- 
sitive dopamine receptors in the striatum ipsilateral to the 
lesion. When grafts of embryonic SN are placed in the lateral 
ventricle*®, or into a transplant cavity’ adjacent to the striatum 
in animals with SN lesions, this rotational behaviour has been 
shown to decrease. Histochemical examinations have shown 
that axons from the grafts have grown into the striatam* 7 and 
biochemical measurements indicate that dopamine concen- 
trations are increased in areas of the striatum adjacent to the SN 
grafts“. Nevertheless, an obvious problem with this technique, 
both for basic research and possible clinical applications, is the 
requirement for fetal central nervous donor tissue. We now 
describe how grafts of adrenal medulla can be used with similar 
effects, involving chromaffin cells. 

There are several reasons for considering the adrenal medulla 
as a potential replacement for fetal SN grafts. First, the normal 
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Fig.1 Contralateral apomorphine-induced turning after grafting, 
expressed as a percentage of turning before grafting, is shown as a 
function of time after apomorphine injections. Tò derive these 
data, the 40-min testing sessions were divided into eight’ S-min 
segments. For each of these segments, a mean pregrafting rotation 
rate was determined, and the rotation rate after grafting was 
expressed as a percentage of this pregrafting rotation rate. Trie 
angles indicate animals that received adrenal medulla grafts (n = 
13); circles indicate control animals that received sciatic nerve: 
grafts (n = 15). Vertical lines indicate s.e.m. A two-way analysis of 
variance for one repeated measure showed a significant main effect 
of treatment (adrenal versus sciatic nerve grafts [F(91,26) = 4.40; 
P = 0.043]. The main effect of measures and measures x treatment 
interactions were not significant (F(7,182) = 1,71; P= 0.109) and 
(F (7,182) = 0.81; P= 0.417, respectively]. 


adrenal medulla produces dopamine as an intermediary in the 
synthesis of adrenaline**. Second, adrenal chromaffin cells, 
which are normally rounded in shape, become angular and 
develop processes when grown as grafts in the anterior eye 
chamber’”-’? or when grown in culture in the absence of corti- 
costeriods'*’*, Finally, processes originating from intraocular 
adrenal medulla grafts can innervate intraocular grafts of cere- 
bral cortex, as demonstrated by histochemical studies", 

Unilateral SN lesions were produced** in male Sprague- 
Dawley rats by stereotaxic injections of 6-hydroxydopamine 
hydrobromide into the right SN. Approximately 2 months later , 
the animals were tested for apomorphine-induced (0.1 and 0.25 
mg per kg subcutaneously) rotational behaviour using an 
automated apparatus. The smaller of the two doses that 
produced at least 80 counterclockwise rotations in 40 min was 
used for each animal. Animals turning at less than this rate were 
not used. After the initial screening, rotational behaviour was 
re-examined for five to seven additional sessions to obtain a 
stable baseline for each rat. 

Adrenal glands were removed from young adult Sprague~ 
Dawley rats (125-200 g) and the medulla dissected free. The 
dissected medulla was then bathed in sterile lactated Ringers at 
room temperature. A cut was made in the surface of the medulla 
to enable it to be opened, and the interior was removed. This 
method was used to avoid inclusion of the adrenal cortex in the 
graft. Four to six grafts were implanted in the lateral ventricle on 
the 6-hydroxydopamine-lesioned side in each of 13 rats (age at 
least 5 months) using Pellegrino and Cushman’” coordinates of 
1.5 mm lateral and 1.5 anterior to bregma, 3.5~4.0 mm below 
the dura, as previously described. Control (n = 15) animals 
received grafts of sciatic nerve instead of adrenal medulla. 

Adrenal medulla (n = 13) or sciatic nerve (control) grafts 
(n = 15) were implanted and 2 months allowed for survival and 
growth of the graft tissue. At this time, rotational behaviour was 
examined for five 40-min sessions, and some of the animals 
killed for histochemical studies. a abn es 

When the rats were tested 2 months after transplantation, 
rotational behaviour was significantly less in the animals with 
adrenal medulla grafts than in those with sciatic nerve grafts 
(Fig. 1). Histochemical fluorescence’*”’ studies of six randomly 
selected rats showed the denervations of the caudate nucleus to 
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Fig. 2 Falck—Hillarp fluorescence microscopy of intraventricular 
adrenal medulary grafts. a, Overview of cluster of strongly 
fluorescent chromaffin cells within a graft. Some cells are elongated 
or polygonal with short coarse processes (upper left), but very few 
thin nerve fibre-like processes have formed (CA, caudate). x160. 
b, Close-up of two chromaffin cel! clusters. Three nuclei are seen in 
the lower cluster: one cell has a tapering nerve fibre-like process 
(arrow). x290. 


be essentially complete, with only a few fine terminals remaining 
in one rat. Grafts with catecholamine-containing chromaffin 
cells were found in five of the six animals. As shown in Fig. 2, 
these cells had developed polygonal shapes and were usually 
grouped in one or more small clusters within the grafts. Two 
types of fluorescent cells were found in the adrenal grafts, similar 
to the noradrenaline (very strongly fluorescent) and adrenaline 
(moderately fluorescent) cells present in normal adrenal 
medulla”'??, Some of these cells had fine elongated processes, 
but very few fibres were seen to leave the grafts and enter the 
host brains. The total numbers of chromaffin cells found in the 
grafts counted by methods previously described“, were 880, 
4,080, 66, 517 and 2,134, respectively, for the five animals. 
Adrenal cortex was also found in the graft that contained 4,080 
chromaffin cells. Rotational behaviour was not reduced in this 
animal, nor in the animal that had only 66 chromaffin cells. 

The observations suggest that adrenal medulla grafts can 
reduce lesion-induced rotational behaviour, even though there 
was no clear evidence that the grafts actually reinnervated the 
host caudate nucleus. Although the transplanted chromaffin 
cells were elongated and produced fine fibres, these fibres were 
found almost entirely within the grafts , and rarely penetrated 
into the caudate nucleus. This suggests that catecholamines or 
other substances diffused from the grafts to receptor sites in the 
caudate nucleus in sufficient quantity to reduce caudate 
dopaminergic supersensitivity and consequently, apomorphine- 
induced rotation. 

Adult adrenal medullary cells show a remarkable phenotypic 
plasticity in response to environmental changes. Thus, when 
pieces of adrenal medulla are grafted into the anterior chamber 
of the eye, chromaffin cells will migrate into the sympathetically 
denervated host iris and form catecholamine-containing nerve 
fibres that reinnervate the iris’°. Tissue culture experiments 
show that chromaffin cells of rodents and man express the 
endocrine phenotype in the presence of glucocorticoids and the 
sympathetic adrenergic neurone phenotype in the absence of 
glucocorticoids and the presence of nerve growth factor 
(NGF)'?"!53_ Thus, histochemical changes in grafted adrenal 
medullary tissue in the eye may be explained by the removal of 
the normal adrenal cortical environment and increased amounts 
of NGF in the sympathetically denervated host iris (see ref. 24). 
We have recently shown that chromaffin cells grafted into the 
eye chamber can also innervate adjacent grafts of brain tissue’. 
In this case, fine varicose fibres, typical of telencephalic 
adrenergic afferents, were found. In contrast to rat chromaffin 
cells, bovine chromaffin cells show little or no evidence of fibre 
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production when cultured or transplanted to the anterior eye 
chamber or brain”, 

Although the results reported here clearly demonstrate long- 
term survival of grafted chromaffin cells and reduction of 
apomorphine-induced rotational behaviour, there was only 
partial transformation of chromaffin cells towards the neuronal 
phenotype. Brain tissue does not seem to contain or produce any 
appreciable amount of NGF***’, Therefore, these results agree 
well with the findings from tissue culture that chromaffin cells 
will survive and produce small numbers of nerve fibres without 
NGF, but require NGF for extensive fibre formation (see refs. 
15,23). Because of the sparsity of innervation of host caudate, 
the present behavioural result s are probably best explained by a 
release of catecholamines from the grafts and subsequent 
diffusion of the amines to supersensitive dopamine receptors. 
Fluorescence microscopy demonstrated that both noradrenaline 
and adrenaline cells were present in at least some of the grafts, 
although the proportion of noradrenaline cells seemed higher in 
grafts than in normal adrenal medulla. The relative role of 
dopamine, noradrenaline and adrenaline and other possible 
neurotransmitters or peptides released by the grafts, such as 
enkephalin?*~°, remains to be determined. Experiments are 
in progress to measure the concentrations of various 
catecholamines in the graft and adjacent host brain. Conceiv- 
ably, release might also be influenced by any fibres from the host 
brain which innervate the grafted tissue, analogous to the 
normal regulation of medullary catecholamine release by chol- 
inergic afferent input. A further question would be the presence 
of all-or-none action potentials and impulse-dependent trans- 
mitter release. Action potentials have been reported in the 
NGF-transformed phaeochromocytoma line PC~12 by 
Greene”. 

Although many questions remain unanswered, the data 
reported here suggest that it may be possible to use adrenal 
medulla in place of fetal SN as a source of tissue for cate- 
cholamine-containing grafts. If further studies are successful, 
peripheral autografts could be potential replacements for 
destroyed or damaged central neurones. We are now atempting 
to produce adrenal autografts in subhuman primates and to 
develop protocols to increase fibre ingrowth from adrenal grafts 
to the caudate nucleus. 
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alloantigen and anti-TNP antibody 
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Inmmenological enhancement—the prolonged survival of 
tumour or organ allografts brought about by passive inmmuniza- 
thom of the host with alloantibody directed against the graft’s 
antigens—khas not yet been applied successfully to clinical organ 
transplantation. There are many reasons for this, among them 
the difficulty of preparing the required battery of alloantisora 
and the danger of causing hyperacute rejection of kidney allo- 
grafts. We show here that it should be possible to circumvent 
both these problems by using a xenogeneic antibody directed 
: against a well defined hapten rather than against histocom- 
patibility antigens. 

The mechanism of kabia enhancement is still a 
matter for debate’*. One hypothesis advanced to account for 
antibody-mediated suppression of specific immune responses is 
that graft antigen and anti-graft antibody combine to form 
complexes which are bound specifically by the antigen receptors 
of lymphocytes, by virtue of free antigenic determinants. In this 
way, antigen-specific cells (ARCs) of the recipient are coated 
with antibody indirectly bound to the lymphocyte membrane 
through an antigen bridge. It is postulated that these opsonized 
ARCs are subsequently destroyed by Fc-receptor-bearing host 
cells such as hages®*. The most direct evidence for the 
hypothesis of ARC opsonization (ARCO) (reviewed in ref. 4) 
comes from experiments in which syngeneic radiolabelled 
ARCs were taken up by the reticuloendothelial system when 
injected intravenously (i.v.) into rats bearing enhanced kidney 
transplants®’ or mice bearing enhanced skin allografts’®. This is 
strongly supported by experiments in which mice were 
pretreated with complexes between sheep red blood cells 
(SRBCs) and anti-SRBC antibody* or with allogeneic cells and 
alloantibody’. 

Following the ARCO hypothesis, one possible prediction is 
that the antigenic determinant in the complex bound by recep- 
tors of ARCs need not be identical with that reacting with the 
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tho antigen receptor (AgR) on the antigen- „reactivo cells (ARCs) In this way 
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Table 1 a, Enhancement of P815 (H-2*) tumour in A stram (H~2*) mice by 


anti-H-2* serum; b, onbancoment of EL-4 (H-2"} tumour m A strain mice by 





anti-H-2° serum 
Serum (J) MTA +s 6.(mm°) P 
a None 28.043.4 
10 66 448.8 <0 01 
25 840+114 <001 
50 58.647.0 <0.01 
100 40.743.0 <0 05 
b None 3472411 
12.5 69.247.7 <001 
25 87.5490 <0 001 
50 76.1+11.6 <0.01 


MTA, mean tumour ares estimated on day 7. Values are for groups of srx mice 


enhancing antibody (Fig. 1). It has indeed been shown that, to 
achieve the most efficient opsonization of ARCs, the ARC 
receptors and the, antibody should tind to different deter- 
minants in the complex’, thus avoiding blocking of the deter- 
minants required for the linkage to cell receptors. Sinclair and 
Law"! have recently shown that complexes formed between 
trinitrophenyl (TNP)-conjugated alloantigen and anti-TNP 
antibody can suppress in vitro alloimmrune responses, and that 
anti-TNP antibody enchances the in vivo growth of TNP- 
conjugated allogeneic tumour cells. We too have found that 
alloantigens coupled to TNP retain alloantigenic activity, that 
they can be specifically bound by alloreactive ARCs, and that 
ARCs which have bound TNP-alloantigen/anti-TNP antibody 
complexes are specifically diverted to the liver when injected i.v. 
into normal mice”. Our present experiments confirm that anti- 
TNP antibody enhances TNP-conjugated tumour allografts and 
we have extended these observations by showing that complexes 
between TNP-conjugated alloantigen and anti-TNP alloan- 
tibody specifically enhance the growth of unmodified tumour 
cells. 

The mice used were from inbred sains BALB/c (H-2°), 
DBA/2 (H-2%), C57BL/6 (H-2") and A/J (H~2") bred by the 
Animal Department of St Mary's Hospital Medical School, 
London. They were 6-10 weeks old at the start of each experi- 
ment. Anti-H-2° and anti-H-2° alloentisera were raised by 
injecting five doses of 2 x 10’ allogeneic (BALB/c or C57BL/6) 
spleen cells intraperitoneally ({.p.) into female A strain mice at 
2-week intervals. Anti-TNP serum was produced in female New 
Zealand White rabbits by the injection of 500 ug TNP-KLH 
(keyhole limpet haemocyanin) antigen in complete Freund's 
adjuvant on days 0 and 21, followed by i.v. booster inoculi of 
1 mg of the same antigen in saline on days 45 and 59. The rabbits 
were bled on day 70 and the freshly prepared sera were stored at 
—20°C, P815 mastocytoma and EL- leukaemia cells were 
maintained by i.p. passage in DBA/2 and C57BL/6 mice, 
respectively. Conjugation of cells with TNP™ was achieved by 
incubating splenic lymphocytes or tumour cells at a concen- 
tration of 2.5 x 10* per ml in 10 mM trinitrobenzene sulphonic 
acid (TNBS, Sigma) dissolved in phosphate-buffered saline 
(PBS), pH 7.2, at 37 °C for 10 min. The cells had been washed in 
PBS before incubation and were weshed four times after 
incubation. The cell membrane antigen was prepared by a 
modification of the technique described by Standring and 


Table 2 Enhancement of P815 tumour cells by TNP-BALB/c antigen and 





ant-TNP serum 
TNP-BALB/c 
an Ant-TNP 
(spleen cell serum MTA +126, 
oquivalents) (mi) (mm?) P 
Nono None 33.1453 
3.2x107 0.32 81.5+7.0 <0,001 
10’ 0.1 53.1+9.6 <0 05 
3.2+10° 0.032 53.149.0 NS 
1 0.01 51627.0 NS 


MTA, mean tumour aroa estimated on day 7. Values are for groups of five mice 
NS, not significant. 
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Fig. 2 a, Enhancement of TNP-conjugated tumour by anti- TNP serum. 
P815 mastocytoma cells (H-2°) were hapten-conjugated by incubation in 
10 mM TNBS (see text). 107 viable TNP-P815 cells were injected s.c, into A 
strain (H-2* ) mice and 0-50 yl rabbit anti- TNP-KLH serum was injected 
ip. Control mice received no serum. Tumour size was measured at intervals 
after inoculation and the mean tumour area (MTA) calculated as described 
in the text. b, Enhancement of tumour allografts by TNP-conjugated alloan- 
tigen and anti-TNP serum. 107 viable P815 mastocytoma cells (H-2°) were 
injected s.c. into A strain (H-2*) mice. TNP-conjugated BALB/c (H~2°) cell 
membrane antigen (see text), derived from 10°~107 cells, was injected i.v. 
and 0.1 ml rabbit anti-TNP-KLH serem was given i.p., both at the time of 
tumour inoculation. Control mice received no treatment. Tumour size was 
measured on days 7~13 and the MTA calculated. 


Williams. Thus, TNP-conjugated or unmodified spleen cells 
were pelleted, resuspended in 7% Tween 40 (Sigma) in 0.1 M 
Tris-HCI buffered saline (pH 8.0) and stirred at 0 °C for 60 min. 
The cells were then homogenized by 20 strokes of a Dounce 
glass homogenizer and the suspension was centrifuged at 2,000g 
for 15 min. The supernatant was centrifuged again, this time at 
100,000g for 45 min, and the sedimented membrane material 
was resuspended in PBS and stored in aliquots at ~80 °C. 

The experimental design was as follows. 10’ tumour cells in 
0.1 ml balanced salt solution (BSS) containing 10% fetal calf 
serum (FCS) were injected subcutaneously (s.c.) into A strain 
mice on day 0. Different doses of antigen (0-10° cell 
equivalents) and alloantiserum or anti-TNP serum (0-0.5 ml) 
were injected i.v. and i.p., respectively, within 1 h of tumour cell 
inoculation. The resulting tumcurs were measured from day 6 
onwards. The diameter (d) of the tumours was measured in two 
planes at right angles to each other and the tumour surface area 
(A) was calculated according to the formula: A = m(d; X d2)/4. 
The statistical significance of the data was assessed using 
Student’s t-test. 

A-anti-BALB/c (anti-H-2") serum enhanced the growth of 
the P815 (H~2°) tumour in A strain (H-2°) mice (Table 1a). The 
optimal effect was obtained using 25 ul per mouse; presumably, 
higher doses were cytotoxic te the grafted cells (see below). 
Similar results were obtained nemne the EL-4 (H-2°) tumour 
cells and an anti-C57BL/6 (H-2°) serum (Table 15). The 
enhanced growth was clearly strain specific in that A-anti- 
BALB/c serum did not enhance the growth of EL-4 and anti- 
C57BL/6 serum did not enhance the growth of the P815 tumour 
(results not shown). 

Similarly, TNP-antiserum enhanced the growth of TNP-con- 
jugated tumour cells (TNP-P815; Fig. 2a), thus confirming the 
work of Sinclair and Law’'. Again, 25 ul proved to be optimal 
although 10 wl were here almost as effective; 50 ul had no 


Table3 Effect of TNP-BALB/c antigen on P815 tumour growth in A strain mice 





Antigen dose 


(spleen cell equivalents) MTA +s.e. (mm?) 


None 24.6453 
10° 23.7£6.7 
107 23.842.4 
10° 29.7£6.7 
10° 23.1449 
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MTA, mean tumour area estimated on day 8. Values are for groups of six mice. 
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significant effect. TNP-P815 cells are, infact, readily lysed in 
vitro by anti-TNP serum and complement (1.V.H., unpub- 
lished), a finding that almost certainly accounts for the lack of 
success with the higher dose. 

Figure 2b shows that unmodified P815 tumour implants were 
enhanced through the use of TNP-BALB/c membrane antigen 
and anti-TNP antibody. Strain A mice were given 107 
unmodified tumour cells s.c., 0.1 ml anti-TNP serum i.p., and 
TNP-modified cell membrane antigen at 10°-10" cell 
equivalents per mouse i.v. Tumour growth was considerably 
enhanced in animals treated with TNP-conjugated membranes 
obtained from 10’ cells and with 0.1 ml antiserum, whereas 
doses representing 10° or 10° cells were less effective. When the 
dose of antigen i and antiserum was increased whilst maintaining 
the ratio of 10’ cell equivalents to 0.1 ml serum, the level of 
enhancement was correspondingly greater (Table 2). TNP- 
BALB/c cell membrane alone, at doses of 10°-10° cell 
equivalents, had no effect (Table 3). Finally,.it was shown that 
the enhanced state was strain specific. Strain A mice treated with 
TNP-BALB/c (H-2°) or TNP-C57BL/6 (H~2°) cell membrane 
antigen and anti-TNP serum were inoculated with P815 (H-2°) 
or EL-4 (H-2") tumour cells. TNP-BALB/c membrane 
enhanced P815 but not EL-4 and, conversely, TNP-C57BL/6 
membrane enhanced EL-4 but not P815 (Table 4), 

The data therefore show that anti-TNP antibody enhances the 
growth of TNP-conjugated tumour cells, thus confirming the 
finding by Sinclair and Law'’, and further, that it enhances the 





Table 4 Specificity of tumour enhancement by TNP-conjugated antigen and 
anti-TNP serum 








P815 tumour EL-4 tumour 
MTA tse. MTA £s.e. 
Treatment (mm?) P (mm?) P 
Control 16.9+2.2 34.7 £1.1 
TNP-BALB/c antigen 18.4£2.8 NS 40.3449 NS 
TNP-C57BL/6 antigen 20.2+4,0 NS 29,5+3.1 NS 
Anti-TNP serum 18.243.8 NS 33.3468 NS 
TNP-BALB/c antigen 
+ anti-TNP serum 49.54 7.1 <0.01 39.2+3.5 NS 
TNP-C57BL/6 antigen 
+anti-TNP serum 16.343.5 NS 66.8 + 3.9 <0.001 





Tumour allograft recipients were injected i.v. with cell membrane antigen 
derived from 10’ TNP-conjugated BALB/c or C57BL/6 cells with or without 
0.1 mi rabbit anti- TNP-KLH serum i.p. Mice received 10’ tumour cells s.c. MTA, 
mean tumour area estimated on day 7. Values are for groups of 7~10 mice, 


growth of an unmodified tumour allograft, the enhancement 
being specific and mediated by TNP-~alloantigen/anti-TNP 
antibody complexes. Because the mice were injected only once 
with antigen and antibody it is perhaps not surprising that 
growth of the enhanced tumours was generally not progressive. 
The proposed mechanism of this enhancement has been 
outlined above. Although it is possible that more than one 
mechanism is operative in immunological enhancement, there is 
substantial evidence for the participation of antigen-reactive cell 
opsonization by antigen-antibody complexes*. We have, 
furthermore, found that TNP-modified H-2 antigens bind 
specifically to lymphocytes activated specifically in mixed 
lymphocyte culture and that ARCs to which complexes have 
been bound are taken up promptly by the reticuloendothelial 
system when injected i.v. into normal mice’*. The experiments 
reported here establish the direct immunosuppressive action of 
such complexes in vivo. 

These findings may have special significance in two fields—in 
tumour immunology and in organ transplantation. Tumours 
often express neo-determinants that are either products of their 
own disturbed genome or of viral origin. The experiments 
making use of TNP-modified antigen provide an experimental 
model for the latter, the hapten taking the place of virally 
derived determinants. The ARCO phenomenon has already 
been illustrated in a syngeneic tumour system, using a spon- 
taneous reticulum cell sarcoma (RCS) in SJL/J mice'*'*. 
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Although the viral aetiology of the RCS is uncertain it is possible 
that antibodies against viral products were involved. 

As far as tissue and organ transplantation is concerned, 
preliminary data indicate that the survival of normal allografts, 
too, can be prolonged by the administration of TNP-modified 
donor antigen and anti-TNP antibody (I.V.H., unpublished). 
This approach may be indispensable if enhancement is to be 
attempted in clinical organ transplantation, for the preparation 
of the donor membrane antigen is quick (23-3 h) and simple, and 
only a single antiserum directed against a well defined hapten 
such as TNP would be required to enhance grafts from any 
donor. Two further advantages would be that the antiserum can 
be prepared in animals or in monoclonal cell culture, thus 
eliminating the problem of having to prepare alloantisera in 
human volunteers; and that an anti-haptenic antibody, because 
it does not combine directly with the graft, cannot cause 
hyperacute rejection. Further studies on these lines are in 
progress. 

We thank Mr R. Butler for technical assistance and the MRC 
for support. 
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Graft-versus-host disease (GVHD) is a cell-mediated im- 
munological reaction, and there is evidence in the rodent system 
that long-term survival without GVHD is associated with the 
presence of lymphocytes which specifically suppress the GvH 
reaction. We have accordingly developed an assay for the 
influence of circulating cells from patients with HLA-identical 
marrow grafts on the reaction of donor cells against host 
lymphocytes (collected before transplantation and modified by 
trinitrophenyl (TNP)). We find that patients without GVHD 
have radiation-sensitive circulating cells which specifically 
suppress the in vitro model of the GvH reaction. Our findings 
seem to have a bearing on graft—host tolerance and the causation 
of GvHD in vivo. 

Most long-term patients after human marrow transplantation 
from HLA-identical siblings are healthy stable chimaeras who 
need no further immunosuppressive therapy’*, However, 30% 
of the chimaeras have mild to severe chronic GVHD charac- 
terized by lesions resembling those seen in autoimmune collagen 
vascular diseases**, immunodeficiency® and frequent bacterial 
infections’. We have described deposits of IgM and complement 
C’3 at the dermo-epidermal junction, raising the possibility that 
humoral anti-host immunity is involved in chronic GVHD’. The 
participation of cell-mediated immunity was suggested by the 
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Table 1 Suppressor cell assay 





Responder Stimulator cells* 

Cukure cells {irradiated} ‘Suppressor’ celis 
Test Donor TNP-host Chimaera? 
Control A Donor TNP-host Donor 
Control B Chimaera TNP-host Chimaera 
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Mononuclear leukocytes were separated in lymphocyte separation medum 
(Ficoll-Hypaque, Bionetics)*'°, Host lymphoctyes used as stimulating cells were 
cryopreserved before transplantation and thawed before use“. TNP-coupling with 
10 mM trinitrobenzenesulphonic acid in phosphate-buffered saline at pH 7.4 for 
10 min was done by published methods”? Stimulator cells were treated with 
1,600 rad irradiation. Responder and suppressor cells were prepared from freshly 
drawn blood. The cells were finally suspended in RPMI medium with 20% male 
AB or pooled human male serum, 100 U mi“ penicillin and 100 pg mt”? strep- 
tomycin. From each cell suspension, 0.05 ml containing 5x 10° lymphocytes was 
plated on to round-bottom plates (Linbro 76-013-05) as responder, stimulator or 
suppressor cells in ratios of 1:1:1. Cultures were set up in quadruplicate and 
incubated for 6 days at 37 °C ina humidified 5% CO, atmosphere. Por the last 16 h 
of incubation, 2 pCi of *H-thymidine (NEN) were added. The cultures were then 
collected and lymphoctye incorporation of the isotope-labelled thymidine was 
measured in a liquid scintillation counter. 


median c.p.m. of test cultures 





% Suppression = 1 ~ x 100 


0.5(median ¢.p.m. of control cultures (A + B)) 


This formula has been described and justified'®. A suppression of » 30% was 
considered significant. 

* Other stimulator cells were also used (see Tables 2,3). 

+ Chimaera cells = donor lymphocytes living in the marrow recipients. 
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Table 2 An example of results in patient 987 








Responder Suppressor Stimulator 
TNP-modifled 
Auto~ Vine Un- 
logous* Host Donor related related 
Median cpm. of quadruplicate cultures 
Test 
Donor Chimaera 327 6,320 11,352 7,602 
(5,912)" 
Controls 
A, Donor Donor 1,830 9,573 9,809 11,677 14,649 
(4,931) 
B, Chimaera Chimaera 208 1,227 2,593 4,683 4,174 
Mean of 5,401 6,081 B180 9412 
A+B 
% Suppression 94 -4 -39 19 
{—20) 





A test was considered not evaluable when the MLC response of donor cells to a 
stimulator population was less than twice that of the autologous control, Test 
cultures consisted of 5 x 10* donor lymphocytes as responders, 5 x 10° stimulator 
cells and 5x 10* chimaera cells as suppressors. Control culture A consisted of 2 
(5 x 10*) donor lymphocytes and § x 10° stimulator cells, Control culture B consis- 
ted of 2 (5x 10*) chimaera lymphocytes and 5 x 10° stimulator cells. % Suppres- 
sion was calculated according to the formula in Table 1 except for cultures 
indicated (*+). The high negative suppression which occurred less frequently than 
positive suppression resulted from an enhanced MLC response in the mixed 
culture. Chimaera cells alone often showed a lower MLC response than. donor ceils 
alone. The enhancement seen in mixed culture is probably due to an increased 
response of chimaera cells in the presence of donor cells. Chimaera cells may lack 
helper cells necessary for an adequate MLC response, and these are provided by 
the donor cells. 

* In these cultures, the chimaera cells were irradiated with 1,600 rad. 

+ In these cultures, 5 x 10* irradiated donor ceils were added to the responder 
(donor) cells and stimulator cells. No control B was set up because irradiated 
suppressor cells gave no response to the stimulators. 


observation of unidirectional reactivity of lymphocytes (of 
donor origin) from most chimaeras with chronic GvHD in 
response to cryopreserved host lymphocytes in mixed leukocyte 
culture (MLC)*”, It was tempting to speculate that this finding 
represented the in vitro equivalent of a continuing immunologi- 
cal reaction which manifested itself in vive as chronic GVHD, 
Conversely, chimaeras without GvHD lacked in vive evidence 
for immunological reactions, and their lymphocytes in general 
did not display MLC reactivity to host celis®. We have also 
reported the presence in patients with chronic GvHD of circu- 
lating cells that suppressed the ability of lymphocytes from the 
marrow donor to proliferate in response to unrelated lympho- 
cytes and/or to concanavalin A'*"", Others described abnormal 





0028-0836/81/300355—03$01,00 


® 1981 Macmillan Journals Lid 


356 


Nature Vol. 292 23 July 1981 





Table 3 Suppressor cell 


activities in long-term patients 








Stimulator cells 








TNP-modified 
Underlying Test day oan 
Patients UPN disease post-grafting Host Donor Unrelated Unrelated 
% Suppression 

Without GvHD (n = 14) 656 AML 732 36 ND 20 ~3t 
1,460 55 ND ND ~6 
674 AML 1,012 47 21 7 20 
* 679 ALL 764 50 ND NR ~29 
923 38 -12 3 10 
1,066 33 ND ~18 -38 
732 AA 349 45 ND —24 ~23 
737 AA 831 66 86 ~65 7 
74i AA 842 57 100 78 17 
TT: AA 996 64 NR -23 ~50 

776 AML 371 34 ND 0 9t 
777 AA 822 56 23 ~36 22 
896 AA 364 79 75 -24 ~41 
959 AML 381 71 ND 14 ~59 
987 ALL 362 94 ~ -39 19 
1,019 AML 331 -51 ND ND ND 
1,082 AML 374 36 NR ~18 -4 
Chronic GVHD {7 = 23) 612 AA 1,080 ~100 -71 27 -5 
630 AA Olt 27 25 18 12 
644 ALL 959 68 ~12 -15 30 
705 AML 745 -34 ~55 NA 83 
723" AMML 868 ~27 3 11 ~4 
734 AA 830 53 -35 11 36 
800 CML 652 1 53 23 42 
804 AMML 699 22 ND -23 ~10 
838 AA 734 ~29 ND 59 30 
886 ALL 350 69 16 NA 22 
889 AMML 372 48 23 0 ~15 
909 AML 535 10 70 ~100 NA 
91: ALL 368 1 38 4 ~53 
957 CML 354 ~15 NR -25 62 
962 AML 336 57 68 44 ~21 
993 AML 394 -57 14 ~9 —37 
995 AML 364 ~88 ~100 NA 718 
1,002* CML 357 ~ 100 NR NR 2 
1,020" AMML 390 21 ND ND ~95 
1,023 AML. 211 84 NR 11 35 
1,068 AMML 238 ~30 ND 60 ~98 
1,083 Hodgkin's 171 mhd NR NR 14 

lymphoma 

1,233 AMML 131 i ND ND ~19 


POSON EAEN EEEE anaana 


UPN, unique patient number. Underlying disease: AA, aplastic anaemia; ALL, acute lymphoblastic leukaemia; AML, acute myelogenous leukaemia; AMML, acute 
myleomonocytic leukaemia; CML, chronic myelogenous leukaemia. Suppression of >30% is indicated by bold figures, ND, not done; NA, not applicable, when chimaera 
MLC response (control B) > donor MLC response (control A)'°; NR, no response, when donor MLC response to the stimulators (control A) < 2 x that of the autologous 


control, 
+ Results previously reported”. 
* These patients had extremely limited chronic GVHD. 


numbers of TH} cells in some patients with GVHD”. Studies of 
in vitro immunoglobulin synthesis showed a lack of helper cells 
and the presence of suppressor cells in chimaeras with chronic 
GvHD"™. Such cellular imbalance may explain the severe 
immunodeficiency seen in patients with chronic GVHD. Stable 
long-term chimaeras generally did not show evidence for similar 
immunological deficiencies. 

The mechanisms maintaining stable graft~host tolerance in 
healthy long-term survivors after marrow transplantation have 
been recently investigated. A role for serum-blocking factors 
has been ruled out in both canine and human recipients of 
marrow grafts'’*'®, Although the involvement of specific 
suppressor cells in the maintenance of transplantation tolerance 
has been established by many investigators’®, in clinical marrow 
transplantation, such evidence is lacking due to the difficulty of 
studying a model with HLA identity. In the animal models, we 
have presented circumstantial evidence for an active suppressor 
mechanism in stable canine radiation chimaeras’’, and Tutschka 
et al, suggested that the development of specific and nonspecific 
suppressor cells in rat chimaeras after the resolution of GVHD 
accounted for the establishment of specific graft~host 


tolerance’®. 
In the present study, the in vitro model was devised to test 


chimaera cells for their ability to suppress the response of donor 
lymphocytes to TNP-modified host cells stored before trans- 
plantation, TNP was used because donor lymphocytes did not 
respond to unmodified host cells in the MLC due to HLA 
identity. The TNP moiety of trinitrobenzene sulphonate 
covalently links to e-amino groups of the lysines of cell-surface 
proteins. Studies in mice have shown that cytotoxic cells 
generated in vitro after sensitization with TNP-modified 
autologous cells recognize not only the TNP moiety but also self 
components coded for by genes mapping in H-2 (ref. 19). 
Studies on the human cytotoxic response to TNP-modified cells 
have suggested that almost half of the cytotoxicity generated was 
directed against polymorphic determinants thought to be HLA 
linked”. Some of the cytotoxic activity seemed to be directed 
against TNP in association with relatively nonpolymorphic 
antigens widely shared among humans”’. These findings were 
interpreted as evidence for considerable diversity of the types of 
cell-surface determinants that human cytotoxic cells can recog- 
nize in association with TNP. 

The hypothesis underlying the present study was that poly- 
morphic determinants not linked with HLA can be recognized in 
association with TNP in a primary MLC assay and that these 
determinants have a role in human GvHD. We presumed that 
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suppression of the MLC reactivity by lymphocytes from the 
chimaeras without GvHD would be specific for recognition of 
TNP-associated host determinants but would not impair recog- 
nition of TNP-associated determinants shared between the 
siblings or with unrelated individuals. Conversely, recognition 
of TNP-associated determinants by donor lymphocytes would 
not be abrogated by lymphocytes from chimaeras with chronic 
GvHD. 

Thirty-seven patients with aplastic anaemia, leukaemia or 
Hodgkin’s lymphoma (Table 3), 8-50 yr old, were treated by 
high-dose cyclophosphamide, either alone or in combination 
with 1,000 rad total body irradiation, in preparation for a mar- 
row graft from a genotypically HLA-identical sibling’. All 
were given immunosuppression with intermittent methotrexate 
for no longer than 3 months post-grafting. Fourteen were 
healthy chimaeras without GVHD and 23 had minimal to severe 
chronic GVHD. Tests were carried out between 131 and 1,460 
days post-grafting. At the time of testing six patients were under 
immunosuppressive treatment for chronic GYHD* while the 
remainder were untreated. 

Details of the lymphocyte separation, TNP modification and 
the assay system are described in Table 1 legend. Lymphocytes 
from 37 marrow donors were stimulated by TNP-modified 
lymphocytes from their recipients collected before transplan- 
tation (TNP-modified host cells) with stimulation indices (SI) 
ranging over 2-15.8 (mean 4.3). Mononuclear cells from the 
peripheral blood of the chimaeras were tested for their ability to 
suppress the reactivity of the donor lymphocytes to TNP- 
modified host lymphocytes. In addition, we tested the effect of 
chimaera lymphocytes on the response of the donor lympho- 
cytes to unmodified, unrelated stimulating cells from healthy 
individuals (‘nonspecific’ suppression)’°. To test for specificity, 
the effect of chimaera lymphocytes on the responses of the 
donor lymphocytes to TNP-modified donor and TNP-modified 
unrelated lymphocytes was also studied. 

Table 2 shows an example of the results in a patient without 
GvHD (UPN 987) studied 362 days after transplantation. The 
circulating lymphocytes from the chimaera, when mixed with 
donor lymphocytes in an MLC, suppressed the response to 
TNP-modified host cells by 94%. The suppressor activity was 
abrogated by exposure of chimaera cells to 1,600 rad irradia- 
tion. (Radiosensitivity of the suppressor cells was also shown in 
four out of four other cases studied.) The chimaera’s lympho- 
cytes did not suppress the response of donor lymphocytes to 
TNP-modified donor nor unrelated TNP-modified or 
unmodified cells. 

Table 3 summarizes the results in the 37 patients studied. 
Lymphocytes from 13 of 14 healthy chimaeras suppressed the 
response of donor lymphocytes to TNP-modified host lympho- 
cytes compared with those of only 5 of 23 chimaeras with 
chronic GVHD (P < 0.0005, x° test). Lymphocytes from none of 
the healthy chimaeras suppressed the ability of their marrow 
donor lymphocytes to respond to unmodified unrelated 
lymphocytes compared with those of 9 of the 22 chimaeras with 
chronic GVHD tested (P<0.01). We were able to test two 
patients (UPNs 656 and 679) from the former group repeatedly 
and show comparable results. Suppression of donor lymphocyte 
responses to TNP-modified self and TNP-modified unrelated 
lymphocytes was seen in 2/7 and 1/14 cases among healthy 
chimaeras and in 4/14 and 3/16 cases among chimaeras with 
chronic GvHD (differences not significant). 

The results of the study are in agreement with our hypothesis. 
Most patients without GvHD had circulating cells ‘specifically’ 
suppressing donor lymphocyte reactivity to TNP-modified host 
cells while most patients with chronic GVHD lacked specific 
suppressor cells. This suggests that stable graft~host tolerance 
after human marrow grafting is maintained by specific suppres- 
sor cells. Conversely, the lack of specific suppressor cells in 
patients with chronic GvHD allows an immunological reaction 
to occur which manifests itself in vivo as GVHD and in vitro as 
unidirectional reactivity of chimaera lymphocytes (that is, donor 
lymphocytes in the patient) against cryopreserved host 





lymphocytes in MLC”. The nature of these suppressor cells and 
the time of their appearance in the bleod after transplantation 
are unknown. 

The present study also confirms a previous observation on 
the existence of another class of suppressor cells, present in 
patients with and absent in those without chronic GVHD, which 
nonspecifically suppresses the response of marrow donor 
lymphocytes to unmodified unrelated lymphocytes in MLC. 
These nonspecific suppressor cells may be one explanation for 
the severe immunodeficiency’ and the recurrent infectious 
complications® characteristic of patients with chronic GVHD. 

This investigation was supported by grants CA 18221, CA 
15704 and CA 18029 from the NCI, DHHS, and CH 137 from 
the American Cancer Society. E.D T. is a recipient of a 
Research Career Award AI 02425 from the National Institute 
of Allergy and Infectious Diseases. 
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Several genetic markers of human la molecules, each recognized 
by specific alloantisera, have been defined: DR 
1,2,3,4,5,w6,7,w8,w9,w10. They are controlled by a single 
locus, HLA-DR. In addition alloantigenic specificities have 
been identified which are associated, at the population level, 
with two or more of the above DR specificities. They have been 
called ‘supertypic specificities’, DC1. supertypic specificity 
(nomenclature equivalents: MB1, MT1, LB12) has attracted 
particular attention, because although exhibiting a population 
association with DR1, 2 and w6, DC1 is carried by a different 
molecular species'*. Possibly, DC1 may represent the first 
genetic marker of a locus different from the DR locus bat in 
strong linkage disequilibrium and therefore probably closely 
linked to it. Here we report the development of a monoclonal 
reagent specifically directed against DCI and its utilization in a 
structural analysis of DCi molecules as compared with la 
molecules carrying different DR determinants. 
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Fig.1 A detergent-solubilized [a preparation from the Daudi cell 
line was '?*J-labelled by the chloramine T method. Limited papain 
digestion was performed at 1:40 enzyme to protein ratio (bovine 
serum albumin as carrier protein) for 30 min at 37°C. Papain- 
unsplit' and ‘papain-split’ fractions were separated on a column of 
Biogel A 1.5 and further purified by LcH affinity chromatography. 
Details about the whole procedure have been previously repor- 
ted", Tests of the two fractions with the different antisera were 
performed by the double precipitation direct binding test’. 
Aliquots of antigen containing 15,000 c.p.m, were incubated with 
different antiserum dilutions for 16 h at 20 °C in 0.075 M Tris-HC1i 
buffer, pH 7.8, containing 0.2% Renex-20 detergent and 0.02% 
bovine serum albumin. Precipitating antiserum (either sheep anti- 
human or rabbit anti-mouse immunoglobulin) was then added at 
equivalence and the radioactivity in the washed precipitate 
determined, Per cent binding was expressed relative to the binding 
of the same antigenic preparation by a rabbit antihuman Ia 
antiserum. Further details are given elsewhere’. Absorption of the 
papain-split fraction was achieved by reacting 200,000 c.p.m. of 
antigen with 20 ul of either Fe131/4 or Fe88/37 alloantiserum for 
16h at 20°C. The supernatant recovered after precipitation with 
sheep anti-human immunoglobulin was then further tested with 
the different antisera at varying dilutions. ©, Fel31/4; @, 
Fe88/37; ©, BT3/4. a, Daudi unsplit; b, Daudi split (not ab- 
sorbed); c, Daudi split (absorbed with Fe 131/4, anti-DC1); d, 
Daudi split (absorbed with Fe 88/37, anti-DRw6). 
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Table 1 Reactivity of monoclonal BT3/4 with lymphoblastoid B-cell 
lines and peripheral blood B cells 





Reactivity with 
DR phenotype BT3/4 
Cell lines 
LG2 1,1 + 
WT18 2,2 + 
LG17 2,2 as 
LG38 5,5 - 
WT48 5,5 ~- 
WT52 w6, w6 + 
LG28 w6, w6 + 
Daudi w5,- + 
Raji 3, w6 + 
M. W. 2,4 + 
Donors 
A.B 2,76 + 
G.D. 4,5 ~ 
M. F. 1,4 + 
F.C. §,7 = 
A.M. 5,- - 
R.A. 2,4 + 


Lymphoblastoid B-cell lines LG2, LG17, LG28 were provided by Dr 
W, Leibold and were derived as previously described”’, All cell lines 
were maintained in RPMI 1640 medium supplemented with 10% fetal 
calf serum (Seromed). B cells were purified from peripheral blood by 
already described techniques”*, Indirect immunofluorescence was car- 
ried out as previously described”*. 
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The monocional antibody BT3/4 is secreted by a hybridoma 
obtained by the method described by Gefter et al.*. Briefly, 
BALB/c mice were immunized intraperitoneally at 10-day 
intervals with 10’ E-rosetting cells obtained from a secondary 
mixed lymphocyte culture (MLC). A mouse was killed 4 days 
after the third injection and its spleen was fused with P3/X63- 
Ag8-U1 myeloma cells. Fourteen days after fusion the super- 
natant of each cell was assayed by indirect immunofluorescence 
on activated T cells. Positive cultures were cloned on soft agar 
essentially as described by Coffino et al.>, and the clone BT3/4 
passed into ascites form for mass production of monoclonal 
IgG1. When tested on a panel of cell lines and peripheral blood 
lymphocytes by indirect immunofluorescence, BT3/4 invariably 
reacted only with lymphoblastoid B-cell lines and B lympho- 
cytes from donors with a DR phenotype including DR 1, 2 or w6 
(Table 1). The specificity of BT3/4 is similar to that previously 
reported®”’ for the monoclonal antibody Genox 353. 

At the molecular level, the specificity of BT3/4 was tested on 
purified Ia preparations from the Daudi cell line (Drw6*,DC1"). 
As reported previously, after limited papain digestion, two 
fractions of Daudi Ia can be separated by gel filtration: ‘papain- 
unsplit’ fraction, retaining the approximate size of untreated 
molecules, and a ‘papain-split’ fraction, with decreased molecu- 
lar weight. DC1 molecules were present in increased proportion 
in the ‘papain-split’ fraction". This provided a convenient test of 
the specificity of the monoclonal BT3/4, which, as shown in Fig. 
1 (a and b) did not react with the ‘papain unsplit’ fraction, while 
reacting similarly to the reference anti-DC1 alloantiserum 
Fe131/4 with the ‘papain-split’ fraction. Moreover, the reac- 
tivity of BT3/4 was completely abolished by absorption with Fe 
131/4, whereas absorption with Fe 88/37 (anti-D Rw6) induced 
a parallel increase of binding of Fe 131/4 and of monoclonal 
BT3/4 (Fig. 1, c and d). This shows that the molecules which 
carry the DC1 determinant as recognized by a specific anti-DC1 
alloantiserum are the same molecules which carry the deter- 
minant recognized by the BT3/4 monoclonal antibody. 

DC1 antigen was purified by immunoabsorption to 
Sepharose-bound BT3/4 from the lymphoblastoid cell lines 





Fig. 2 Autoradiograph of a 12.5% SDS-PAGE of unreduced 
DC1 and DR antigens. 10’ WT52 cells were lysed with 0.5% 
Nonidet P40 and centrifuged to remove nuclei and cell debris. DC1 
and DR molecules were purified from the lysate by the 
immunoabsorption method described in detail in ref. 9, BT3/4 and 
PTF29 were coupled to Sepharose 4-B by the cyanogen bromide 
technique. A Sepharose-bound monoclonal antihuman IgE was 
used as control. The antigens were eluted with 5% SDS and 
labelled using the chloramine T method according to Greenwood et 
al’, SDS-PAGE was carried out in slab gels using the dis- 
continuous Tris buffer system as previously reported’. Non-reduc- 
ing conditions were used to increase separation of a-and B-chains. 
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LG2 and WTS2, carrying DR allospecificities 1 and w6, respec- 
tively. After iodination, the bound material was analysed in 
SDS-polyacrylamide gel electrophoresis (PAGE) (Fig. 2). 

DC1 antigen is composed of two chains with an apparent 
molecular weight very similar to that of DR a- and B-chains. 
However, unreduced DC1 -chain moves slightly faster than 
DR £-chain at an apparent molecular weight of 23,000. 

The structure of DC1 antigens isolated from the two lines was 
further compared by two-dimensional peptide mapping with 
that of DR 2, 5, w6 and 7 similarly purified with the monoclonal 
PTF 29.12 (ref. 9). Figure 3 shows the comparison between 
peptic digests obtained from a chains of the two DC1 pre- 
parations and of the four DR antigens; DC1 a-chains isolated 
from DR 1 and DR w6 cell lines are identical, but bear no 
resemblance to any of the four DR a@-chains. In Fig. 4 the 
equivalent comparison is reported for DC1 and DR B-chains. 
As previously reported”, the maps of the -chains from the four 
different DR alleles show, besides the expected degree of allo- 
typic variability, a core of 12 invariant peptides; none of these 
peptides is present in the DC1 8-chain. Again B-chains of DC1 
purified from the DR 1 and DR 6 cell lines are identical. 





f 12 


Fig.3 Autoradiographs of peptide maps of ‘?*I-labelled a-chains 
of DC1 and DR antigens. a- And B-chains were eluted from the gel 
and processed for peptide mapping as previously described’. 
Briefly, after complete reduction with dithiothreitol and alkylation 
with iodoacetamide, a- and B-chains were digested with pepsin 
(1,50 enzyme to protein ratio, 18 h at 37°C in 100 yl of formic 
acid/acetic acid/water (1;4;45)). Two-dimensional peptide maps 
were obtained by a technique” based on the method of Feinstein”? 
a, DC1 a-chain from LG2 (DR1, 1); b, DC1 a-chain from WTS2 
(DRW6, W6); c, DR a-chain from WT52: d, DR a-chain from 
IBW9 (DR7, 7); e, DR a-chain from LG17 (DR2, 2); f DR 
a-chain from WT48 (DRS,5). 





Fig.4 Autoradiographs of peptide maps of '**I-labelied B chains 
of DC1 and DR antigens. a, DC1 B-chain from LG2 (DR1, 1): b, 
DC1 £B-chain from WT52 (DRw6, w6); c, DR B-chain from 
WTS2; d, B-chain from IBW9 (DR7, 7); e, DR 8-chain from LG17 
(DR2, 2); f} DR B-chain from WT48 (DR, 5). The detailed 
comparison of DR chains from different alleles is given elsewhere’. 
DR peptide maps similar to those shown in ref, 9 have been 
included here to facilitate comparison with the peptide maps of 
DC 1 chains. 


It should be stressed that this type of technique, involving 
comparison of molecules labelled in a single amino acid, under- 
estimates the degree of homology of their primary sequences’, 
In fact, a single amino acid substitution is sufficient to cause a 
peptide to move to a different position. However, it can be safely 
concluded that DR and DC1 differ both in their œ- and 8-chains 
and that the minimum number of different amino acids corre- 
sponds to the number of spots present in the maps (a and B 
respectively). A precise quantitation must await sequence data. 

The data presented are better discussed in their possible 
analogies to the murine Ia system, Murine Ia includes at least 
two subsets of molecules with similar basic structures: 1-A 
molecules and I-E molecules. Based on recent data’, the A 
a- and A -subunits as well as the E @-subunit are controlled by 
genes in the I-A subregion, whereas the E a-subunit maps in the 
I-E subregion. Polymorphic structural differences can be detec- 
ted mainly on the three I-A subregion-controlled subunits. 
Several structural and serological findings, including amino acid 
sequence data, indicate homology between murine I-E mole- 
cules and ‘human Ia molecules’'*'*. These data were obtained 
before the recognition of separate subsets of Ia molecules 
probably controlled by different loci'’*'*, Therefore it is very 
likely that the major molecular subset, that is, the DR locus- 
controlled molecules, were actually tested. In fact, DC1 
molecules constitute a minor fraction as compared with DR 
molecules” and their presence would not have affected the 
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sequence analysis much above ‘noise level’. We have actually 
shown that a mouse anti I-E* alloantiserum could actively bind 
DR molecules but not DC1 molecules (R. Tosi and P. Ivanyi, 
unpublished observation). It must be concluded that only the 
homology between murine I-E and human DR-controlled Ia 
molecules is clearly demonstrated. 

Thus it is possible that DC molecules may be the human 
equivalent of murine I-A molecules. Four analogies can be 
found to support this hypothesis: (1) DC1 B-chains and DR 
-chains are controlled by very closely linked loci. In fact, both 
DC1 and DR serologically detected determinants are located on 
their B-chains'’* and there are no confirmed instances of 
DC/DR recombination. (2) A B-chains have been shown to 
possess a lower molecular weight than E B-chains'*. This 
parallels the observation reported here concerning the migra- 
tion in SDS-PAGE of DC1 @-chains as compared with DR 
B-chains. (See ref. 15 for a discussion of the possible significance 
of this size difference.) (3) Extensive variations have been found, 
both by limited sequence analysis'*'’ and by peptide analysis'* 
between murine A a and E a. Our data show that DC1 and DR 
molecules differ not only, as expected, in their B-chains, but also 
in their a -chains. (4) A monoclonal antibody directed against an 
allotypic specificity of rat Ia molecules, MRC OX3, was also 
found to recognize a polymorphic determinant both in mouse 
and in man’?°. In man, it reacted only with DR 1, 2 or w6 
positive cell lines, thus behaving as an anti-DC1. In the mouse, it 
recognized an I-A subregion-controlled determinant. 

The above are only indirect indications of a possible DC/I-A 
homology. A direct demonstration can only come from amino 
acid sequence analysis of DC1 molecules. Comparison of æ- 
chains will be especially informative as these exhibit less poly- 
morphic variations than do B-chains’*. Whatever the homology 
between single human and murine Ia loci, the data suggest a 
basic similarity between the two systems. Both murine and 
human Ia molecular pools can be subdivided into at least two 
subsets which substantially differ from each other both for their 
a- and B-chains. A similar conclusion has been reached for rat 
Ia antigens”'. The association of DC1 -chains with a distinctive 
species of a-subunit definitely rules out the possibility that the 
DC1 supertypic specificity is controlled by the HLA-DR locus. 
In fact, the different DR allelic products have been shown to 
possess marked structural variations in their 8 -subunits but not 
in their a-subunits””*?, while the structure of the a-subunit 
associated to the DC1 molecule has clearly distinctive features. 
This confirms previous immunochemical and genetic data which 
assigned DC1 to a separate, non-DR, locus. 

An interesting point, as in the mouse system, is the non- 
interchangeability of a -chains in their association with 8 -chains 
encoded by different loci. This is probably due to a selective post 
translational association, as coordinated translation of a-and 
B-chains from the same messenger seems unlikely because 
separate messenger RNAs for the two chains can be isolated”, 
and because A -chains can associate with A a-chains trans- 
mitted by the homologous chromosome’. Markert and Cres- 
swell have recently reported the existence of at least two 
species of B-subunits and at least three species of non-inter- 
changeably associated a-subunits. Apart from the inter- 
pretation given by the authors on the localization of alloan- 
tigenic determinants on the different chains, the above data, in 
agreement with ours, also imply the existence in man of Ia 
molecular subsets differing for both «a - and B-chains and carry- 
ing alloantigenic determinants which are transmitted in strong 
linkage disequilibrium with DR determinants. 

This work was supported by CNR grant N.54/80.01525.96 
(to G. C.) 


Received 6 February; accepted 11 May 1981. 


i. Tosi, R., Tanigaki, N., Centis, D., Ferrara, G. B. & Pressman, D. J. exp. Med. 148, 
1592-1597 (1978). 

2. Duquesnoy, R. J. Transplanin Proc. 12, 148-151 (1980). 

3. Termijtelen, A., Boettcher, B., Bradley, B. A., D'Amaro, J. & van Rood, J. J. Tissue 
Antigens 16, 140-146 (1980). 

4, Gefter, M. L., Margulies, D. H. & Scharff, M, D. Somatic Cell Genet. 3, 231-235 (1977). 

3. Coffino, P., Baumal, R., Laskov, R. & Scharff, M. D. J. cell. Physiol. 79, 429-440 (1972). 


Nature Vol. 292 23 July 1981 





6. Brodsky, F. M., Parham, P., Barnstable, C. J, Crumpton, M. J. & Bodmer, W, F. Immun. 
Rev. 47, 3-62 (1979). 
7. Brodsky, F. M., Parham, P. & Bodmer, W. F. Tissue Antigens 16, 30-48 (1980). 
8. Tanigaki, N., Tosi, R., Koyama, K. & Pressman, D. Immunology 39, 615-620 (1980). 
9. Corte, G., Damiani, G.. Calabi, F., Fabbi, M. & Bargeliesi, A. Proc. natn. Acad. Sci. U.S.A. 
78, 534-538 (1981). 
10. Silver, J. & Russel, W. A. Immunogenetics 8, 339-341 (1979). 
11. Cook, R. G., Capra, J. D., Bednarczyk, J. L., Uhr, J. W. & Vitetta, E. S. J. Immun. 123, 
2799-2803 (1979). 
12. Cook, R. G., Siegelman, M. H., Capra, J, D., Uhr, I. W. & Vitetta, E. S. J. Immun. 122, 
2232-2237 (1978). 
13, Delovitch, T. & Falk, J. 1. Immunogenetics 8, 405-410 (1979). 
14. Katagiri, M. et al. Immunogenetics 9, 335-351 (1979). 
15, Tanigaki, N., Tosi, R., Pressman, D. & Ferrara, G, B. Immunogenetics 10, 151-169 (1980), 
16. Cook, R. G., Uhr, J. W., Capra, J, D. & Vitetta, E. S. J. Immun. 121, 2205-2212. 
17. MacMillan, M., Cecka, J. M., Murphy, D, B, & McDevitt, H. O. Proc. natn. Acad, Sci, 
U.S.A. 14, 5135-5139 (1977). 
18. MacMillan, M., Cecka, J. M., Hood, L., Murphy, D. B. & McDevitt, H, O. Nature 277, 
663-665 (1979), 
19. McMaster, W. R. & Williams, A. F. Eur. J. Immun. 9, 426-433 (1979). 
20. McMaster, W, R., Wineares, B. C. & Parham, P. Tissue Antigens 14, 453-458 (1979). 
21. Blankenhorn, E. P., Cecka, J. M., Frelinger, J., Gotze, D. & Hood, L. Eur. J. Immun. 10, 
145~151 (1980). 
22. Kaufman, J. F., Anderson, R. L. & Strominger, J. L. J. exp. Med. 152, 37s-53s (1980). 
23. Charron, D, & McDevitt, H. O. Proc. natn. Acad. Sci. U.S.A. 16, 6567-6569 (1979). 
24. Korman, A. J., Ploegh, H. L., Kaufman, J. F., Owen, M, J. & Strominger, J. L. J. exp. Med. 
182, 65s-82s (1980). 
25. Silver, J., Swain, §, L. & Hubert, J. J. Nature 286, 272-274, 
26. Markert, M. L. & Creswell, P. Proc. natn. Acad. Sci, U.S.A. 77, 6101-6104 (1980), 
27. Gatti, R. A. & Leibold, W. Tissue Antigens 13, 35-44 (1979), 
28. Corte, G., Moretta, L., Damiani, G., Mingari, M. C. & Bargellesi, A. Eur. J. Immun. 11, 
162-164 (1981). 
29, Greenwood, F. C., Hunter, W. M. & Glover, J. S. Biochem. J. 89, 114-123 (1963). 
30. Feinstein, A., Richardson, N. E. & Mclhinney, R. A. J. in Cells of Immunoglobin Synthesis 
(eds Pernis, B. & Vogel, F.) 165-188 (Academic, New York, 1979). 








Antibody against T cell-replacing 
factor acceptor site(s) 

augments in vivo primary 

IgM responses to suboptimal 
doses of heterologous erythrocytes 


Kiyoshi Takatsu, Yoshimi Sano, Shohken Tomita, 
Noboru Hashimoto & Toshiyuki Hamaoka 


Department of Oncogenesis, Institute for Cancer Research, 
Osaka University Medical School, Osaka 553, Japan 





It is widely accepted that B cells possess two distinct receptors. 
One is the surface immunoglobulin that recognizes the antigenic 


- determinant; the other transmits the signals for proliferation 


and differentiation of the B cells after receiving differentiation 
stimuli mediated by a soluble factor derived from helper T cells. 
Previously'*, we demonstrated that the responsivity of B cells 
to T cell-replacing factor (TRF) was under X-chromosome 
control, as determined by genetic analysis of the TRF-nonres- 
ponsiveness of B cells from DBA/ 2Ha mice. An X-linked B-cell 
defect of DBA/2Ha mice to TRF seemed to be due to the 
absence of an acceptor site(s). We have immunized the defective 
(DBA/2Ha’ x BALB/cd)F, male mice with antigen-primed 
parental BALB/c splenic B cells. The resulting alloantiserum 
preferentially inhibited the B-cell response mediated in vitro by 
TRF added continuously to the culture. We report here that this 
antiserum, which presumably contains antibody against the 
putative TRF-acceptor site, augments primary IgM responses to 
simultaneously administered suboptimal doses of heterologous 
erythrocytes injected into TRF high-responder animals. These 
augmented IgM-PFC (plaque -forming cell) responses were also 
observed in other X-linked B-cell defective CBA/N mice, but 
not in TRF low-responder DBA/2Ha mice, suggesting that the 
putative TRF-acceptor site(s) functionally detectable by this 
antiserum is distinct from the Lyb 3 and Lyb 5 components. 
To prepare alloantiserum containing anti-TRF-acceptor 
site(s) antibody, (DBA/2Hax BALB/c)(DC)F, male mice 
(TRF-low responder animals) were immunized intra- 
peritoneally (i.p.) with splenic B cells (2 x107) from DNP (dini- 
trophenyl)-KLH (keyhole limpet haemocyanin)-primed 
BALB/c mice of a high TRF-responder parental strain, with 
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Table 1 Enhancing activity of (DC)F, male antl-BALB/c B-cell antiserum on PFC responses in BALB/c and BALB/c au/mw mice stimulated with 


graded doses of SRBC 
Immunization Direct PFCs Direct PFCs 
Strain (no. SRBC x 10%) Sorum per spleen per 10° spleen calls 
0.1 Control 337 (1.63) 2.42 (1.50) 
Ki (DCF; (é)anti-BALB/c 4,808 (1.38) 24.1 (1.50) 
BALB/c 1.0 Control 1,682 (1.47) 12.1 (1.49) 
(DCF, (¢)anti-BALB/c 6,832 (1.40) 53.0 (1.04) 
10.0 Control 29,337 (1.23) 190.0 (1.19) 
(DC)F,(s)anti-BALB/c 48,245 (1.07) 290.0 (1.09) 
BALB/c nu/nu 1.0 Control 477 (1.20) 2.17 (1.13) 
(DC)F, (é)anti-BALB/c 4,604 (1.19) 21.5 (1.25) 
10.0 Control ` 3,342 (1.06) 49.2 (1.14) 
(DC)F,(d)anti-BALB/c 9,997 (1.04) 113.3 (1.25) 


BALB/c or BALB/c nu/nu mice, aged 5-7 weeks, were immunized iv. with various amounts of SRBC in combination with (DC)F, male 
anti-BALB/c antiserum (1:40) or control serum, in a volume of 0.2 mL PFC responses 4 days after antigen stimulation end antiserum injection are 


shown. Results are expressed as geometric means + s.6.m. 


4 mg aluminium hydroxide gel and Bordetella pertussis vaccine 
(1x 10°), followed by i.p. injection of DNP-primed B cells 
without adjuvant once a week for 5 weeks. Seven days after the 
final immunization, each mouse was partially bled once a week 
for 4 weeks and the serum pooled. The activity of the antiserum 
was determined by measuring the inhibition of TRF-mediated 
antibody response according to methods used elsewhere. 

To determine whether the reaction of the TRF acceptor on 
the surface of the B cells with anti-TRF acceptor antibody 
altered the immune reactivity of these cells, we examined the 
PFC responses of BALB/c mice on stimulation with 1x 10° 
sheep red blood cells (SRBC) alone or in combination with 
graded doses of anti-TRF acceptor site antiserum or control 
serum. As shown in Fig. 1, mice stimulated with SRBC alone or 
in combination with control serum produced ~ 500-1,500 PFCs 
per spleen (5-10 PFCs per 10° cells), whereas mice injected with 
SRBC and an optimal concentration of anti-TRF acceptor site 
antiserum produced a 5- to 10-fold increase in antl-SRBC PFCs. 
Studies of the time course of this enhancing effect of the 
antiserum revealed that the peak response occurred on day 4 
after antiserum injection in combination with a suboptimal dose 
of SRBC, and that by day 8 this response had declined to control 
serum levels (data not shown). Mice injected with (DC)F, male 
anti-BALB/c B-cell antiserum alone without antigen also 
produced much fewer (1.5-1.8 times the background) but 
significant PFC responses to SRBC. This increase in PFCs due to 
the antiserum was observed in anti-HRBC (horse red blood cell) 
plaques as well (data not shown). These findings suggest that the 
anti-TRF acceptor antiserum acts synergistically with antigen to 
produce enhanced antigen-specific PFC responses. However, 
this does not exclude the possibility that anti-TRF-acceptor 
antibody alone induces polyclonal B-cell activation. 

To demonstrate that the enhancing effect of (DC)F, male 
antl-BALB/c B-cell antiserum on the PFC response of BALB/c 
mice is particularly evident when the triggering signals provided 
by both antigen and helper T cells are relatively low, we 
examined the effect of anti-TRF-acceptor antiserum: (1) in the 
presence of decreased concentrations of antigen, and (2) in the 
absence of T cells. Addition of antiserum (Table 1) marked! 
enhanced the PFC response to low doses of SRBC from 1x1 
to 1x 10°. In contrast, the enhancing effect of antiserum on PFC 
responses of those mice stimulated with large doses of SRBC 
was marginal. In a further experiment, the ability of (DC)F; 
male anti-BALB/c B-cell antiserum to substitute for helper 
T-cell activity in the induction of a primary PFC response was 
tested in nu/nu mice. BALB/c nu/nu mice produced a low 
number of anti-SRBC PFCs after priming with 1x 10° SRBC 
plus control serum, compared with the IgM anti-SRBC PFC 
response of BALB/c mics in the same experimental conditions. 
However, the administration of (DC)F, male anti-BALB/c 
B-cell antiserum with SRBC to these nu/nu mice resulted in a 
striking increase in anti-SRBC PFC responses (Table 1). 

It has been reported that CBA/N mice lack a subpopulation 
of B cells that appears late in ontogeny*” and responds to 


thymus-independent type 2 antigens, such as Ficoll and dex- 
tran’. As the defect is X-linked and recessive, an alloantiserum 
denoted anti-Lyb 3 that would react exclusively with this subset 
of B cells in all mouse strains except CBA/N was raised by 
immunizing (CBA/NXBALB/c)F, mele mice with BALB/c 
spleen cells’. Huber et al.* demonstrated that this antl-Lyb 3 
antiserum acts synergistically with antigen to produce enhanced 
antigen-specific PFC responses in variovs strains of mice except 
CBA/N. We decided to test whether this augmenting effect of 
(DC)F, male anti-BALB/c B cell antiserum is due to an inter- 
action between antibody and TRF-acceptor sites on the surface 
of B cells, and also to test whether or not the TRF-acceptor sites 
detected by this antibody are identical io or closely associated 
with the Lyb 3 molecules. We examined the effect of (DC)F, 
male anti-BALB/c B-cell antiserum on primary anti-SRBC 


2 


Anti-SRBC IgM PFCs per spleen (x10?) 
Ea 
Anti-SRBC IgM PFCs per 10* spleen cells 





Fig. 1 Dose-related augmenting effect of (DC)F, male anti- 
BALB/c B-cell antiserum on anti-SEBC PFC responses, 
(DBA/2Ha x BALB/chDC)F; male anti-3ALB/c B-cell alloan- 
tiserum containing anti-TRF-acceptor site antibody was prepered 
by the method described elsewhere”. Briefly, after treatment with 
monoclonal anti-Thy 1.2 antiserum and complement, splenic B 
cells from DNP-KLH-primed B cells of mice of a high TRF- 
responder strain (BALB/c) were used as immunizing cells. Low 
TRE- (DC)F, male mice were injected Lp. with these 
DNP-primed B cells (2 x 10”), with 4 mg aluminium hydroxide gel 
and B. pertussis vaccine (1 10"), followed by Lp. injections of 
DNP-primed B cells without adjuvant once a week for 6 weeks. 
Seven days after the final immunization, partial bleeding was 
performed on each mouse once a week for 4 weeks and the serum 
pooled. Six-week old BALB/c mice wers immunized Lv. with 
1 x 10° SRBC alone (@) or in combination with varying dilutions of 
(DC)F, male anti-BALB/c B-cell antiserum (©) or normal (DC)F, 
mouse serum (A) as a control, in a volume of 0.2 ml. After 4 days 
the mice were killed and the number of IgM plaque-forming cells 
(PFC) to SRBC was determined per spleen and per 10° spleen cells. 
Each point represents the mean PFC response of six mice from a 
‘representative experiment of a series of five. 
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Table 2 The effect of (DC)F, male anti-BALB/c B-cell antiserum on 





various strains of mice 

Direct PFCs 

Direct PFCs per 10° 
Strain Serum per spleen spleen cells 
BALB/c Control 518 (1.09) 4.31 (1.17) 
(DC)F,(é)anti-BALB/c 7,590(1.23) 42.5 (1.24) 
CS7BL/6 Control 649 (1.28) 7.10 (1.27) 
(DC)F,(d)anti-BALB/c 3,934 (1.09) 39.0 (1.02) 
DBA/2Ha Control 104 (1.44) 1.48 (1.22) 
(DC)F,(d)anti-BALB/c 326 (1.33) 1.78 (1.29) 
CBA/N Control 165 (1.37) 3.30 (1.44) 
(DC)F,(s)anti-BALB/c 3,030(1.03) 73.6 (1.12) 





Various strains of mice, aged 6-8 weeks, were immunized i.v. with 
110° SRBC in combination with (DC)F,; male anti-BALB/c 
antiserum (1:40) or control serum, in a volume of 0.2 ml. Results are 
expressed as geometric means + s.e.m. 


responses in various strains of mice. As shown in Table 2, 
enhancement of anti-SRBC responses was observed not only in 
BALB/c but also in C57BL/6 and CBA/N mice. In contrast, 
intravenous (i.v.) injections of varying doses of anti- TRF accep- 
tor serum failed to augment the anti-SRBC PFC response in 
DBA/2Ha mice, indicating that the augmenting effect was 
clearly due to a specific reaction of this antiserum with a 
component which is absent from the DBA/2Ha mice (Table 2). 
The fact that injection of CBA/N mice with SRBC in combina- 
tion with antiserum produced more than a 10-fold increase in 
anti-SRBC PFCs indicated that enhancement of the anti-SRBC 
responses in CBA/N mice is clearly due to a specific reaction of 
this serum with a component that is different from Lyb 3 and Lyb 
5, which are absent from CBA/N mice. 

Our results clearly demonstrate that passive administration of 
anti-TRF acceptor site antiserum in combination with subop- 
timal doses of SRBC in TRF high-response animals can induce 
augmented primary anti-SRBC IgM responses (Fig. 1 and Table 
2), and that stimulation of the acceptor site(s) on antigen- 
reactive B cells with antibody allows more efficient triggering of 
B cells by antigen. The ability cf anti-TRF acceptor site antibody 
to substitute for helper T-cell activity in the induction of a 
primary response is obvious from the fact that anti-TRF accep- 
tor site antiserum administered to nu/nu mice resulted in the 
production of a significant PFC response (Table 1). Although 
the positive response of CBA/N mice to (DC)F, male anti- 
BALB/c B-cell antiserum supports the notion that the TRF- 
acceptor site(s) which we detected here is different from Lyb 3 
(and -5 and -7) components, another possibility is that there are 
several (at least more than one) kinds of TRF-acceptor site 
molecules on B cells, especially in the light of reports by Parker 
et al.’° and Ahmed et al.”’ on the inability of unprimed B cells 
from CBA/N mice to respond to TRF (concanavalin A (Con A) 
supernatant). As anti-Lyb 3 antiserum was also able to augment 
a primary anti-SRBC response in vivo to suboptimal doses of 
antigen, and thus showed the same functional characteristics as 
our antiserum, Lyb 3 could be another acceptor molecule for the 
TRF originated from Con A supernatant. The interrelation 
between the TRF acceptor site(s) detected here and its Lyb 3 
components awaits further investigation. 

Note that there is a discrepancy between the triggering effect 
of anti-TRF acceptor antibody as described here and the inhibi- 
tory effect of the same antibody on B cell-triggering mediated by 
TRF as described previously’*. Recently, we found that 
antigen-primed B cells could be triggered in vitro by anti-TRF- 
acceptor antibody when the cells were pulsed with the antibody 
before the culture, whereas continuous presence of the antibody 
never triggered the B cells, and resulted in the inhibition of 
B-cell triggering mediated by TRF (to be published elsewhere). 
Therefore, this discrepancy in the effect of the antiserum may be 
explained by the dose of antiserum present in the critical period 
of B-cell triggering. Figure 1 shows that, in in vivo conditions the 

B-cell responses were greater at lower concentration (1:20) than 
a a hrs ee a 
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at higher concentration (1:10), and an optimal concentration of 
antibody was required to trigger the B cells. This may be due to 
the generation of similar experimental conditions in vivo to 
those in the antibody-pulsing of B cells in vitro. However, this 
notion does not necessarily exclude other possibilities such as 
difference in effect of antibodies of various classes contained in 
the antiserum or difference in threshold of various B-cell subsets 
(antigen-primed B cells as opposed to non-primed B cells) to be 
stimulated by the antibody. 

Although further investigation is required, such an allo- 
antiserum containing anti- TRF-acceptor antibody may provide 
us with the experimental strategy necessary for characterization 
of the TRF-acceptor site on B cells and for analysis of the fine 
mechanism of B-cell triggering through this site. 

This work was supported by a grant-in-aid for scientific 
research from the Japanese Ministry of Education, Culture, and 
Science, the 1980 Naito Research Grant and a grant from the 
Osaka Foundation for Promotion of Clinical Immunology. We 
thank Ms Kazuko Ishimura for secretarial assistance and Dr 
Akira Tominaga for informative discussion. 


Received 16 February; accepted 18 May 1981. 


. Takatsu, K., Tominaga, A. & Hamaoka, T. J. Immun. 124, 2414-2422 (1980). 

. Tominaga, A., Takatsu, K. & Hamaoka, T. J. Immun. 124, 2423-2429 (1980), 

. Takatsu, K., Tanaka, K., Tominaga, A., Kumahara, Y. & Hamaoka, T. J. Immun. 125, 

2646-2653 (1980). 

4. Takatsu, K., Tanaka, K., Tominaga, A. & Hamaoka, T. in B Lymphocytes in the Immune 
Response: Functional, Developmental, and Interactive Properties (eds Klinman, N. R. 
Mosier, D. E., Scher, I. & Vitetta, E. S.) 331-338 (Elsevier, Amsterdam, 1981). 

5. Huber, B., Gershon, R. K. & Cantor, H. J. exp. Med. 148, 10-20 (1977). 

6. Ahmed, A. et al. J. exp. Med. 145, 101-110 (1977). 

7. Subbarao, B, ef al. J. exp. Med. 149, 495-506 (1979). 

8. Mosier, D. E., Mond, J.J. & Goldings, E. A. J. Immun. 119, 1874-1878 (1977), 

9. 

0 

1 


tad pl ee 


. Mond, J. J., Scher, 1., Mosier, D. E., Baese, M. & Paul, W. E. Eur. J. Immun. B, 457-463 
(1978). 

. Parker, D. C., Fothergill, J. J. & Wadsworth, D. J. Immun, 123, 931-941 (1979). 

. Ahmed, A. & Sher, I. in B Lymphocytes in the Immune Response (eds Cooper, M., Mosier, 
D., Sher, 1. & Vitetta, E.) 117 (Elsevier, Amsterdam, 1979). 


SAN NT AS NE TR EL ET ON RET MESES, 





Phylogenetic tracing of Ia genes 


Nobukata Shinohara*, David H. Sachst, 
Noritaka Nonaka* & Hiroshi Yamamoto” 


* Department of Immunology, School of Medicine, Chiba University, 
Chiba City, Chiba 280, Japan 

+ Transplantation Biology Section, Immunology Branch, National 
Cancer Institute, National Institutes of Health, Bethesda, 

Maryland 20205, USA 





The I region of the mouse H-2 complex has been subdivided 
into five subregions (A, B, J, E, C) on the basis of serological 
and functional analyses of intra- MHC (major histocompatibility 
complex) recombinant strains’. However, no serologically 
detectable specificities nor Jr genes have been localized to the 
I-E subregion of the H-2° and H-2" haplotypes. Attempts to 
identify I-E gene products of these haplotypes by chemical 
analyses have also been unsuccessful”. Thus, the H-2 complex 
of these haplotypes seems not to express I-E subregion genes. 
In this case, alloantisera raised in ‘J~E-negative’ strains of mice 
against ‘I~E- positive’ mouse cells might contain, in addition to 
the usual alloantibodies, antibodies reactive with conserved 
portions of I-E molecules inherited from a hypothetical pri- 
mordial gene (I-E) which may have existed long before the 
speciation of contemporary animals. Such antibodies would 
show extensive cross-reactions with the I-E homologues of 
various species of animals. Interspecies cross-reactions of anti- 
Ia mouse alloantibodies have indeed been observed. Although 
such a cross-reaction was first found between mouse I-A and rat 
Ia-homologues, subsequent studies indicated much broader and 
more frequent interspecies cross-reactions of anti-I-E anti- 
bodies**. We have now expanded the demonstration of such 
interspecies cross-reactions to submammalian vertebrates. The 
possible basis of these unusual cross-reactions and its phy- 
logenetic implication will be discussed. 
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Fig. 1 Cros-reaction of anti-IX mouse alloantibody with 
lymphocytes of submammalian species. Reactivity of the antiserum 
was assessed by two-stage Trypan blue cytotoxicity assay using 
rabbit complement. When necessary, rabbit complement was pre- 
absorbed with erythrocytes of the testing animal. Absorption of the 
antiserum with mouse spleen cells was performed by incubating the 
1:10 dilation of the serum with 1 x 10° cells per ml for 1 h on ice. 
The completion of the absorption was confirmed by cytotoxicity 
assay on colls of the absorbing strain. Frog spleen cells were 
selected for adherence to nylon fibre in an attempt to enrich 
Ja-poaltive cells, Cytotoxicity curves of an A.TH anti-A TL 
antiserum absorbed with: no cells (O), B10.BR (C), B10.D2 (@), 
B10 (A), B10.A (A), B10.A(2R) (MD), B10.A(3R) (+) and 
B10.A(4R) (x). 


The present study used an A.TH anti-A.TL antiserum (serum 
201) which is specific for the entire J region of the k haplotype. 
This antiserum showed cross-reactivity on lymphocytes of 
various mammalian species (data not shown). Further examina- 
tion of the cross-reactivity of serum 201 on chicken and frog 
(Rana catesbelana) lymphocytes revealed that the cross-reac- 


Table 1 Mapping of the cross-reactive antigen in the mouse by 


absorption study 

Absorption 
H-2 complex of the 

Mouse strain of cross-reactive 

absorbing cells KABIJIECSD antibody 
B10.BR kkkkkkkk + 
B10.D2 dddddddd + 
B10 bbbbbbbb = 
B10.A kk kkk ddd + 
B10.A(2R) kk k k k.d“dlb + 
Bi0.AGR) b b b bik dad d d + 
B10.A(4R) k kiB’b bbb ob = 


See Fig. 1 legend for details. 


tion extended even to submammalian species (Fig. 1). The 
cytotoxicity of the antiserum on these cells was not due to 
contaminating natural antibodies, es B10.BR (H-2*) cells 
completely absorbed the cytotoxic antibodies in both cases (Fig. 
1). Likewise, B10.D2 and B10.A cells absorbed the antibodies 
whereas B10 cells did not. Absorption of serum 201 with 
Bi0.A(2R) and with B10.AGR) cells eliminated the cross- 
reactive antibodies, placing the gene encoding the cross-reactive 
antigen between the I-J and D regions (Fig. 1, Table 1). This 
result was corroborated by the failure of B10.A(4R) cells to 
absorb the cross-reactive antibodies. These results were iden- 
tical to those observed for a variety of mammalian lymphocytes. 

To confirm these findings, mouse antisera raised against 
various non-mammialian vertebrates such as chicken, frog and 
fish (Carassius carassius) were tested for reactivity on mouse 
lymphocytes. As shown in Table 2, all three antisera raised in I’ 
mice against non-mammalian lymphocytes showed cross-reac- 
tions on B10.BR cells. Reactivity of these antisera on A.TL and 
B10.S(9R) cells located the gene encoding the cross-reactive 
antigen between the J-B and D regions. These results not only 
confirmed the specificity of the cross-reactions detected by 
serum 201 but also indicated that even fish lymphocytes express 
molecules cross-reactive with I-E/C’ gene products. 

It has already been shown in several mammalian species that 
the cross-reactive antigens are homologues of murine Ia 
antigens—glycoproteins consisting of two polypeptide chains 
(molecular weights 35,000 and 28,000) which are encoded by 
MHC-linked genes*"°. Thus, it seems quite likely that the 


Table 2 Cross-reactions of mouse xenoantisera raised against sub- 
mammalian lymphocytes on allogeneic mouse spleen cells 


H-2 complex Killing by 

Target ATH ATH ATH 

cells K AB J EC S D a-chicken a-frog a-fish 
A.TH ss 8 8 8 8 3d -* - - 
ATL sik’k k k k*kid +* + + 
B10.8 ss 86 8 & 8 8 8 ~ zi - 
B10.BR kkkkkkkk + + + 
B10.A kkkkkddd + + + 
B10.S(9R) s s Ek d“did + + + 


* <10% above complement background. 
t>25% above complement background. 


cross-reactive antigens of other species are also homologues of 
the murine Ia molecules. The I-A- and the /-E-subregion genes 
in the mouse seem to have essentially overlapping functions. 
Although we do not know the exact nature of the functions of 
these genes, the I-E gene seems to be functionally dominant in 
the mouse, as judged from the extent of the alloantigeneic 
polymorphism and the number of Jr genes mapped to these 
subregions. Such functional dominance of the I-A subregion in 
this species may account for the apparent non-catastrophic loss 
of I-E antigens in some mouse strains. From these studies, the 
origin of the J-E, gene has been traced back at least to fish. This 
cross-reactive anti-la antibody may thus prove to be a powerful 
probe with which to study the evolutionary significance of Ia 
molecules and [a-bearing cells in the immune system. 
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Prostacyclin (PGI) is a potent inhibitor of platelet aggregation 
and a vasodilator that is synthesized from prostaglandin endo- 
peroxides by vascular endothelial and smooth muscle cells’. Its 
action on platelets is mediated by cyclic AMP*™*. Circulating 
PGI, has been detected through its inhibitory effect on the 
accumulation of platelets on collagen strips superfused with 
blood from anaesthetized and heparinized cats‘ and rabbits’ and 
this led to the suggestion that PGI, is released continuously into 
blood passing through the lungs and functions as a circulating 
hormone that regulates platelet aggregability®”. Because of its 
chemical instability, no more sensitive method of detecting 
circulating PGL, has been developed and there is doubt over 
whether PGI, is present in more physiological conditions ®"". 
Although 6-keto-PGF,,, the stable non-enzymatic breakdown 
product of PGI, has been assayed in human™™™ and rabbit" 
plasma, uncertainty over the fraction present as PGI, in the 
circulation has limited the value of the results obtained. Finally, 
it has been suggested that 6-keto-PGE,, a metabolic product of 
PGI, or 6-keto-PGF,,.. that can inhibit platelet aggregation”, 
may also function as a circulating hormone’. To resolve these 
uncertainties, we have now developed a sensitive bioassay for 
PGL -like compounds in blood. The results indicate that fresh 
arterial blood from physiologically normal rabbits contains 
insufficient PGI, or 6-keto-PGE, to affect platelet function. 
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Our assay is based on measurement of the increases in platelet 
*H-labelled cyclic AMP that occur on addition of platelets 
containing “H-labelled adenine nucleotides to blood. The °H- 
labelled cyclic AMP formation attributable to PGI,-like 
compounds in the blood was identified using an antibody that 
bound them. Inclusion of 1 mM 3-isobutyl-1-methylxanthine 
(IBMX) in the reaction mixture to inhibit platelet cyclic AMP 
phosphodiesterase enhanced the sensitivity of the assay about 
10-fold. After addition of labelled platelets to citrated rabbit 
blood containing 1mM IBMX, the increase in platelet °H- 
labelled cyclic AMP was linear with respect to time for 0.5- 
1.0 min, whether PGI, was present or not, thus providing a 
measure of platelet adenylate cyclase activity. When blood was 
preincubated at 37 °C for > 1 h to remove any endogenous PGI, 
IBMX increased the platelet *H-labelled cyclic AMP content 
from a basal value of 0.024 + 0.002% of platelet °H to 0.070+ 
0.004% in 0.5 min (means +s.e.m., n = 30). Double reciprocal 
plots of the additional increases caused by exogenous PGI, 
against the PGI, concentration (10-1,000 pmol ml”') were 
linear, suggesting a single population of functional PGI, recep- 
tors. Computer analysis using a weighted least squares method'® 
gave a K,, value for PGI, of 29.9+ 2.6 pmol ml! and a Vmax 
for the PGI.-stimulated conversion of platelet *H-labelled 
adenine nucleotides to cyclic AMP of 3.7+0.1% in 0.5 min 
(means +s.e.m. from five experiments). For 6-keto-PGE,, a Km 
of 101425 pmol mI”! and a Vmax Of 3.2+0.6% were obtained 
(means +s.e.m. from four experiments). However, when using 
the formation of *H-labelled cyclic AMP to assay amounts of 
PGI, or 6-keto-PGE, less than 5 pmol, we have found it most 
convenient to calculate experimental values from linear regres- 
sions of log [A*H-labelled cyclic AMP] on log [PGI] or log 


Fig. 1 Increases in *H-labelled cyclic AMP in labelled platelets added to 
blood containing IBMX and either PGI, or 6-keto-PGE,; antagonistic 
effects of antibody prepared against 6-keto-PGF,,,, Washed rabbit platelets 
were prepared using blood from pentobarbital-anaesthetized animals by a 
modification of the method of Ardlie ef al.*'. After the first wash the platelets 
were resuspended at 2.5 x 10° ml“! in Ca®*-free Tyrode's solution contain- 
ing 5mM PIPES buffer, pH6.5, and were incubated with 24M [2,8- 
3H Jadenine (34 Ci mmol™!, ICN) for 90 min at 20-22 °C, Almost complete 
uptake of the 7H-adenine occurred. The labelled platelets were then isolated 
by centrifugation. and resuspended at 2.5 x 10° ml”! in Tyrode's solution 
containing 0.35% (w/v) bovine serum albumin, 5 mM HEPES buffer, pH 
7.4, and an apyrase concentration (~30 pg ml!) capable of degrading 
100 uM ADP at 0.1 pmol min”! at 37°C. This suspension was stored at 
37 °C in a sealed tube and was usable for up to 3 h. Blood (13.5 ml) for assay 
of added prostaglandin standards was withdrawn from the central artery of 
the ear of an unanaesthetized rabbit into a syringe containing 1.5 ml of 3.8% 
(w/v) trisodium citrate and was incubated in a sealed tube at 37°C for 1 h to 
allow time for complete breakdown of any endogenous PGI,. Incubation 
mixtures (0.5 ml) were then constituted as follows: 0.4-ml samples of 
preincubated citrated blood were mixed with 0.5 pmol of IBMX in 0.04 ml 
of 0.154 M NaCl and with 0.02 mi of 0.154 M NaCl with or without y- 
globulin (60 pg) from rabbits immunized against 6-keto-PGF,,, (ref. 10). 
Prostaglandin standards (0-5 pmol) in 0.02 ml of 0.139 M NaCI containing 
9.4mM Na,CO, (PGI) or of 0.154 M NaC! (6-keto-PGE,) were then 
added and exactly 0.1 min later 0.04 ml of the suspension of labelled 
platelets (1-1.5 pCi 3H) was introduced. Incubations were continued for 
0.5 min at 37°C, at which time the reactions were stopped by addition of 
1.0 ml of ice-cold 15% (w/v) trichloroacetic acid and 1,000d.p.m. of 
'4$C.labelled cyclic AMP (28 mCi mmol”', Amersham). Each incubation 
was performed in triplicate. The acidified samples were centrifuged and the 
acid extracts applied to columns (150.7 cm) containing 1.5g alumina 
(WN-3, Sigma) that had been washed with 10% (w/v) trichloroacetic acid. 
The columns were then washed with 9 ml of 10% (w/v) trichloroacetic acid, 
9 ml of water and 2 ml of 0.2 M ammonium formate (pH 6.0) and cyclic AMP 
was eluted with a further 3 ml of 0.2 M ammonium formate*’. The eluates 
were applied to columns containing 1.5 ml (packed volume) of Dowex 50 
resin (Bio-Rad AG 50W-X8, 100-200 mesh, H” form), These columns were 
then washed with 6 ml of 1 mM potassium phosphate buffer, pH 7.3, and 
cyclic AMP was finally eluted in a further 9 ml of the same buffer which was 
lyophilized and counted for °H and '*C by liquid scintillation. After cor- 
rection for the recovery of ‘C-labelled cyclic AMP (50-70%), platelet 
3H-labelled cyclic AMP was expressed as a percentage of the total platelet 
3H, a, log/log plots of the increases in platelet “H-labelled cyclic AMP 
caused by different amounts of PGI, (@) or 6-keto-PGE, (W) present in 
blood samples also containing IBMX. b, *H-labelled cyclic AMP (mean 
values +s.e.m., n = 3) found in labelled platelets incubated with rabbit blood 
containing IBMX and the indicated amounts of PGI, or 6-keto-PGE, either 
without (unshaded) or with (shaded) antibody. The results shown in a and b 
are from different experiments. 
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Table 1 Arterial concentrations of PGI, after intravenous injection of PGI, or 
angiotensin IT 





PGL 
remaining 
Time of PGI, in blood 
measurement Arterial PGI, (% of that 
Compound injected (min) (pmol ml7') injected) 
PGI, (1 nmol per kg) -5 0.06+0.01(4) _ 
+2 1.55 +0,18(4) 7411 
+5 0.19 + 0.02(4) 0.9201 
+10 0.09+ 0.01(4) 0.2401 
Angiotensin II +2 7.55 &0.37(4) — 
(5 nmol per kg) +5 1.53 + 0.37(3) — 
+10 0.26 + 0.03(3) _ 
+30 0.03 + 0.01(3) — 





Values for PGI, are means +s.e.m. of the number of unanaesthetized male 
rabbits indicated in parentheses. The rabbits received single intravenous injections 
of 3~5 pM PGI, ina solution containing 0.139 M NaCl and 9.4 mM Na,CO, or of 
20 uM angiotensin IT in 0.154 M NaCl. Arterial blood (13.5 mf) for measurement 
of the effects of standard amounts of PGI, on labelled platelets (as in Fig. 1a) was 
taken from each rabbit 60-90 min before injection of compound and further 
2.7-ml samples for immediate assay of circulating PGI, were taken at the times 
indicated with respect to injection of compound (from progressively more proxi- 
mal segments of the central arteries of the ears). The per cent of injected PGI, 
remaining in the blood (means +s.e.m.) was calculated on the approximate 
assumption that this compound was homogeneously distributed throughout a 
blood volume of 65 ml per kg. In control experiments, injections of vehicle did not 
affect arterial PGI, levels. Addition of angiotensin II (5-50 pmol) to assays had no 
effect on the increase in platelet "H-labelled cyclic AMP caused by PGI, (2 pmol). 


[6-keto-PGE,] (Fig. 1a); for these regressions 7° usually 
exceeded 0.99. The smallest amount of PGI, added to 0.5-ml 
assay mixtures (see Fig. 1 legend) that significantly increased 
platelet °H-labelled cyclic AMP above the values obtained with 
IBMX alone was 0.02 pmol (average increase 0.009% of the 
platelet °H). With <5 pmol per assay, amounts of 6-keto- 
PGE, four- to fivefold larger than PGI, were required to 
induce equivalent increases in platelet °H-labelled cyclic AMP 
(Fig. 1a). 

The y-globulin fraction from rabbits immunized with 6-keto- 
PGF,,, conjugated to bovine serum albumin has been shown to 
block the inhibition of platelet aggregation by PGI, (ref. 10). We 
found that inclusion of 60 ug of a comparable antibody prep- 
aration in assay mixtures containing rabbit citrated blood pre- 
vented the increases in platelet °H-labelled cyclic AMP caused 
by <0.5 pmol of PGI, and inhibited the effects of 2 pmol of PGI, 
by >90% (Fig. 1b). Antibody to 6-keto-PGF,, also suppressed 
the increases in platelet cyclic AMP caused by <5 pmol of 
6-keto-PGE,. That these actions of the antibody preparation 
were due to its ability to bind PGI,-like compounds rather than 
to a nonspecific effect on platelet adenylate cyclase activity was 
established by the observation that its effects were blocked by 
addition of >100 pmol of 6-keto-PGF,, to the assay. To dis- 
tinguish between PGI, and 6-keto-PGE,, use was made of a 
marked difference in their stability in citrated blood. Assays (for 
example, Fig. 2) showed that the activity of PGI, added to 
citrated rabbit blood (pH 7.6-7.8) decreased exponentially with 
a half life of 9.3 + 0.6 min (mean +s.e.m., n = 6), whereas that of 
6-keto-PGE, declined with a half life of >40 min. 

To measure PGI,-like compounds in circulating rabbit blood, 
2.7 ml was rapidly withdrawn from the central artery of the ear 
into a syringe containing 0.3 ml of 3.8% (w/v) trisodium citrate. 
Citrated blood (0.4 ml) was then pipetted into tubes holding 
0.5 umol of IBMX with antibody (three tubes) and without 
antibody (three tubes). Labelled platelet suspension was added 
immediately and the mixtures (0.5 ml) were incubated for 
0.5 min at 37°C before extraction of °H-labelled cyclic AMP 
(see Fig. 1 legend). All six incubations were completed within 
2.5 min of arterial puncture, so that breakdown of PGI, had 
little effect on the results. The presumptive PGI, present in 
freshly taken blood was calculated from the difference between 
the mean values for the platelet >H-labelled cyclic AMP formed 
in the presence and absence of antibody and that formed in 
preincubated blood from the same animal on addition of stan- 
dard amounts of PGI, and the same preparation of labelled 
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platelets. Assays were performed on fresh arterial blood from 27 
conscious rabbits (New Zealand White, 2.5-3.5kg). The 
observed mean value for the formation of *H-labelled cyclic 
AMP in labelled platelets added to the fresh blood was in each 
case diminished by antibody to 6-keto-PGF,,., but this decrease 
was only statistically significant in 11 individual animals (P< 
0.05, one-sided t-test), indicating that blood concentrations of 
PGI,-like compounds were close to the limit of sensitivity of the 
method. Estimates of the mean arterial presumptive PGI, were 
made using groups of animals and the values obtained after 
correction for dilution by anticcagulant were 0.050+ 
0.007 pmol mi"! in 17 male rabbits and 0.066+ 
0.017 pmol mI“! in 10 female rabbits (means +s.¢.m.), Both 
mean values are significantly different from zero (P < 0.001 and 
<0.0025, respectively, in one-sided ¢-tests), but no significant 
difference between the sexes was detected. As addition of 
antibody did not decrease the cyclic AMP formed when labelied 
platelets were added to blood samples that had been pre- 
incubated at 37°C for 30 min (P > 0.1; t-test, n = 6), the small 
but significant amount of PGI,-like material present before 
preincubation of these samples was probably POI. 

We have also assayed the PGI,-like compounds in rabbit 
arterial blood at various times after rapid intravenous injection 
of PGI, at 1 nmol per kg (Table 1). Approximately 90% of the 
injected PGI, had disappeared from the circulation after 2 min 
and 99% after 5 min. When arterial blood taken 2 min after 
injection of PGI, was incubated at 37°C (see Fig. 2), the 
assayable activity disappeared with a half life of 8.34 0.3 min 
(mean +s.e.m., n = 3), indicating the presence of PGI, rather 
than 6-keto-PGE, in the circulation, Intravenous injection of 
angiotensin II has been shown to lead to the appearance of a 
circulating PGI,-like substance in both cats™” and dogs”’**, We 
have observed the same phenomenon in rabbits; 2 min after 
injection of angiotensin II at 5 nmol per kg, the arterial concen» 
tration of presumptive PGI, reached 7.55 + 0.37 pmol mi”! and 
then declined rapidly (Table 1). The in vitro half life of the 
material present in the circulation after 2 min was 7,4 +0,5 min 
(mean +s.e.m., n = 3), indicating that it was probably PGI, and 
certainly not 6-keto-PGE;. 
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Fig. 2 Stability of PGI, and of 6-keto-PGE, in rabbit blood. Samples 
(0.4 ml) of citrated blood (pH 7.7) that had been preincubated for 60 min at 
37°C were mixed with 2 pmol of PGI, or 5 pmol of 6-keto-PGE,. After 
further incubation at 37°C for the indicated periods, IBMX and labelled 
platelets were added and the increase in platelet *H-labelled cyclic AMP 
measured over 0.5 min. The PGI, or 6-keto-PGE, remaining was calculated 
from the effects of standard amounts of these prostaglandins added to 
samples of the same blood 0.1 min before the labelled platelets (see Fig. 1a). 
Samples of freshly drawn arterial blood from a rabbit injected 2 min pre- 
viously with PGI, at 1 nmol per kg were assayed for PGI,-like activity 
immediately and after incubation at 37°C for 10 and 30 min. The decay of 
PGI, (©), 6-keto-PGE, (A) and of the PGI,-Hke activity present in blood 
after injection of PGI, (@) are plotted on a semi-logarithmic scale, 
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Fig. 3 Inhibition of rabbit platelet function by PGI,. a, ADP-induced 
platelet aggregation. Incubation mixtures (1 ml) comprising 0.85 ml of 
citrated plasma containing 4.25 x 10° platelets and PGI, at the concen- 
trations indicated were stirred for 0.5 min at 37°C in an aggregometer 
(Payton Associates) before addition of ADP. The per cent inhibitions by 
PGI, of the decreases in absorbance caused by 0.75 pM ADP (@) and 2 pM 
ADP (W) after stirring for a further 0.5 min are shown (means +s.e.m., n= 5 
and 6, respectively). Control decreases in absorbance (means +s.e.m.) were 
0.134+0.015 with 0.75 uM ADP and 0.2084 0.019 with 2 uM ADP. b, 
Collagen-induced release of serotonin. Incubation mixtures (1 ml) compris- 
ing 0.8 ml of citrated plasma containing 4 x 10° platelets (labelled by prein- 
cubation with 0.5 uM 'C-serotonin and the indicated concentrations of 
PGI, were stirred for 0.5 min before addition of collagen (50 ng mi™?). After 
stirring for a further 2 min, 0.2 ml of 9% (w/v) paraformaldehyde was 
added, the samples were centrifuged and the release of platelet '“C-sero- 
tonin into the supernatant was measured; this amounted to 572 5% in 
controls without PGI, (n = 6). The per cent inhibitions of release (means 
+s,e.m.) are shown (A). 


To determine whether the small amounts of PGI, normally 
found in rabbit arterial blood could affect platelet function, we 
studied the sensitivity of the aggregation of platelets by ADP 
and of the release of platelet serotonin by collagen to inhibition 
by PGI, in rabbit citrated platelet-rich plasma (Fig. 3). As 
preliminary experiments showed that preincubation with PGI, 
for 0.5 min gave an optimal inhibition, this period was used 
subsequently. With a concentration of ADP that caused maxi- 
mum aggregation (2 pM), an ICso for PGI, of 7 pmol ml” was 
obtained (Fig. 3a), similar to the value reported by Whittle et 
al., Almost the same concentrations of PGI, were required to 
inhibit the release of serotonin by collagen at 50 pg ml” (Fig. 
3b). With sub-optimal doses of ADP, PGI, was more effective 
(Fig. 3a), as expected in view of the ability of ADP to inhibit 
platelet adenylate cyclase’. However, no inhibition was ob- 
served with PGI, concentrations <0.4 pmol ml”. 6-Keto-PGE, 
was approximately one-fifth as effective as PGI, in inhibiting 
ADP- induced platelet aggregation. 

Our experiments show that rabbit arterial blood contains 
trace amounts of a compound that shares three properties with 
PGI,, namely the capacity to activate platelet adenylate cyclase, 
an affinity for an antibody to 6-keto-PGF,,, and lability in whole 
blood. However, the values we have obtained for this presump- 
tive PGI, are one to two orders of magnitude lower than those 
implied by the collagen strip superfusion technique’ or by two 





studies in which 6-keto-PGF,,, levels were measured in rabbit 
serum” and plasma’*. Although the collagen strip method did 
not allow accurate quantitation of circulating PGL, antibody to 
PGI, enhanced the deposition of platelets from rabbit arterial 
blood to about the same extent as infusion of PGI, at 1 ng ml! 
(2.8 pmol ml~'} into venous blood depressed platelet deposi- 
tion’, This suggests that arterial PGI, concentrations of this 
order were present. A possible explanation of the discrepancy 
between these results and ours is that various features of the 
superfusion technique may stimulate PGI, synthesis, for exam- 
ple, the embolization of platelet aggregates from the collagen 
strip into the lungs. Intravenous injection of an air embolus has 
been shown to stimulate the release of PGI, in the cat®. The high 
6-keto-PGF,,, content of rabbit serum’? may reflect synthesis 
of PGI, by white cells from PGH, released by stimulated 
platelets**. Although one group™ has reported a mean 6-keto- 
PGF,. concentration of 0.75 ng ml™ (2 pmol ml!) in rabbit 
plasma, another group’* obtained values for plasma 6-keto- 
PGF,, of less than 0.1 ng ml™ (0.3 pmol mi’). 

We believe our technique provides the most sensitive and 
accurate method yet available for measuring blood PGI,. The 
results obtained show that in physiologically normal rabbits, the 
arterial concentration of PGI, is an order of magnitude too low 
to affect platelet function. Thus, our findings do not support the 
concept, based partly on experiments with rabbits’, that PGI, is 
a circulating hormone that regulates platelet aggregability**. Of 
course, the absence of significant PGI, from the normal circula- 
tion does not preclude its release in large amounts and distant 
action in conditions that provoke its synthesis by a substantial 
fraction of the pulmonary or peripheral vascular bed, as is 
apparently observed after injection of angiotensin II, However, 
in view of the fairly rapid clearance of PGI, from the circulation 
that we and others” have observed, we suggest that the 
synthesis and action of PGI, are most often likely to be part of a 
local response to a local stimulus. Such PGI, synthesis may have 
important functions in limiting the extension of haemostatic 
plugs and thrombi?*”* and in the dispersal of platelet aggregates 
trapped by the lungs and other organs”. 
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An increase in the metabolism of phosphatidylinositol occurs in 
a wide variety of tissues by the action of specific ligands’. In 
platelets, the interaction of thrombin with its receptor initiates 
the degradation of phosphatidylinositol by the action of a 
specific phospholipase C (refs 4-8). In normal conditions of 
stimulation, the resultant 1,2-diacylglycerol is rapidly and 
completely phosphorylated to phosphatidic acid*”’. The 
formation of phosphatidic acid precedes the release of arachi- 
donic acid from the phospholipids of stimulated platelets®. This 
early appearence of phosphatidate might result in the initial 
production of arachidonic acid and lysophosphatidic acid by the 
action of a phospholipase A, specific for phosphatidate™. 
Phosphatidate/lysophosphatidate could induce calcium- 
gating’*""* and subsequently stimulate phospholipases of the 
Azrtype®, that degrade phosphatidylcholine, phosphatidyl- 
ethanolamine and a further fraction of phosphatidylinositol®. 
Alternatively, the lysophosphatidate produced may serve as a 
substrate for the transfer of arachidonate directly from other 
phospholipids'’*’” to form new phosphatidate which in turn can 
release more arachidonate. Overall, such a sequence would be 
equivalent to phospholipase A, activation of other phos- 
pholipids. Our present data indicate that when the release of 
arachidonic acid is completely inhibited by cyclic AMP or 
quinacrine, phosphatidic acid is redirected entirely to phos- 
phatidylinositol and there is no production of arachidonate. In 
these conditions, the availability of calcium might be profoundly 
restricted. The correlation in platelets of a phosphatidylinositol 
by a specific phospholipase A, might suggest that these 
phenomena are applicable to activations in other cell systems. 
Phosphatidylinositol is not the only phospholipid that 
contributes to the production of arachidonic acid in 
stimulated platelets*'°’*. Phosphatidylcholine and phos- 
phatidylethanolamine also release arachidonic acid by the 
action of phospholipase A, activities*. Both lysophesphatidyl- 
choline and lysophosphatidylethanolamine have recently been 
found in stimulated platelets'”"*. In a similar way, lysophos- 
phatidic acid is also produced in intact platelets that have been 


prelabelled with P and stimulated with thrombin (Fig. 1). 


Thrombin is very effective i cin producing phosphatidic acid**'” 
and lysophosphatidic acid” , whereas ionophore A23187 forms 
virtually no phosphatidic acid’ or lysophosphatidic acid (Fig. 
1). Calcium ions enhance the thrombin-induced formation of 
phosphatidic acid as well as of lysophosphatidic acid (Fig. 1). We 
have described elsewhere the existence of a specific phos- 
pholipase A, which is present in platelet 1 membranes and which 
specifically degrades phosphatidic acid'*. This enzyme activity 
(Km 20 uM) is most active at pH 7.0, requires Ca” (10 uM) for 
maximal activity and is inhibited by quinacrine’*: The existence 
and specific properties of this enzyme suggest a possible 
important role in the production of arachidonic acid in stimu- 
lated platelets. This phosphatidate-specific phospholipase A, 
has distinctly different properties from those of the phospho- 
lipases A, that degrade phosphatidylethanolamine and phospha- 
tidylcholine®, as its activity does not depend on the presence 
of detergents, alkaline pH or high concentration of Ca?” 
Phosphatidate is a key intermediate in the‘ ‘phos- 
phatidylinositol cycle’. In this cycle, four consecutive enzyme 
activities are involved in the degradation and resynthesis of 
phosphatidylinositol (phosphatidylinositol-specific phospho- 
lipase C; 1,2-diacylglycerol kinase; CTP-phosphatidate: cytidyl 
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Fig.1 Effect of thrombin and ionophore A23187 on the forma- 
tion of phosphatidic acid and lyosphosphatidic acid in platelets. 
Horse platelets were labelled with °*P-orthophosphate after 
separation from one (550 ml) unit of blbod as described pre- 
viously”*. Platelets were then resuspendediin 10 mi of buffer (134 
mM NaCl, 15 mM Tris-HCI pH 7.4, 1 mM EGTA, 5 mM glucose), 

5 mCi of >’P-orthophosphate were added and the platelets 
incubated at 37°C for 2 h, After centrifugation and resuspension, 
the final concentration of platelets was 1 = 10° per 0.5 mi, which 
was the volume used for the assays. Samples (0.5 mil) were 
incubated with thrombin (T) (1 unit mi~')- or ionophore A23187 
(A) (1 uM) + calcium chloride (3 mM) in both cases, for 10 min at 
37°C. Lipid extraction and chromatographic separation of lipids 
have been detailed elsewhere“. Phosphatidic acid and lysophos- 
phatidic acid were separated by a TLC method which uses oxalate- 

impregnated plates as described before’ 


transferase; CDP-1,2-diacylglycerol-inosito] PERETE 
transferase). To study the effects of calcium on the phosphatidic 
acid and phosphatidylinositol of stimulazed platelets, platelets 
were labelled with **P-orthophosphate and resuspended in an 
EGTA-containing buffer. If those platelets are then incubated 
with quinacrine and stimulated with thrombin, the release of 
arachidonic acid is completely blocked bat phosphatidic acid is 
formed as a consequence of the degradation of phos- 
phatidylinositol®. After an initial period, the label in phos- 
phatidate decreases while the labelling of phosphatidylinasite! 
increases (Fig. 2). This increased conversion of phosphatidate to 
phosphatidylinositol is blocked by the addition of ionophore 
A23187 plus calcium ions (Fig. 2). In this-case, there is a further 
accumulation of labelled phosphatidic acid while the increased 
labelling of phosphatidylinositol is completely blocked (Fig. 2). 
These results indicate that calcium inhibits the resynthesis of 
phosphatidylinositol from phosphatidic acid after thrombin 
stimulation (Fig. 2)'°. In fact, Ca?” has a direct inhibitory action 
on the enzymes involved in the resynthesis process (CTP- 
phosphatidate: cytidyl transferase and COP-1,2-diacylgiycerol- 
inositol phosphatidyl transferase)” These data indicate that: 
the phosphatidylinositol cycle can actively function in the 
presence of quinacrine, which completely blocks the production 
of arachidonic acid from all platelet phospholipids”, Calcium, on 
the other hand, interrupts the phosphatidylinositol cycle and 
phosphatidate accumulates (Fig. 2). 
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Cyclic AMP inhibits the ‘release reaction’ of platelets as well 
as aggregation*. The action of cyclic AMP on platelet enzymes 
has been variously ascribed to the inhibition of the conversion of 
arachidonic acid to cyclooxygenase metabolites”, the produc- 
tion of arachidonic acid from phospholipids?” and the 
formation of phosphatidic acid**. All these actions ultimately 
reduce the production of arachidonate or its conversion to active 
cyclooxygenase products. We previously described the action of 
cyclic AMP in reducing phosphatidic acid to an inhibition of 
phospholipase C’. Further studies now reveal that the phos- 
phatidylinositol cycle is not inhibited by cyclic AMP despite the 
profound reduction in the quantity of phosphatidate produced. 
Figure 3 describes the action of cyclic AMP on the reactions 
related to the increased turnover of phosphatidylinositol in 
platelets prelabelled with **P-orthophosphate. Cyclic AMP 
seems substantially to increase the rate of conversion of phos- 
phatidate to phosphatidylinositol, thereby decreasing the steady 
state concentration of phosphatidate. As we are proposing that 
the production of arachidonic acid might be related to the 
formation of phosphatidate, this could serve as the basis for the 
cyclic AMP-induced inhibition of arachidonate production. In 
the presence of quinacrine, which completely blocks the forma- 
tion of arachidonic acid from various phospholipids®””, throm- 
bin greatly increases the breakdown and resynthesis (turnover) 
of phosphatidylinositol as shown by increased labelling of °P- 
phosphatidylinositol (Fig. 3). These data indicate that the 
integrity of the phosphatidylinositol cycle is maintained in 
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Fig. 2 Effect of ionophore A23187 plus calcium ions on phos- 
phatidylinositol and phosphatidic acid of platelets pretreated with 
quinacrine and thrombin. Platelets prelabelled with °?P-ortho- 
phosphate were obtained as for Fig. 1. Samples (0.3 mi) were 
incubated with quinacrine for 5 min at 37 °C and then thrombin (1 
unit ml7') was added for different periods of time as indicated. 
After 5 min treatment with thrombin, in some assays (---~) 
ionophore A23187 (1 pM) plus calcium chloride (3 mM) were 
added. Other details as for Fig 1. 
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Fig. 3 Effect of thrombin on phosphatidylinositol and phos- 
phatidic acid of platelets pretreated with cyclic AMP or quinacrine. 
Preincubations with quinacrine (0.75 mM) (W) or dibutyryl cyclic 
AMP (1 mM) (A) were for 5 min and thrombin (1 unit ml”) was 
then added for different periods of time as indicated. @, Assays 
containing only thrombin; C, control assays. Phosphatidic acid was 
separated on TLC? and phosphatidylinositol was separated on 
formaldehyde-impregnated paper**, Other details as for Fig 1. 


conditions (cyclic AMP or quinacrine) in which the specific 
release of arachidonic acid induced by thrombin is completely 
blocked. 

The information presented here indicates that calcium 
interrupts the phosphatidylinositol cycle’ and leads to 
accumulation of the intermediate product, phosphatidic acid. In 
stimulated platelets a specific phospholipase A, released 
arachidonic acid from the phosphatidate produced”, with the 
consequent appearence of lysophosphatidic acid. This phos- 
phatidate-lysophosphatidate interconversion might be 
important in the subsequent and specific mobilization of 
arachidonic acid from phosphatidylcholine, phos- 
phatidylethanolamine and phosphatidylinositol®. In thrombin- 
stimulated platelets cyclic AMP enhances the overall turnover 
of the phosphatidylinositol cycle by increasing the rate of con- 
version of phosphatidic acid to phosphatidylinositol, and thus 
inhibits the release of arachidonic acid from various phos- 
pholipids. 
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Derivatives of flavan have been synthesized as chemical inter- 
mediates, but the only reported biological action is the ability of 
certain alkyl and alkoxy derivatives to lower blood cholesterol 
concentrations’. It was therefore surprising to discover that 
flavan itself (Table 1) is a highly effective inhibitor of the 
replication of certain serotypes of rhinovirus, and that a simple 
derivative, BW683C (4',6-dichloroflavan), is the most potent 
antiviral compound yet reported. The present work examines 
the antiviral activity of flavan derivatives with a view to selecting 
the compound most suitable for trial in volunteers infected with 
a common cold virus. 

4' ,6-Dichloroflavan, which is new to the chemical literature, 
has been prepared by methods used for the synthesis of substi- 
tuted flavans*™*. It is a colourless crystalline solid, m.p. 101°C, 
soluble in water only to the extent of 1 mg 1”! at room tempera- 
ture. 

Antiviral activity was detected in vitro by means of plaque 
inhibition tests*’ with monolayers of M-HeLa cells”? infected 
with rhinovirus 1B. Activity was measured by plaque reduction 
assays in which doubling concentrations of compound were 
incorporated into the overlay medium. Plaque counts, expressed 
as a percentage of the control value, were plotted against the 
logarithm of the compound concentration, to yield a dose- 
response line from which the ICs, value could be determined. 
The ICso values for BW683C and several analogues are shown 
in Table 1. Flavan (Re = Ry = H), with an ICs, of 0.046 uM, is 
one of the least active of the compounds tested. The activity is 
genérally increased by the presence of a single halogen substi- 
tuent, and more so by the presence of two chlorine atoms, with 
the most active compound tested being BW683C which, with an 
ICso of 0.007 uM, is some six times more potent than the parent 
compound. The ICs of BW683C was 0.02 uM. 





* To whom correspondence should be addressed. 
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Table 1 Structure~activity relationship of a selection of halogen- 
substituted flavans against rhinovirus type 1B 








Re R4 ICsolu M} 
H H 0.046 
F H 0.020 
Cl H 0.050 
Br H 0.019 
H F 0.018 
H cl 0.039 
H Br 0.036 
F F 0.068 
cl Ci 0.007 
Br Br 6.010 
I I 0,043 





For any agent to be effective in the prophylaxis or treatment of 
the common cold, it must be active against a high proportion of 
rhinovirus serotypes. There are at least 89 serotypes, the most 
prevalent being 1A, 1B, 2, 4, 15, 29, 30 and 31 (ref. 10). Koen 
values were obtained for BW683C against 19 serotypes (Table 
2). Seven of the eight most prevalent serotypes were inhibited, 
although they varied considerably in sensitivity. The sensitivity 
of the other 11 serotypes was also variable, but was sufficient to 
suggest that the compound may be clinically useful. 

In tissue culture tests 4’,6-dichloroflavan did not inhibit the 
replication of other RNA viruses, including bunyavirus, 
coronavirus, equine rhinovirus, influenza virus (NWS strain), 
measles virus, poliovirus (Sabin 1), Semliki Forest virus, Sindbis 
virus and respiratory syncytial virus. It also failed to inhibit the 
DNA viruses adenovirus type 5 and herpesvirus type 1. 
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Fig. 1 Tissue concentrations of BW683C determined by gas- 
liquid chromatography. Tissue homogenate (1 ml) was mixed with 
0.5 ml ethylene glycol/water/2 M citric acid (2:2:1) and 3 mi 
hexane. The mixture was shaken for 30 min and centrifuged. The 
hexane layer was collected and mixed with 1 ml of a mixture of 
ethylene glycol/1 M NaCO, (1:9), shaken again and centrifuged. 
The upper layer was collected, dried in a stream of Nz and the 
residue was dissolved in a small volume of toluene. 








© 1981 Macmillan Journals Let 


370 


Nature Vol. 292 23 July 1981 








Table 2 Sensitivity of rhinoviruses to BW683C 





Serotype ICso (uM) Serotype ICso (uM) 
1A* 0.013 13 0.66 
1B* 0.007 14 Inactive 
2* 0.04 15* 0.17 
3 10.10 16 0,02 
4* Inactive 18 0.29 
5 Inactive 19 0.81 
8 8.00 21 1.70 
9 0.011 29* 0.008 

12 0.15 30* 52.00 
31* 0.013 


* Serotypes described by Roebuck”? as common. 


Preliminary studies were carried out on the absorption and 
tissue distribution of 4',6-dichloroflavan in rats after its 
administration at 5 mg per kg by gavage as a suspension of finely 
ground particles in aqueous methylcellulose. Samples of plasma 
and selected tissues were collected at intervals up to 7.5 h after 
dosing, and unchanged compound was determined by analysis of 
tissue extracts by gas-liquid chromatography with electron 
capture detection or by specific ion monitoring using a mass 
spectrometer. Highest concentrations were found in liver (Fig. 
1); peak concentrations of ~7.3 uM, some 350 times the ICoo, 
were observed at 0.5h, and these declined rapidly. Concen- 
trations of compound well in excess of the [Coo value were also 
detected in plasma, lung, brain and adipose tissue, and the time 
of peak compound concentrations in lung samples seemed to 
occur between 2 and 4 h after dosing; compound concentrations 
in excess of the ICgo level could still be found in lung 7.5 h after 
dosing, These results indicate that 4’,6-dichloroflavan is 
adequately absorbed from the gastrointestinal tract, and that 
compound concentrations well above those required for maxi- 
mum antiviral activity in vitro can be attained at doses as low as 
5 mg per kg. The apparent persistence of this compound implies 
that infrequent administration may suffice to maintain effective 
antiviral concentrations in vivo. The above findings were 
supported by autoradiography of rats, which received °H- 
BW683C as an aqueous suspension by gavage, and were killed 2 
or 4h later. 

When BW683C was added to HeLa cells in culture no cyto- 
toxic effects were observed at drug concentrations up to 3.6 uM, 
the limit of aqueous solubility and many times the IC and ICs 
values determined with rhinovirus 1B. In the rat, the LDso after 
subcutaneous administration was ~300 mg per kg; animals 
showed no ill effects after oral administration at doses up to 1 g 
per kg or intraperitoneal administration at doses up to 700 mg 
per kg. BW683C showed no evidence of mutagenicity when 
tested in the presence or absence of a liver microsome pre- 
paration by the method of Ames"’. 

Preliminary studies showed that BW683C interacted directly 
with virus, reducing infectivity by about 0.5 log unit, but it was 
not a typical contact inactivator because inactivation did not 
increase with time. The possibie binding of compound to virus 
particles was investigated by mixing tritiated compound with 
virus and centrifuging the mixture through a 15-45% sucrose 
gradient; radioactively labelled compound was found in the 
virus peak. 

In a time-of-addition study, the compound was added at 
hourly intervals throughout a single growth cycle of rhinovirus 
1B in M-HeLa cells. Maximum antiviral activity was obtained 
when the compound was added to the culture at the same time as 
the virus. Although some antiviral activity was observed when 
addition was delayed for 1 h or longer, it was no greater than that 
obtained by adding compound at the end of the cycle. 

Further experiments with *H-uridine-labelled virus indicated 
that the compound does not interfere with adsorption of the 
virus to the cell, nor with the uncoating or entry of the viral RNA 
into the cell. However, viral RNA synthesis was inhibited by the 
presence of the compound. BW683C therefore seems to bind to 


the virus and to inhibit some stage of viral replication immedi- 
ately following entry of the viral RNA into the cell. 

We thank Mr C. J. Bradley for technical assistance, Mr D. 
Farebrother for the autoradiography and Dr W. B. Moore for 
performing the Ames test. 
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In our studies on the regulation of the expression of the genes for 
the biosynthesis of arginine and pyrimidines in Escherichia coli, 
we discovered that an aspartate carbamoyltransferase 
(ATCase) synthesized in vitro from our A transducing phage 
AOTC3 lacked substrate cooperative interactions and was 
insensitive to feedback inhibition by CTP. We show here that 
these abnormal properties result from a mutation in the gene for 
the regulatory polypeptide chain of ATCase. We believe this to 
be the first report of a mutation in the gene for this regulatory 
chain. 

ATCase catalyses the first reaction specific to pyrimidine 
biosynthesis, the formation of N-carbamoyl-L-aspartate from 
L-aspartate and carbamoylphosphate. In Æ. coli, ATCase 
activity is modulated by feedback inhibition by CTP, the end 
product of the pyrimidine pathway, and activation by ATP, 
product of the parallel purine pathway’. Because E. coli ATCase 
exhibits the various types of regulatory interactions charac- 
teristic of allosteric proteins, it has been considered a model 
system and has become the most extensively investigated 
regulatory enzyme’?. It differs, however, from most other 
allosteric proteins in that its catalytic and regulatory functions 
can be physically separated. Native ATCase, with a molecular 
weight (MW) of 300,000, consists of two trimeric subunits which 
possess catalytic activity but are insensitive to the allosteric 
effectors and three dimeric subunits which are catalytically 
inactive but bear the effector binding sites**. Thus, the 
completely different catalytic (C) and regulatory (R) chains 
(respective MWs 34,000 and 17,000) form a 2C; : 3R; structure. 
Zn’* ions, one per regulatory chain, are required to stabilize this 
quaternary structure’. l 

The zinc-binding domains on the regulatory subunits parti- 
cipate in the R:C bonding domains essential for the allosteric 
interactions’. The gene pyrB coding for the catalytic chain of 
ATCase lies at 96 min on the E. coli chromosome''”’, but the 
localization of the gene for the regulatory chain has been 
hampered by the failure to obtain mutations affecting this gene. 
However, a thorough investigation of their biosynthesis’?”* 
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Fig. 1 Analysis of aspartate carbamoyltransferase (ATCase) 
from strain PR7 by gel filtration on a column of Sephadex G-200. 
A 1-ml sample (containing 1,200 units and 10 mg protein) of crude 
extract of PR7 cells grown on minimal medium and extracted as 
described previously“??? was filtered on a 2.5 x 40-cm column of 
Sephadex G-200 equilibrated with 50 mM potassium phosphate 
buffer (pH 7.5). Elution was performed using the same buffer and 
1.5-ml fractions were collected. E. coli and Streptococcus faecalis 
ornithine carbamoyltransferase (OTCase), exhibiting respective 
apparent MWs of 140,000 and 250,000 (ref. 23), were used as 
protein markers for calculating ATCase molecular weight. 
ATCase activity was determined by measuring the formation of 
'4C.carbamoylaspartate from ‘4C-carbamoylphosphate. The 
complete (600 u1) assay mixture containing 50 mM Tris-acetate 
(pH 8.0), 20mM_ L-aspartate, 5mM ‘C-carbamoylphosphate 
((0.03 mCi mmol” ') and enzyme sample was incubated at 37 °C for 
15 min. The reaction was stopped by the addition of 400 ul 0.25 M 
trichloracetic acid. After 5 min boiling to destroy the non-reacted 
carbamoylphosphate, 14CO;, formed was eliminated by bubbling 
air for 5 min. A 0.5-m] sample was counted in a model LS-100 
Beckman liquid scintillation spectrometer in the presence of a 
scintillation cocktail containing 4 parts of Triton X-100 to 6 parts 
of a solution containing 0.5% 2,5-diphenyloxazole and 10% 
naphthalene in dioxane. A blank obtained by omitting the enzyme 
sample was subtracted from the results. OTCase was assayed as 
described previously”. Units of enzyme activity are umol of 
product formed per h. @, ATCase activity, O, OTCase activity. 


suggested the existence of an operon encoding both types of 
ATCase chains in the order catalytic first and regulatory next. 
Moreover, in Salmonella typhimurium, which has a very similar 
ATCase'*, pyrB deletions have been found to produce no 
detectable regulatory subunit’®. The present study characterizes 
a A transducing phage carrying the genetic determinants of an E. 
coli ATCase with modified regulatory subunits. This establishes 
the proximity of the genes encoding both types of chain. In 
agreement with this conclusion, the pyrB region of E. coli was 
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cloned recently as a 2,800-base pair DNA fragment encoding 
both subunits of ATCase (J. R. Wild & G. A. O'Donovan, 
personal communication). In agreement with Wild er al. (see 
accompanying report)’’ in the presen: study we reserve the 
designation pyrB for the gene encoding the C chain of ATCase 
and use the symbol pyrI for the R chain of this enzyme. 

A Bacteriophages transducing the contiguous E. coli genes 
argl (encoding ornithine carbamoyltransferase) and pyrB’* 
have been used as a source of template DNA for in vitro 
synthesis of ATCase’, However, the erzyme synthesized using 
one of these DNA sources, AOTC3, was insensitive to CTP 
inhibition and exhibited hyperbolic aspartate saturation curves. 
Accordingly, bacteriophage AOTC3 was introduced into strain 
KMBLI1510 G4, a thermoresistant derivative of strain 
KMBL1510 (F` pyrB::Mu-1 cts62) that produces no detect- 
able amount of either ATCase subunit (G. Hervé and B. Perbal, 
personal communication). 

ATCase activity in the resulting strain PR7, was only slightly 
sensitive to CTP and lacked cooperative interactions with 
aspartate. When cell extracts of strain PR7 were submitted to gel 
filtration on a column of Sephadex G-2(0 (Fig. 1), two ATCases 
were observed with respective MWs of 300,000 and 100,000. 
Using the same experimental conditions, practically all the 
ATCase activity of a wild-type strain for this enzyme was 
present as a single activity peak with a MW of 300,000, and 
negligible amounts as the 100,000 MW species. Both ATCase 
forms of strain PR7 exhibited hyperbclic aspartate saturation 
curves (Fig. 2b, c), the half-saturation concentration of the 
larger form ([S]o.s = 6.5 mM) being significantly lower than that 
of the smaller form ([S]os =23 mM). Whereas the larger 
ATCase of strain PR7 exhibited a reduced response to CTP and 
ATP, the smaller ATCase of this strain was totally insensitive to 
these effectors. 

Comparison of the two ATCases of PR7 with the wild-type 
holoenzyme and its catalytic subunit (Table 1) suggested that the 
smaller ATCase (trimeric C,) was identical with the wild-type 
catalytic subunit. The larger species corresponded to a 300,000- 
MW holoenzyme formed from this same catalytic subunit asso- 
ciated with a modified regulatory subumit. This interpretation is 
supported by the following experiments. (1) Treatment of the 
larger ATCase from PR? with p-hydroxymercuribenzoate” 
yielded a smaller ATCase (MW 100,009) having all the proper- 
ties of the wild-type catalytic subunit. (2) A single ATCase 
species (MW 300,000) displaying sigmoidal aspartate saturation 
and effector responses similar to those of wild-type ATCase 
(Table 1 and Fig. 2a, d) could be reconstituted by combining the 
catalytic trimer of strain PR7 with purified wild-type regulatory 
subunit. (3) A similar reconstitution could be achieved in vivo by 
introducing the phage AOTC3 into strain 3080U4 Hir thi pyrB) 
harbouring a missense mutation in the pyrB gene but producing 
normal regulatory chain (Fig. 2e). These results indicate that 
phage A0TC3 encodes a wild-type catalytic ATCase chain and a 
modified regulatory chain. 

The precise nature of the modification affecting the regulatory 
chains of ATCase remains to be determined, Nevertheless, 
heteroduplex analysis (not shown) of phage AOTCS indicates 


Table 1 Comparison of aspartate carbamoyltransferases (ATCases) used in the present study 





ATCase Wild-type Wild-type 

species (native) (catalytic subunit) 
Molecular weight 300,000 100,000 
Subunit structure 2C3:3R, C3 
Aspartate kinetics Sigmoidal Hyperbolic 
[S]o.s value for aspartate 18mM 25mM 
CTP inhibition* 17% No effect 
ATC activation* 360% No effect 


Reconstituted holoenzyme 


Modified Modified (PR? catalytic + wild-type 
(larger MW) (smaller MW) regulatory subunits) 
300,000 100,000 300,000 
2C3 : 3R3 Cy 2C :3R, 
Hyperbolic Hyperbolic Sigmoidal 
6.5 mMt 23 mMt 14mM 
11% No effect 38% 
38% No effect 256% 





The [S]o.s value was determined at pH 8 as described in Fig. 1 legend. 


* Inhibition by 2 mM CTP and activation by 5 mM ATP in the presence of 5 mM aspartate. 
+ [Sos values calculated from Lineweaver-Burk plots of the data from Fig. 2b, c. 
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that the modified gene lies at the extremity of a 7,300-base pair 
chromosomal segment inserted into the phage genome. It is 
therefore possible that a short 3’-terminal portion of the gene 
has been deleted during the formation of phage AOTC3. This 
hypothesis is being evaluated by cloning and sequencing the 
modified regulatory gene. Interestingly, the C-terminal end of 
the regulatory chain with its zinc-binding sites lies at the inter- 
face between the regulatory and catalytic chains’. Even short 
3'-terminal deletions affecting the regulatory chain may thus 
impair the R:C binding domain. This might be the case for the 
modified ATCase encoded by A 0TC3 which, as suggested by the 
presence of two ATCase forms in extracts of strain PR7, may be 
impaired in holoenzyme assembly, 

Further work is being done on the purification and charac- 
terization of the heavy ATCase species encoded by AOTC3. A 
detailed analysis of this unusual enzyme and its comparison with 
the wild-type enzyme may be vital for determining the role of 
the R:C domain of bonding in the allosteric interactions of 
ATCase. For example, it will be of interest to investigate 
whether the modified regulatory subunits have altered proper- 
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Fig. 2 Aspartate saturation curves of various aspartate 
carbamoyltransferase (ATCase) species analysed here. a, ATCase 
from wild-type strain P4X (Hfr P4X metB); b, holo ATCase peak 
of strain PR7; c, catalytic ATCase peak of strain PR7; d, ATCase 
reconstituted from the catalytic subunit of ATCase of PR7 and 
wild-type regulatory subunits; e, ATCase of the strain obtained by 
introducing the phage AOTC3 into strain 30S0U4 (Hfr thi pyrB) 
harbouring a missense mutation in the pyrB gene but producing 
normal regulatory chains. Reconstruction was achieved by mixing 
equimolar amounts of the two kinds of subunits in the presence of 
0.2 mM zinc acetate, 10 mM 2-mercaptoethanol and 50 mM K- 
phosphate (pH 7.5) as described by Cohlberg et al.”, After incuba- 
tion for 30 min at 37°C, the mixture was filtered on Sephadex 
G-200 as in Fig. 1 and the newly formed 300,000-MW ATCase 
peak was collected and analysed. All ATCase assay conditions 
were as for Fig. 1. Relative activities are normalized to the activity 
measured without effector in the presence of 50 mM aspartate. @, 
In the absence of allosteric effector; ©, in the presence of 5 mM 
ATP; V, in the presence of 2 mM CTP. 


ties towards zinc. Although the ATCase distribution shown in 
Fig. 1 could not be modified following growth in the presence of 
high Zn’ concentrations, preliminary experiments suggest that 
reaggregation of the two kinds of subunits of strain PR7 can be 
promoted in vitro provided that a high enough Zn?” concen- 
tration is present. 

We thank Dr Guy Hervé for the gift of pure native ATCase 
subunits, and Drs Guy Hervé, Bernard Perbal, Gerard A. 
O’Donovan and James R. Wild for helpful discussions and 
suggestions. This work was supported by a grant of the Fonds de 
la Recherche Fondamentale Collective-Fonds voor Kollektieve 
Fundamenteel Onderzoek to A.P. and N.G. 
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We describe here a mutation in the gene encoding the catalytic 


produces an enzyme 
enzyme (2C;:3R,) and catalytic trimer (C;) but which shows 
neither cooperative substrate kinetics nor nucleotide effector 
respouse. Furthermore, the holoenzyme assembly seems quite 
tants int in that the enzymatic activity is recovered only partially as 
holoenzyme following growth of Escherichia coli ta the 
presence of zinc. In contrast, the enzyme from wild-type E. coli 
strain E63 is recovered almost entirely in its dodecameric form 
in identical conditions. The gene encoding the mutant pyrB was 
isolated from a Adarg!‘pyrB* transducing phage (obtained 
from N. Glansdorff). This mutation differs from other 
reported mutations affecting the catalytic in that 
siguificant catalytic activity is retained but homotropic and 
hoterotropic commantication is lost’. i 
A 6.0-kilobase fragment was isolated from purified ADNA‘, 
restricted with the endonuclease Pst] (Bethesda Research 
Laboratory)’, and cloned on to plasmid pBR322 (ref. 6). The 
recombinant plasmid pPB-h204 (plasmid—pyrimidine-B 
cistron—holoenzyme-strain 204) was transformed into E. coli 
WR38, which contains a Mu insertion’ in the chromosomal pyrB 
and does not produce catalytic or regulatory polypeptides as 
determined by immunoassay with specific antisera -(W.D.R., 
unpublished observations). This plasmid encodes both the 
catalytic (pyrB) and’ the regulatory (pyrI) polypeptides of 
ATCase. [A mutation in the cistron encoding the regulatory 
polypeptide is described in the accompanying report by Feller et 
. The cistron is designated pyr in agreement with Bachmann 
es communication).] The synthesis of ATCase in the 
transformed strain, WR38-h204, is repressed by growth in 
uracil, so that the cloned fragment contains the operator- 
promoter region as well as both ATCase cistrons. The catalytic 
activity recovered from this strain is distributed as ~40% holo- 
enzyme with a molecular weight (M,) of 300,000 and 60% as the 
catalytic trimer with a M, of 100,000. Both forms of ATCase 
from this mutant lack cooperative homotropic kinetics for 
aspartate, do not respond to the allosteric effectors ATP and 
CTP, and seem to have altered affinities for aspartate. 
ATCase is the archetype of allosteric enzymes because: (1) 
both its substrates, carbamoyl phosphate and aspartate, produce 





Table 1 ATCase holoenzymes from wild-type E. coli strain E63 and mutant 





E. coli strain WR38-b204 
Wild-type Mutant 

Ss (mM aspartate) 5.5 mM 2.0-2.5 mM 

% Activity +CTP 21% 97% 
% Activity + ATP 166% 105% 
ATCase activity at pH 7.0 31 0.51 
ATCase activity at pH 8.4 
Shape of vetocity-substrafe curve Sıgmoidal Hyperbolic 





ATCase assay mixtures of 2.0 ml volume contained 40 mM 
phate, pH 7.0, 3.6 mf diHthium carbamoyl phosphate, pH 7.0, argent 
aspartate, pH 7.0, for the wild-type and 2.5 mM for the mutant (approximate [S] s 
values), and enzyme (holoenryme fractions of G-200 eluate, Fig. 2). CTP or ATP 
was absont from control tubes and present at a concentration of 2mM when 
inhibition (CTP) or activation (ATP) was measured. The control activity, that is, 


carbamoyl aspartate proportional 
time. The value obtained for the ratio of ATCase specific activity at pH 
7.0/ ATCase specific activrty at pH 8.4 may be usod as an index for the presence or 
bermeen catalytic sitos for aspra o biodag ade 
A ratio of <1.0 signifies the abscnce of 
cooperative homotropic interactions, Frac- 
tions fram beneath the halocnryme peak (Fig. 2) were need to estimate this ratio. 


positive homotropic interactions between catalytic sites as evi- 
denced by the s sigmoidal dependence of activity on substrate 
concentrations™’’, (2) substrate binding is subject to positive 
heterotropic interactions between catalytic and regulatory sites 
in the presence of ATP and negative heterotropic interactions 
with CTP, and (3) the binding of CTP is subject to negative 
homotropic interactions between the regulatory sites’’. 
Moreover, ATCase is unusual among allosterically regulated 
enzymes, in that, as with yeast phosphofructokinase’®, the 
regulatory protein is distinct and can be physically dissociated 
from the catalytic subunit. The assembly of the enzyme is a 
cytoplasmic event’? which produces a dodecamer with six 
regulatory and six catalytic polypeptides (rec) associated as two 
separable catalytic trimers and three regulatory dimers’*’*. The 
holoenzyme may be reversibly dissociated by mild treatment 
with mercurials such as p-chloromercuribenzoate* or neo- 
hydrin”’, The catalytic subunit (cs) is insensitive to allosteric 
effectors, possesses a half-saturation concentration (Shs) 
higher for aspartate than the holoenzyme (8-10 mM compared 
with 5 mM) and produces a Vma: that is two- to fourfold higher’. 
The separate regulatory subunit (r1) has no catalytic activity 
although ATP and CTP may still be bound”. On reassociation 
of the holoenzyme after removal of the mercurial by zinc 
replacement dialysis in the presence of dithiothreitol, the orig- 
inal catalytic and regulatory properties of the native enzyme 
are re-established”. 

ATCase was prepared from E. coli wild-type strain E63 and 
the transformed mutant strain WR38-h204 by the methods of 
Wild et al.”. Several pertinent properties of the wild-type and 
mutant ATCases are compared in Table 1. We must emphasize 
three points regarding these data. (1) The mutant ATCase is not 
subject to allosteric regulation by either ATP or CTP at subsat- 
urating concentrations of aspartate (1-5 mM). Minimal effector 
response was observed when velocity-substrate plots were 
examined over the range of 0.5 mM to 50 mM aspartate (<5% 
variation throughout the range). As noted by Gerhart™, such 
effects are due only.to the direct competition for any phosphate- 
containing compound. (2) The apparent [Sh for aspartate of 
the mutant enzyme is significantly lower (2.0-2.5 mM) than the 
wild-type requirements (5.5 mM). (3) The homotropic kinetic 
responses of the mutant enzyme are dramatically reduced or 
abolished in the mutant enzyme as shown by the lack of sig- 
moidal dependence of activity on aspartate concentration (Fig. 
1) even when plotted according to Eadie—Hofstee** (see insert 
Fig. 1). Thus, there is no apparent cooperativity from 0.5 to 
10 mM (20% to fivefold [Sh.s, respectively). In addition, the 
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ratio of ATCase activity at pH 7.0 and 8.4 may be used as an 
index of the presence or absence of homotropic interactions 
between catalytic sites as first described by Kerbiriou and 
Hervé". A ratio of <1.0 signifies the absence of cooperativity 
and is always found for the catalytic subunits alone, whereas a 
ratio of 22.0 reflects cooperative homotropic interactions’’. We 
have verified these observations in similar experiments (K.F.F. 
unpublished observations). By this criterion, the ATCase from 
strain WR38-h204 seems to lack cooperativity. 

Figure 2 shows an analysis of the M, values of the ATCases 
from mutant and wild-type enzymes in the presence of zinc. A 
single large molecular weight form (~300,000) was observed 
from the wild-type extract. In contrast, more than half of the 
enzymatic activity from the mutant extract was observed as a 
smaller component (M, ~100,000) which corresponds to the 
wild-type catalytic trimer. We have shown previously that all 
native ATCase from the enteric bacteria grown in sufficient zinc 
(20 uM) studied thus far are recovered entirely as holoen- 
zyme”’, Only when zinc becomes limiting or there is an assembly 
defect can the catalytic trimer be recovered from cell-free 
extracts. 

The following evidence suggests that these differences are 
consequences of an altered catalytic subunit. (1) The catalytic 
trimer from the mutant enzyme shows increased affinity for 
aspartate compared with the catalytic trimer ((S]).; of 5 mM 
aspartate compared with 8-10 mM) of the wild-type enzyme. (2) 
The M, values of the catalytic trimers are indistinguishable, but 
they form clearly different holoenzymes when reconstituted 
with wild-type regulatory dimers (Table 2). The holoenzyme 
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Fig. 1 Aspartate saturation curves for ATCase holoenzyme and its cataly- 
tic trimers from Æ. coli mutant strain WR38-h204. Enzyme samples were 
prepared as reported previously”*. Assay mixtures were as described in 
Table 1 legend except that the aspartate concentration was varied from 
0.5 mM to 50 mM as indicated on the abscissa. CTP or ATP was absent from 
control tubes and present at 2mM when inhibition (CTP) or activation 
(ATP) was measured. For the above comparisons initial rate values were 
normalized as described below. a, Velocity-substrate plots for aspartate of 
the ATCase holoenzyme (©) and its catalytic trimer (C) from the mutant. 
The maximum velocity for the catalytic trimers was set at 100 on the ordinate 
scale for convenience. 6, Velocity~substrate plots for aspartate of the 
ATCase holoenzyme from the mutant in the absence of the effectors (@) and 
in their presence: CTP (A) or ATP (W). 
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Fig.2 Analysis of ATCase from E. coli wild-type E63 and mutant WR38- 
h204 by gel filtration on a G-200 Sephadex column; 1 ml, containing 
~20 mg protein, of the appropriate cell-free extract was applied to the 
G-200 column, equilibrated previously with 40 mM potassium phosphate 
buffer pH 7.0, 0.1 mM dithiothreitol and 0.02 mM zinc acetate. The equili- 
bration mixture was also used for elution. Individual fractions (abscissa) 
were assayed for ATCase by a spot assay. This differed from the usual assay”? 
in that the final reaction volume was reduced from 2.0 ml to 0.2 ml and 
30-50 mM aspartate was used, The ordinate gives absorbance at 466 nm, the 
wavelength for monitoring ATCase. A single wild-type peak (O) and two 
mutant peaks (@) are seen. 


formed from wild-type regulatory dimers and mutant catalytic 
trimers has a M, of ~300,000, but its regulatory and catalytic 
properties are those of the original mutant enzyme. 

We have shown that a mutation in the pyrB gene, encoding 
the catalytic polypeptide of ATCase, can affect the homotropic 
and heterotropic interactions of the enzyme while maintaining 
catalytic activity. The reconstitution experiments with normal 
regulatory subunits purified from the native enzyme and cata- 
lytic subunits from both the mutant and wild-type strains prove 
that the catalytic polypeptide of the ATCase from strain WR38- 
h204 is altered. It is surprising that a mutation in the cistron 
encoding the catalytic polypeptide can affect such a wide range 
of enzymatic properties without completely disrupting the 


Table 2 Catalytic trimers of ATCase from wild-type and mutant E. coli strains 
and their reconstituted holoenzyme derivatives 





Wild-type Mutant 

M, for c3 85,000--100,000 85,000--100,000 
[Slos aspartate for c, 8-10 mM 5 mM 
M, for holoenzyme 280,000~300,000 280,000-300,000 
[S]o.s aspartate for 

holoenzyme 5.5 mM 2.0 mM 
% Activity in 2 mM CTP 20 86-95 
% Activity in 2 mM ATP 160 97-105 





Reconstitution experiments were performed as follows. Catalytic subunits from 
the wild-type and mutant strains were mixed individually with excess of wild-type 
regulatory subunits and concentrated on an Amicon ultrafiltration system (PM-10 
membrane) in the presence of 40mM potassium phosphate buffer, pH 7.0, 
0.2 mM zine acetate, 2.0 mM dithiothreitol and 20 pM EDTA. The reconstitution 
of holoenzyme with both wild-type and mutant catalytic trimers was almost 100%. 
Effector response was measured exactly as described for Table 1. The effector 
response was determined at the appropriate [S], s for each enzyme (that is 5 mM or 
2.5 mM). Molecular weights were estimated using Sephadex G-200 ascending flow 
column chromatography. Standards used in column calibration were: RNase A, 
M, 13,700; chymotrypsinogen A, 25,000; ovalbumin 45,000; aldolase 158,000, 
ATCase holoenzyme from E. coli 300,000; Blue Dextran 2000, 2x 10°. These 
standard enzymes (5-20 mg of each, except ATCase) were prepared in a 2.0-ml 
volume of 40 mM potassium phosphate, pH 7.0, with 0.02 mM zinc acetate, 
0.1 mM dithiothreitol, and applied to the column. The elution profiles of the 
various proteins were determined by monitoring absorbance at 280 nm, ATCase 
was used separately to verify the accuracy of the column at higher molecular 
weights. Catalytic and regulatory subunits from the wild type were prepared as 
described previously". The catalytic subunit from the mutant was obtained from 
appropriate Sephadex G-200 column fractions (Fig. 2). 
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catalytic capabilities of the enzyme. This mutation should be 
compared with that affocting the regulatory polypeptide 
described by Feller et al.* in the. accompanying report. It is 
striking that the holoenzyme assembly is apparently deficient in 
both mutants, one affecting the catalytic sununit and the other 
the regulatory subunit. 

.. One final observation regarding the catalytic mutation seems 
pertinent. Examination of the kinetic characteristics (Fig. 1) of 
the‘ mutant (with or without ATP added) revealed that they 
approximate the wild-type enzyme in the presence of ATP. 
Indeed, the high affinity exhibited by the mutant holoenzyme for 
aspartate suggests t that the mutant ATCase may be frozen in its 
activated R state”. The present data suggest that strikingly 
` similar characteristics can exist for two independent mutations 
in either the catalytic or regulatory cistrons of ATCase. 
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helical repeat of DNA in solution 
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Considerable progress has recently been made on the fine 
structere of DNA. X-ray diffraction studies of crystals of oligo- 


lettdeahded'Z- type helices: Tii contrast to tho well developed 
. methology for crystal structure determination, few methods of 
kigh precision and low ambiguity are available for studies of 


DNA in solution. Here we report the application of the band- . 


shift method developed: in this laboratory’ to the 
determination of the dependence of the DNA helical repeat in 
solution on its uucleotide sequence. i 
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Fig. 1 Sequences of homopolymer tract inserts. Clones were 
initially screened for insert sizo by following the restriction 
endonuclease Hae II digest on a 6% polyacrylamide gel. For DNA 
sequencing, the insert containing the Alul-generated 
fragment was isolated, end-labelled, and sequenced after strand 
separation according to the procedures of Maxam and Gilbert”. In 
most cases both strands were sequenced. No changes in plasmid 
-soquence were observed outside the Pril site. 


The principle of the bund-shift method has been reported 
elsewhere’. Note that the helical repeat, A°, obtained from the 
band-shift method.is the number of base pairs of the sequence 
inserted that.will increase the average Hnking number of the 
DNA in its relaxed state by one. In cases where the insert does 
not have an intrinsic spatial writhe, 4° is also identical to the 
number of base pairs that forms a complste helical turn. 

In addition to the absolute magnitudes of the helical repeats of 
different sequences, the band-shift method gives the relative 
handedness of the helices. We shall make the generally accepted 
assumption that a double-stranded DNA of typical sequence is a 
right-handed helix in solution. The band-shift method then 
provides directly the handedness of the inserted helical seg- 
ments as well. 

To extend the band-shift method to the determination of the 
helical repeats of DNAs of defined sequences, families of 
covalent ‘closed circular DNAs containing inserts of these 
sequences of known lengths are needed. The method used to 
insert homopolymer tracts of various lengths into the Psd site of 
pBR322, a plasmid with known nucleotide sequence”, involved 
tailing with terminal transferase and one af the deoxynucleoside 
triphosphates’, On digestion with restriction endonuclease 
BamHI, preparative gel electrophoresis allowed isolation of the 
desired fragments. The appropriate pairs of DNA fragments 
thus obtained were ligated together with T4 polynucleotide 
ligase and competent Escherichia coli cells were transformed. 
The nucleotide sequences in the regions containing the inserts 
are given in Fig. 1. In several cases, at the junctions between the 
plasmid DNA and the homopolymer inserts, a few unexpected 
base changes occurred. These changes were probably due to a 
low level of 3'+5' exonuclease activity in the calf thymus 
terminal transferase used in the construction of these plasmids. 

An example of the gel electrophoretic patterns of several 
DNA samples relaxed in identical conditions is shown in Fig. 2a; 
lane 9 illustrates the band pattern observed when a single DNA, 
that of plasmid pLP222, is present. In lene 8, a second DNA 
(pLP219) shorter than pLP222 by three GC base pairs (bp) is 
mixed in. It can be readily seen that the band pattern of the 
longer plasmids shows a relative upward shift of ~ 0.3 times the 
interband spacing between topoisomers, 

The set-of covalently closed DNA samples prepared are all 
positively supercoiled in electrophoresis conditions’?, thus the 
faster migrating topoisomers have higher linking numbers than 
the slower migrating ones. Therefore an upward shift (that is, a 
reduction in the distance migrated) by 0.3 times the interband 
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Table 1 Helical repeats of (dA), © (dT), and (dG), « (dC), 





Linking 
Length Shift Corrected difference Calculated h? 
DNA pair difference observed shift deduced {bp per turn) 
(bp) 
(dA), * (dT), inserts pLP140/pLP144 4 0.44 0.42 0.42 10 
pBR322/pLP119 19 0.00 0.91 1.91 9.9 
pLP119/pLP140 21 0.15 0.05 2.05 10.2 
pLP119/pLP144 25 0.59 0.47 2.47 10.1 
pBR322/pLP140 40 0.15 0.95 3.95 10.1 
pBR322/pLP144 44 0.59 0.37 4.37 10.1 
(dG),, © (dC),, inserts pLP219/pLP222 "3 0.28 0.27 0.27 11 
pLP219/pLP225 6 0.59 0.56 0.56 11 
pLP225/pLP234 9 0.88 0.84 0.84 11 
pLP222/pLP234 12 0.18 0.12 1.12 10.7 
pLP219/pLP234 15 0.47 0.40 1.40 10.7 
pBR322/pLP219 19 0.88 0.79 1.79 10.6 
pBR322/pLP222 22 0.17 0.06 2.06 10.7 
pBR322/pLP225 25 0.47 0.35 2.35 10.6 
pBR322/pLP234 34 0.35 0.18 3.18 10.7 





Because of the particular construction of the homopolymer inserts and the base changes at some of the junctions, the homopolymer tracts do not 
make up the total length differences (second column) except for the pairs pLP119/pLP144, pLP219/pLP222 and pLP225/pLP234. For most of the 
other pairs sequences other than the homopolymers make up 5-10% of the total differences, Values of h? calculated are those of the total inserts. 
When the shift (third column) was <0.2 or > 0.8 of the interband spacing, accurate measurements were obtained by the use of a common internal 
standard. For the pair pBR322/pLP119, for example, each member of the pair was measured against pLP144, and the same upward shift of 0.59 was 
observed. This shows that there is no shift between pBR322 and pLP119. For corrected shift an alternative way of making the length correction is to 
assume that the intrinsic length dependence of the electrophoretic mobility of a covalently closed topoisomer is the same as that for a nicked circular 
DNA. For DNAs of sizes similar to pBR322, the reduction in the distance migrated by a nicked circular DNA per bp increment in length was measured 
as 3.7x 10° times the average spacing between two covalently closed topoisomers that differ by 1 in their linking numbers, this value was used to 
make the corrections in previous experiments’. However, this procedure underestimated the correction, mainly because the topoisomers have 
migrated further than the nicked DNA, by a factor of ~ 1.2 on average. This results in a 20% underestimation. When this factor is taken into 
consideration, the two correction procedures give data which agree well. Note that although the absolute magnitudes of the helical repeats measured 
by the band-shift method are a function of the length correction factor, any differences between the helical repeats of particular sequences are not 


affected. 


spacing agrees with a structure in which the 3-GC pair insert is in 
a right-handed helical form with a helical repeat of 3/0.3 or 10 
base pairs per turn. The band-shift method cannot distinguish an 
upward fractional shift of 0.3 from a downward fractional shift 
of 0.7. Thus this single result by itself is equally consistent with 
the three GC pairs being in a left-handed helical form with a 
helical repeat of 3/0.7 or 4.3 base pairs per turn. Examination of 
several pairs of DNAs shows that consistent h? values are, 
obtained only if the sense of the helical inserts is taken to be right 
handed. The same conclusion is arrived at with all other 
sequences examined. 

Quantification of measurements for all pairs of DNAs were 
made on microdensitometer tracings of the negatives of gel 
photographs. A typical trace is shown in Fig. 2b to illustrate the 
resolution of the method. The observed shifts are given in 
column 3 of Table 1. 

As described previously’, the band-shift method measures the 
displacement of one family of topisomers of a DNA with an x-bp 
insert relative to another family of topoisomers of the same 
DNA without the insert. Although for small inserts the electro- 
phoretic mobilities of the topoisomers are affected by the inserts 
mainly by their effects on the deviations of the linking numbers 
of the topoisomers from the average linking number of the DNA 
in its relaxed state, the lengthening of a DNA per se does have a 
small but significant effect on its mobility. Correction for this 
intrinsic length effect is necessary to obtain data of high 
accuracy. Methods for making the length corrections have been 
discussed previously’. In one, the shift for each pair of DNAs is 
calculated from the average of the upward shift of the longer 
plasmid seen with both DNAs in the positively supercoiled form 
and the downward shift seen with both DNAs in the negatively 
supercoiled form. The intrinsic length effect enhances the 
upward shift but reduces the cownward shift, thus the averaging 
cancels out this effect. An example is shown in Fig. 3. 

Using this method we have examined five pairs of DNAs with 
inserts 34-55 bp long and with sequences varying from 








(dA), ¢ (dT), to (dG), * (dC),. The average length correction 
factor calculated for these five pairs was 4.9 x 107° turns per bp 
with a s.d. of the mean of +0.2« 107°. Deviation of the cor- 
rection factor calculated for any one of the five pairs from that of 
the mean was found to be statistically insignificant, and the 
average was used for all the corrections. 

The values for the calculated helical repeats after corrections 
for the length effect are given in the last column of Table 1. 
Clearly, when the lengths of the inserts are progressively 
increased the values for the helical repeat of GC inserts rapidly 
approach 10.7+0.1 bp per turn. This is not significantly 
different from the helical repeat of 10.6+ 0.1 bp per turn found 
for a 58-bp segment in the cro gene region of phage A when the 
refined length correction reported here is applied to the pub- 
lished results’. In contrast, the homopolymer (dA), : (dT), 
shows a helical repeat that is significantly different from those of 
the other sequences examined. The value 10.1+0.1 bp per turn 
obtained for this sequence is the only one measured so far that 
agrees, within experimental error, with the classical 10-fold 
B-type helix of DNA. 

The values measured are for the DNAs in electrophoresis 
buffer at room temperature. Effects of counterions and 
temperature on h° are well known but are <1% within the 
ranges generally considered to be physiological'*'*. The 
handedness of the helices is identical for all the sequences 
examined, and is presumably dexiotropic. 

For sequences that are more or less random, the average 
helical repeat measured by the band-shift method for DNA in 
solution agrees remarkably well with that measured from the 
nuclease digestion pattern of DNA adsorbed on solid surfaces’. 
The two very different methods give the same value of 10.6 + 0.1 
bp per turn. The theoretical calculation of Levitt'® also gives a 
similar value for the helical repeat of DNA in solution. 

There is a significant discrepancy between the solution 
measurements and X-ray diffraction studies of DNA fibres. 
Although DNA fibres show polymorphism when the counter- 
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ions and humidities are varied, the high-humidity form for 
DNAs of typical sequences is the B-type structure with 10 bp per 
turn. Recent measurements with highly solvated fibres gave the 
same results”. 

There are various possible reasons why the fibre results do not 
agree with solution measurements. One potential complication 
brought into focus by a crystal structure of a dodecamer is the 
spatial writhe of DNA’*, and the plausible effect of lateral 
association of DNA molecules in a fibre on this writhe. Another 
explanation (suggested by D. M. Crothers) is that electric 
dichroism measurements of DNA in solution indicate that the 
structure is sensitive to aggregation induced by heavy metal ions. 
The magnitude of the dichroism in the absence of heavy metal 
ions can be interpreted by the structure calculated by Levitt'® 
with the base pairs assuming propeller twists and a 10.6-bp 
periodicity. In the aggregated state, the magnitude of the tran- 
sient dichroism changes to that of a B-type structure with the 
base pairs almost perpendicular to the helical axis. A third 
possibility is that packing forces in fibres or crystals tend to 
favour structures with integral helical repeats’®. Even in highly 
wetted fibres, the packing forces might be significant relative to 
the free energy differences among different polymorphic forms. 

In the case of the homopolymer sequence (dA), - (dT),, the 
solution measurements agree with fibre diffraction studies. The 
agreement between the helical repeat of poly(dA)- poly(dT) 
from fibre diffraction measurements and our solution 
measurements provides a clue to the reason for the dis- 
agreements between other sequences. The sequence 
(dA), + (dT), seems to be unique in its inertness to environ- 
mental effects'***, Both IR and fibre diffraction studies indicate 
that the B-type to A-type transition which can be induced for the 
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Fig:2 a, Electrophoretic patterns of DNAs. DNA samples were 
relaxed overnight at 0°C with calf thymus topoisomerase I in 
10 mM Tris-HCI pH 8, 0.2M NaCl, 0,1 mM EDTA. The reaction 
was stopped and the enzyme removed by extraction with neu- 
tralized phenol. Electrophoresis in 0.7% agarose was carried out at 
room temperature after dialysis of the DNA samples against the 
electrophoresis buffer (90mM _ Tris-borate pH 8.3, 2.5 mM 
EDTA). Plasmids present in the gel lanes are: 1, pLP225/pLP140; 
2, pLP140/pLP144; 3, pBR322/pLP144; 4, pBR322/pLP225; 5, 
pLP219/pLP234; 6, pLP219/pLP225; 7, pLP222/pLP225; 8, 
pLP219/pLP222; 9, pLP222. b, Microdensitometer tracing of the 
negative for the electrophoretic pattern of the pair of DNAs 
pBR322/pLPi44 (ane 3 of a). 





Fig. 3 Electrophorectic gel pattern of a mixture of pTRA61 and 
pTR182, two DNAs that differ by an insert of 53 base pairs of a 
sequence in the cro gene region of phage A”. Relaxation of the 
DNAs was the same as described in Fig. 2 legend except that during 
the topoisomerase I reaction the sample on the left contained 
ethidium. The covalently closed DNAs in the left lane are nega- 
tively supercoiled whereas those in the right lane are positively 
supercoiled, The DNAs were identified by comparing the gel 
patterns with those of positively and negatively supercoiled marker 
DNAs. 


other sequences does not occur for poly(dA) > poly(dT). The 
sensitivity of other sequences to environmental effects and 
packing forces may underlie their polymorphism in fibres and 
crystals, and cause structural differences between the condensed 
and soluble states. 

The possible biological significance of different helical 
geometries associated with DNAs of diferent sequences has 
been widely discussed. The solution measurements have the 
advantage that the DNA is in a more physiological state and is 
free from packing forces. Our results clearly demonstrate that 
the sequence (dA), - (dT), has a distinct helical geometry in 
solution. We hope that the method described here will find 
increasing application in cases where the molecular geometries 
of particular sequences are thought to have significant biological 
roles. 

We thank Professors D. M. Crothers and R. E Dickerson for 
communicating their results before publication, and those of our 
colleagues who provided us with various enzymes. This work 
was supported by NSF grant PCM 78-05892. 
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Sequence-dependent 
helical periodicity of DNA 
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We have recently described a new approach to measuring the 
helical periodicity of random sequence DNA in solution’. It 
consists of binding short, stiff pieces of DNA to various flat 

_ surfaces and using DNase I to probe the most accessible phos- 

` phodiester bonds. The differences in length of the fragments 
produced are measured with high precision to give the helical 
repeat directly. This approach has now been extended to study 
the periodicity of defined-sequence DNAs using another 
enzyme, micrococcal nuclease, as well as DNase I. We find the 
helical repeat of poly(dA-dT) to be 10.5 + <0.1 base pairs (bp), 
a value very close to that found earlier by us for random- 
sequence DNA, 10.6£0.1 bp, and confirmed here. 
Poly(dA).poly(dT) exhibits a distinctly different helical repeat, 
16.0£0.1 bp. 

In our earlier work we used two different experimental 
approaches. The first used short DNA fragments of defined 
length, nominally 140 bp extracted from nucleosome cores, and 
the °*P label incorporated beforehand at the 5' termini. This 
method, besides giving accurate distances between DNase I 
cutting sites, also enables the probability of cutting at each site 
along the length of the DNA fragment to be determined, The 
second used DNA fragments with a wide distribution of lengths, 
an average of ~200 bp, and the ”P label was introduced after 
DNase I digestion. As a less laborious alternative, the 2D label 
has now been incorporated by nick translating each DNA 
sample. As fragments of poly{dA-dT) and poly(dA).poly(dT) of 
defined length are not readily available, double-stranded frag- 
ments a few hundred base pairs long were produced by shearing 
samples of calf thymus DNA ‘Sigma, ‘highly polymerized’), long 
poly(dA-dT) and poly(dA).poly(dT) (both BCL Boehringer) in 
asonicator’, which gives a bread fragment-length distribution of 
200-600 bp. 

Figure 1a, b and c show the results from experiments where 
DMA, poly(dA-dT) and poly(dA).poly(dT) were immobilized 
on calcium phosphate microcrystals and mica powder, then 
lightly digested with microccecal nuclease or DNase I and the 
products fractionated by polyacrylamide gel electrophoresis*™. 
The autoradiographs show patterns of fine bands, each band 
representing single-stranded fragments differing in size by one 
nucleotide. The intensities of the fine bands vary, showing band 
maxima at regular intervals ~10 bases apart. A set of intense 
fine bands represents a set of fragments produced by cutting with 
the nuclease at two different groups of accessible phos- 
phodiester bonds (‘sites’) in the same DNA molecule. The 
‘ladder’ formed by successive groups of fine intense bands is a 
direct visualization by the nuclease of the helical repeat. 

The average distance between nuclease cutting sites can be 
obtained by counting the number of fine bands between maxima 
and then dividing by the number of maxima traversed. The 
calculation can easily be carried out from the densitometer 
tracings of the autoradiographs shown in Figs 2 and 3. For 
example in Fig. 3, in the densitometer tracing of 
polyidA).poly(dT) digested with DNase 1, the number of fine 
peaks between F3 and F10 is 70, giving a value of 70/7 = 10.0 
bases. 

For random-sequence DNA (Fig. 1a) the distance between 
DNase I cutting sites is 10.5-10.6 bases as found previously’. 


The same value was obtained using micrococcal nuclease (not 
shown), but here the lengths of a proportion of the fragments 
produced is gradually reduced as the digestion proceeds. This is 
in contrast to the case of the two synthetic (A, T) polymers, 
where all fragments are progressively reduced in length (see 
below), We interpret the difference as due to the relative 
resistance to micrococcal nuclease’ of (G,C) stretches, 
compared with (A,T) stretches, present in random sequence 
DNA. The mechanism of trimming of DNA fragments has 
consequences for the production of nucleosome cores from 
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Fig. 1 Patterns of fragments produced by nuclease digestion of 
three DNAs immobilized on flat surfaces, After nick translation in 
the presence of [a-**P]GATP (ref. 23), each DNA sample was 
extracted, precipitated and the DNA and poly(dA-dT) precipitates 


dissolved in 20mM_ Tris pH 8.0 and 60mM NaCl. 
Poly(dA).poly(dT) was dissolved in 20mM Tris pH 8.0 only, 
because even low concentrations of salt tend to favour the forma- 
tion of triple strand helices*’, Finally, the two synthetic polymers 
were annealed at 40°C for 10 min and then stored at 5°C. The 
purity of the synthetic DNAs was checked by nearest neighbour 
analysis. The calcium phosphate surface and the mica powder were 
prepared as described earlier’, except that the concentration of the 
buffer in which the mica is resuspended has been halved, to reduce 
the destabilizing effect that Mg?” ions have on the double helices of 
(A, T) polymers” . a, Autoradiographs of random sequence DNA 
fragments from electrophoresis in a high-resolution denaturing gel 
made with 8% acrylamide and 1.35% methylenebisacrylamide. 
This system can resolve random sequence fragments differing in 
size by one nucleotide’. b, Poly(dA-dT); c, poly(dA).poly(dT) 
fragments from electrophoresis in denaturing gels made with 6% 
acrylamide and 0.3% methylenebisacrylamide, as used in DNA 
sequencing’. All nuclease digestions were carried out at 20°C. D 
signifies DNase I and M signifies micrococcal nuclease. F stands for 
aset, or group, of fragments and the number indicates the size class, 
for example, F3 represents fragments of ~ 30 bases in length. The 
gel tracks shown in b have been assembled from the same gel, 
containing additional experiments not shown here. 
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Fig.2 Densitometer tracings of the F12 
autoradiograph shown in Fig. 1b, 
(first two lanes); poly(dA-dT) diges- Fig 
ted with a, micrococcal nuclease; 
and b, DNase I. The fine peaks which 
represent poly(dA-dT) fragments 
differing in size by one nucleotide are 
numbered from the centre of band Fig 
F3. In a, because of the base 
specificity of micrococcal nuclease, 
there is an alternation of intensity in 
the fine peaks and in b, because of 
the base specificity of DNase I (see 
text), fine peaks every two nucleo- 
tides dominate the pattern. 


F16 


chromatin and will be discussed elsewhere (M. Cockell, D.R. 
and A.K., in preparation). 

The results from a typical experiment on poly(dA-dT) 
immobilized on two different surfaces and digested with micro- 
coccal nuclease or DNase I are shown in Fig. 1b. The intensity 
variations between successive fine bands is caused by the parti- 
cular base specificities of the two nucleases used. Micrococcal 
nuclease cleaves poly(dA~dT) in solution at Ts with only a slight 
preference over Asf whereas DNase I cleaves almost exclusively 
at Ts, producing a large proportion of fragments differing in size 
by two nucleotides’ (Fig. 2a,b). The sets of fragments produced 
by micrococcal nuclease (lanes M) lie one or two nucleotides 
below the sets of fragments produced by DNase I (lanes D). This 
reduction in length depends on the extent of digestion, but all 
fragments seem to be reduced in length to an equal extent. 
Consequently, the distance between micrococcal nuclease cut- 
ting sites remains essentially constant. 

The helical repeat of poly(dA-dT) bound to calcium phos- 
phate, obtained directly from the densitometer tracings (Fig. 
2a,b), is 10.5 bp with both nucleases. The intensity distribution 
in Fig. 15 (first two lanes) and Fig. 2a,b indicates that the helical 
periodicity is very close to 10.5 bp. There is an alternation in 
intensity between successive sets of intense fine bands, especi- 
ally visible in the longer fragments, for example, F10 and F18. 
This shows that the repeat length seen by the enzyme is two 
helical turns corresponding to an exact integral number of base 
pairs (10.5x2=21). Poly(dA-dT) bound to mica showed a 
slightly lower helical periodicity (Fig. 14, last two lanes). The 
alternation of the intensities of the longer fragments is not so 
evident and the densitometer tracings (not shown) give a helical 
repeat of 10.4 bases. 

Figure ic shows the result of an experiment with the third 
polynucleotide, poly(dA).poly(dT), bound to calcium phosphate 
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and digested with DNase I. The densitometer tracing in Fig. 3 
shows that the helical periodicity of poly(dA).poly(dT) is dis- 
tinctly different from that of DNA or poly(dA-dT), The repeat 
length of the fragments produced is 10.0 bases. The periodicity 
observed using micrococcal nuclease is the same as that found 
with DNase I, but because the fragments are reduced in size very 
rapidly? the measurements vary from site to site and are 
therefore less accurate (not shown). We were unable to 
obtain a ladder reflecting the double-helical screw from 
poly(dA).poly(dT) immobilized on mica. Presumably, when the 
polymer comes into contact with Mg** present in the mica 
suspension buffer, its double-helical nature is lost because of the 
propensity of poly(dA).poly(dT) to form triple-stranded helical 
structures’. 

The enzyme digestion method for determining the helical 
periodicity of DNA is simple, direct and requires no corrections. 
The accuracy of the measurements of the distance between 
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Fig.3 Densitometer tracing of the autoradiograph shown in Fig. 

1c. The fine peaks which represent poly(dA).poly(dT) fragments 

differing in size by one nucleotide are numbered from the centre of 
F3 to FIO. 
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nuclease cutting sites depends mainly on the length of the largest 
DNA fragments that can be resolved to a resolution of a single 
nucleotide in the gel electrophoresis system, that is, on the 
number of helical repeats counted. The resolution of the 
homopolymer fragments is very good because the gel elec- 
trophoresis system used for sequencing DNA can be used‘, but 
the random-sequence DNA fragments cannot be fractionated to 
the same resolution’. In our earlier paper on random-sequence 
DNA we mentioned that the changes caused by cation type and 
concentration and temperature on the screw of DNA!" would 
not be >0.1 bp per turn. In the present study with poly(dA-dT), 
where the precision of the results is higher, we find just such a 
change. The decrease in screw in the presence of millimolar 
Mg** is about 1% =0.1 bp and is consistent both in sign and 
magnitude with previous work by others’. 

The results we have obtained demonstrate that the helical 
periodicity of DNA depends on the nucleotide sequence. Thus, 
the number of 10.0 bp per turn of the poly(dA).poly(dT) double 
helix in solution is distinctly different from the value of 10.4- 
10.6 we found for poly(dA-dT) and random-sequence DNA. 
These values are in good agreement with measurements by 
Wang who, using a completely different experimental approach 
from ours, has reported a value of 10.5 bp for DNA and 9.9 for 
poly(dA).poly(dT)'?"?. 

It is not surprising that the same helical screw is found for 
random-sequence DNA and poly(dA-dT) because the former 
must contain, on average, equal numbers of purine and pyri- 
midines on each strand. The different helical periodicity obser- 
ved for poly(dA),poly(dT) can perhaps be correlated with 
physicochemical studies which suggest that this polymer is 
different in some way from all other DNAs studied’. 
Poly(dA).poly(dT) fibres give essentially the same B-form X-ray 
diffraction pattern as other DNAs, but, unlike all other DNAs 
studied, no conditions have been found for its transition to a 
different form'®. Furthermore, poly(dA).poly(dT) is the only 
DNA with a UV circular dichrcism spectrum which does not fit a 
simple additivity rule accommodating many different DNA 
duplexes’®. 

The distinctly different helical screw we have found for 
poly(dA).poly(dT) could be of some biological significance. The 
previous finding that nucleosomes cannot be reconstituted from 
poly(dA).poly(dT), but are easily obtained from reconstitution 
with poly(dA-dT) or DNA'’””’, was previously explained by the 
high salt in the reconstitution system used, disproportionating 
poly(dA).poly(dT) into triple helical structures. However, the 
present results suggest an alternative explanation. There are 
also examples where the A+T-rich spacer regions between 
genes, such as the 5S genes of yeast”””' and the histone genes of 
sea urchin’’, contain long runs of As. Although these findings 
might not be coincidental, it is premature to conclude that such 
stretches of poly(dA).poly(dT) would exclude nucleosomes 
directly. 
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The topology and physical chemistry of closed circular DNA 
molecules are well understood, but the significance for events 
within living cells is less well appreciated. It has been demon- 
strated recently’ that the torsional constraint which arises from 
negative supercoiling (that is, reduction of linkage) can induce 
localized novel secondary structure in isolated plasmid and 
phage DNA. Inverted repeats adopt hairpin-loop structures not 
found in relaxed DNA. This structural perturbation might be 
expected to have functional significance within the living cell, 
but clearly this requires that the torsional free energy be avail- 
able for unhindered partition between alterations of twist and 
writhe. Microheterogeneity in DNA structure has recently 
attracted considerable interest, especially with regard to left- 
handed sections of duplex**. The inverted repeats identified as 
sites of hairpin formation are relatively small, with stems of 13 
base pairs (bp) or less. Whilst these hairpins could result in a 
relaxation of ~10% of the plasmid supercoiling energy, it was of 
considerable interest to try to construct stem-loop features 
about 10 times larger so as to study the topological 
consequences. In the cloning experiment described here, 
designed to produce direct or inverted 130-bp repeats depend- 
ing on insertional orientation, no inverse species could be 
discovered, and deletion events were frequent. It is concluded 
that the inverted repeat deprives Escherichia coli of its antibio- 
tic resistance. Cruciform adoption by the inverted species can 
totally relax the torsional constraint in the plasmid. These 
experiments highlight the importance of topological considera- 
tions in the genetics of closed circular DNA, and confirm the 
availability of torsional constraint in vivo. 

Figure 1a shows the experimental basis of the investigation. A 
130-bp EcoRI, BstNI fragment of pAT153 (ref. 7) was inserted 
back into the parent plasmid to generate either a direct repeat, 
or an inverted repeat with a 6-bp central loop, depending on 
orientation. Resulting colonies were screened by restriction 
enzyme analysis of plasmid DNA, using the predicted restriction 
maps shown in Fig. 1b. The most straightforward screening 
procedure involved HindIII digests of plasmid mini-prepara- 
tions® from each colony. As pAT153 has a single HindIII site at 
29 bp (relative to EcoRI at 0 bp), the direct repeat recombinant 
should give a 130-bp fragment, and the corresponding fragment 
size from the indirect repeat molecule should be 70 bp. Figure 
2a shows a typical restriction cleavage analysis of some recom- 
binant plasmids. Analysis of 67 ampicillin-resistant colonies 
revealed that these comprised 21 recyclized parent plasmids, 25 
direct repeat species, no inverted repeat species and 21 
deletants. The most important comparison is that between direct 
and inverted repeats of 25/0. As the probability of insertion in 
either orientation is 50%, it is quite clear that selection at 
another level is operating in this experiment. A rather high level 
of deletants was observed (31%), several of which seem to be 
mutations which disrupt the symmetry of what would otherwise 
be inverted repeats. This again implies that it is the symmetry of 
the inverted repeat which is responsible for its non-viability. The 
high level of recyclized vector (31%) arises from the inherent 
low efficiency of blunt-end ligation reactions, coupled with the 
removal of inverse orientation events from the statistics. The 
statistics show clearly that an inverted repeat of unit length 136 
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bp confers lethal properties on pAT153. This could arise by 
interference with the mechanism of plasmid replication or the 
expression of the ampicillin-resistance gene, such that resistance 
is no longer conferred on the host bacterium. The act of insertion 
per se is clearly not responsible for the effect, because the direct 


Fig. 1 a, Schematic outline of the construction of 
recombinant molecules derived by reinsertion of the 
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repeats do not possess these properties, and thus we are left with 
the symmetry created by inverse insertion. However, the sym- 
metry cannot be solely responsible for the lethal properties 
because smaller inverted repeats occur in ColE1 and pBR322' $ 
and in recombinants derived from these plasmids’, The major 


130-bp EcoRI, BsiNI fragment of pAT153 (ref 7} into 

the flush-filled EcoRI site of pAT153, with a 

hexanucleotide asymmetric joining section. pAT153 

was cleaved by EcoRI and the resulting 5’ extensions 

‘filled in’ using 2 units of the Klenow fragment of E feo! 
coli DNA polymerase I (Boehringer) in 50 mM Tris 

pH 7.5, 10mM MgCl, 1mM -mercaptoethanol pATISS 

with 0.25 mM of each of the four deoxynucleotides for 

30 min at 15°C. One-quarter of this was dephos- ugate 
phorylated using 20 ug bacterial alkaline phosphatase GGAATTCC 
(F grade, Worthington) in 20 mM Tris pH 7.5, 0.1% a 


SDS for 30 min at 37 °C, for subsequent use as cloning 


vector, EcoRI linker (Collaborative Research) was 5’ Ps ee \ 
phosphorylated in two stages. 2.5 pg ofthe double; 000000 l Ť m E i wae 
stranded octanucleotide were incubated in 50mM °°" ——— | ECE | 
Tris pH 7.5, 10mM MgCl, 5mM dithiothreitol, \ 

| i EcoR!. BstNi 4 


0.1mM spermidine using 100uCi of 5,000 Ci 
mmol~'{y-*7PJATP (Amersham) and 3 units of T4 


t i Gel extract fragment 


kinase (New England Biolabs) at 37°C for 60 min, EEES SOE 4 acter 

followed by addition of unlabelled ATP to 1 mM and / 

further kinase and incubation for an additional | Pon 

60min. The phosphorylated octanucleotide was i 

ligated to the remainder of the flush-ended EcoRI- H / i tigate 

cleaved pAT153 by the blunt-end ligation proce- Mn / is teanstorm E coti 

dure’®, using 0.2 units of T4 DNA ligase (Bethesda at / W select Ap 

Research} in $0mM Tris pH 7.5, 10mM MgCl, asf 

20mM dithiothreitol, 1 mM ATP for 2h at 15°C. l 

After EcoRI, BsiNI cleavage, the fragments were H H B 

resolved on 5% polyacrylamide gel electrophoresis”? DIRECT n ee” Panel eon 
andthe 136-bp fragment removed by homogenization 

and extraction in 0.5 M NH,-acetate, 10 mM Mg- H H g 

acetate, 0.1% SDS, 0.imM EDTA” at 37°C, INVERTED Ot Sa ae es 


followed by binding to DEAE cellulose (Whatman), 
washing, elution and ethanol precipitation, After b 

polymerase filling to give flush ends, this fragment was 

blunt-end ligated into the flush-ended EcoRI -cleaved 

and dephosphorylated pAT153. After ligation, DNA pAT 153 
samples were diluted to 100 ul in 10 mM Tris pH 7.5, 
10mM CaCl, and 10 mM MgCl, and used to trans- 
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form 200-yJ aliquots of CaCl,-shocked E. coli K12 
HB101 (ref. 22) as described previously*®. After 
20 min at 37°C in L broth containing 100 wg mi~™* DIRECT 
carbenicillin (Pyopen), 200-41 aliquots were plated on 


to agar containing 100 pg ml™’ carbenicillin and 3 
incubated at 37°C for 16h. (All restriction enzymes AE eee A LR | LENEE ETE ANELAR. aR AAE CoE M 


used in this study were from New England Biolabs or 
Bethesda Research Laboratories, and used as direc- 


ted.) Key: R, EcoRI site; H, HindIII sites; B, BstNI INVERTED 


sites; BAP, dephosphorylation using bacterial alk- 
aline phosphatase; Poll, flush-filling using DNA h 





polymerase I (Klenow fragment); Ap‘, resistance to 3. 
ampicillin. The rectangular boxes represent the 





synthetic EcoRI linker fragment, and the filled box represents the double-stranded AATTCC unit, Filled triangles denote restriction enzyme sites, and open triangles 

denote restriction sites deleted during construction. b, Restriction maps of the EcoRI region of pAT153, and calculated maps for the direct and inverse recombinants, 
„all derived from the sequence of pBR322 (ref. 24). Key: R, EcoRI; H, HindIII; B, BstNI; T, Tagl; H (smaller), Haelll; h, Hhal. The thicker line denotes sequences 

between the EcoRI and ByiNI sites of pAT153 which become duplicated in the recombinants. The filled boxes represent the hexanucleatide joining section. 


Hhal = Hae lll Taq! 
bVRVAR 





Fig.2 Analysis of recombinants by restriction enzyme cleavage, a, NindIll 
cleavage of plasmid mini-preparations grown from individual colonies, The 
marker fragments (P) are Haelll-digested phage PM2 DNA, Colonies were 
picked into 1 mi L broth solutions containing 100u¢/mi"' carbenieillin and 
grown at 37°C for 16h in the absence of chloramphenicol. DNA was 
prepared using a modification of the alkaline preparation method” where all 
standing times were reduced to 5 min. After two ethanol precipitations and 
an optional phenol extraction, the DNA was sufficiently pure to be digested 
by restriction enzymes. This method gives a low chromosomal DNA back- 
ground but to visualize small DNA fragments it was necessary to remove 
contaminating RNA by inclusion of 50 pg mi”? RNase A (Sigma, praim 
cubated at 95°C for 10 min to remove potential DNase activity) in the 
restriction enzyme digestion. b, Detailed analysisof one clone containing 4 
full-length 136-bp insertion. A 100-mi culture was grown from a temi 
overnight incubation of one full-length recombinant, for 16 hat 37°C in 
broth containing 100 ug mi! carbenicillin but in the absence of chioram- 
phenicol amplification. Plasmid DNA was purified from cell lysates by 
banding in caesium chloride”, Key: V, pAT153 digesis: R, recombinant 
digests. Solid triangles denote new (or double intensity) fragment bands; 
open triangles denote bands missing from the recombinant digests. Note that 
these digests unambiguously confirm the orientation of the inserted DNA, 
and the inerease in length of the 206-bp Hhal and 368-bp Tagi fragments 
confirms the presence of the joining hexanucleatide. 
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difference between the inverted repeat created in this experi- 
ment, and those found in ColE1 and pBR322, is one of size. The 
ColE1 repeat has a unit size of 13 bp, whereas that in the 
potential pAT153 recombinant is 10-fold larger—130 bp. 

I have observed previously’ that small inverted repeats 
present in supercoiled circular DNA are centrally hypersensitive 
to S, nuclease, implying the adoption of hairpin-loop structure. 
On forming a cruciform type of structure an alteration of twist 
occurs for the molecule, given by 


ATw = n/10.4 (1) 


where n is the total number of base pairs involved in the 
formation of the hairpin. (The number of 10.4 is derived from an 
estimate of the twist of solution DNA being 10.4 bp per helical 
turn.) The parameters which describe the topological proper- 
ties of supercoiled DNA are related by the expression” 


ALk = ATw+ Wr (2) 


where ALk is the alteration in linkage from the most relaxed 
topoisomeric conformation, and Wr is the writhing number. The 
linking number for pAT153 has been measured as 18+1 
(Fig. 3), which equation (2) shows must be partitioned between 
alteration of twist or writhe, either of which is energetically 
unfavourable. However, the twist alteration produced by cruci- 
form formation allows the rest of the molecule to ‘relax’ by the 
extent 


R x 100% (3) 


_ -n 

10.4 ALk 
thus, for ColE1 (n = 30 and ALk = ~27)"" a relaxation of twist 
and writhe of 11% should occur. For the inverse recombinant 
pAT153 species relaxation becomes 142% (n = 266), that is, the 
molecule can be totally relaxed. This, then, is the likely basis of 
the lethal properties of these large inverted repeats. 

Further examples of selection against inverted symmetric 
units can be found in the literature'*"*, and another example has 
recently been noted in this laboratory (W. Tacon, unpublished 
results), when it was found that only tandem repeats of a 111-bp 
fragment could be obtained in a multiple-copy cloning experi- 
ment. One explanation previously proposed’* was that the 
symmetry might facilitate strand switching during replication. 
However, there is no a priori reason that such a process should 
occur only in longer inverted repeats. It seems more likely, 











2 
In (ALK) 


Fig. 3 Measurement of the relative linking number (ALK) of pAT153 by 
gel electrophoretic resolution of partial topoisomerizations**’. a, 1.2% 
agarose gel electrophoresis (room temperature) of native supercoiled and 
partially relaxed pAT153. 0.8 ug of pAT153 was incubated with 2 units of 
Agrobacterium tumefaciens topoisomerase (Bethesda Research) at 37 °C in 
20 mM Tris pH 7.8, 2 mM MgCl, 7 mM 8-mercaptoethanol for the times 
indicated (min), followed by electrophoresis at 50 V for 16 h in 40 mM Tris 
pH 8.0, 5mM Na-acetate, 1mM EDTA”. Key: N, fully supercoiled 
pAT153; S, R and S,, positions of migration of fully supercoiled monomer, 
nicked monomer and supercoiled dimer species. b, Extrapolation of migra- 
tion of topoisomers to that of the native supercoiled pAT153 (shown by fhe 
arrow) indicates that ALK = —-18. Migration of individual topoisomers was 
measured by microdensitometer scanning of photographic negatives. The 
lower bands were assigned by comparison of identical partial 
topoisomerizations on agarose gels run at room temperature and 5°C (ref. 
16). Thus, the most slowly resolved topoisomer in a was assigned to 
ALk=~-2. A small error (estimated to be +1) may result from the 
extrapolation procedure. 
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therefore, that the topological effects are the basis of these 
observations. Another instance of such properties was noted by 
Gellert et al.'°, who were unable to propagate a circular dimer of 
the longer EcoRI, BamHI fragment of pBR322. Another 
example may be found in a study of post-transformational 
rearrangement in modified pSM19035 (ref. 16), where 
manipulations designed to generate a large perfect inverted 
repeat resulted in spontaneous deletion events which removed 
the centre of symmetry. 

Several consequences follow from these observations. First, 
the strong selection against inverted repeats demonstrates that 
topological effects are operative on DNA within the living 
bacterium, that is, that the torsional constraint arising from 
linkage reduction by gyrase is ‘available’, rather than being 
locked up in writhing around histone-like proteins. This energy 
is available to drive processes requiring strand separation, such 
as transcription'”'*, and possibly the alteration of DNA secon-. 
dary structure’™’, It is therefore perhaps not surprising that the 
(possibly transient) release of this free energy into cruciform 
structures has deleterious consequences. Second, the present 
study demonstrates that inverted repeats can strongly influence 
the functional properties of supercoiled molecules. The 
difference between the stable direct species and the unstable 
inverted species constructed in these experiments is quite 
subtle—the reversal of polarity of 130 bp in a 3.7-kbp molecule 
at a region distinct from both ampicillin-resistance and repli- 
cation functions. Yet this modification in some way deprives the 
cell of its resistance to the antibiotic. Finally, these studies have 
practical significance, for they imply that the topological 
consequences of certain cloning operations should be consi- 
dered. Thus, ‘head to head’ dimers of fragments above a limiting 
size are likely to be impossible to clone. Furthermore, plasmid 
‘libraries’ may be incomplete if inverted repeats are present in 
the original nucleic acid cloned. 

The size limitations on cloning ability are imprecise at present, 
but some limits may be set. The stability of cruciform structures 
will be proportional to stem length, but inversely proportional to 
loop size’, whereas the topological consequences depend on 
the size of the whole feature. Stem sizes of 9-13 bp do not result 
in plasmid instability’, whilst we have noted in this laboratory 
that 30-bp duplications (R = 32%) cannot be cloned inverted in 
pAT153. However, longer inverted repeats have been pro- 
pagated where the loop size is 12 nucleotides. As I have noted 
previously’, the symmetry requirements for cruciform structure 
formation are stringent. 

I thank many of my colleagues at Searle, especially Drs 
W. Tacon and M. Houghton, and also Professor D. Sherratt for 
useful discussion. 
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Tonin’, a protein isolated from rat submaxillary gland, has 
interesting proteolytic activities. It is able to liberate angiotensin 
Il from angiotensinogen (or a shorter synthetic tetradecapeptide 
corresponding to the first 14 residues) and from angiotensin I; it 
is also able to release peptides from #-lipotropin (8-LPH), 
corticotropin (ACTH) and their common precursor pro- 
opiomelanocortin (POMC) leaving intact the B-endorphin and 
the Met-enkephalin entities**. Here, we describe the sequen- 
cing of 95 of the 272 amino acids of tonin, Our results reveal 
extensive sequence homology of tonin with the y-subunit of 
nerve growth factor (NGF) and epidermal growth factor (EGF)- 
binding protein (both of which also have proteolytic activities), 
and also with serine proteases. 

Tonin is a single polypeptide chain of 272 amino acids having 
a molecular weight of 28,700; sequence analysis has revealed 
isoleucine and proline at the NH; and COOH termini respec- 
tively“. We have now extended the NH2-terminal sequence up 
to 65 cycles with excellent repetitive yield while identifying 
blanks and uncertain residues in the previously reported 
sequence, as shown in Fig. 1a. In addition, we identified 30 other 
residues in a cyanogen bromide fragment, giving the definitive 
sequence of 35% of the molecule (Fig. 1b). While this work was 
being carried out, the sequence of the y-subunit of mouse NGF 
became available*, making it possible to compare the amino acid 
sequences, 

Asindicated in Fig. 2a, alignment of the first 65 residues of the 
y-subunit and tonin reveals only 15 differences—77% 
homology. Furthermore, the sequence Val-Leu-Thr-Ala-Ala- 
His-Cys, which is found in all serine proteases except haptoglo- 
bin, a recently proposed serine protease homologue’, is present 
in rat tonin; it does contain a conservative substitution, namely 
the isoleucine at position 35 in place of the common leucine 
residue. This segment is very important because it contains the 
histidine residue typical of the active site of all serine proteases. 
The cysteine residue at position 24 is part of the disulphide loop 
maintaining the proper orientation of the histidine residue. The 
relationship between rat tonin and serine proteases can also be 
seen by comparison of the first 65 residues with known 
sequences: the homology with rat tonin is highest for pancreatic 
enzyme kallikrein’ (55%) and trypsin’ (48% ), with other serine 
proteases slightly less homologous*"*. 

Comparison of the NH)-terminal sequence of a cyanogen 
bromide fragment of tonin with positions 95-124 of the y- 
subunit (Figs 1b and 24) also reveals 21 identical positions out of 
30, thus showing a striking similarity (70% ) between rat tonin, 
y-subunit and serine proteases. 

Although the present results reveal only a partial (35%), but 
definitive, sequence of rat tonin, it is nevertheless clear that 
tonin isolated from rat submaxillary gland is very closely related 
to the y-subunit of mouse NGF and also probably to the 
EGF-binding protein. Our data do not show conclusively that 
tonin represents a variant of the y-subunit of the rat NGF 
because NGF could not be detected in the submaxillary gland of 
the rat’*"*: however, this possibility cannot be ruled out. Also 
interesting is the fact that the isolated tonin is a single poly- 





* Deceased. 
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Fig. 1 a, Automatic NH,-terminal degradation of reduced and 
alkylated rat tonin. Sequencing was carried out on 2.6 mg (87 
nmol) of protein using 3 mg of polybrene precycled seven times and 
a 0.3M Quadrol programme on an updated Beckman 890B 
sequenator fitted with a cold trap. Phenylthiohydantoin (PTH) 
derivatives were obtained after conversion in methanol/HCl using 
an in-line sequemat P6 autoconverter. Separation and 
quantification were carried out by HPLC using an ultrasohere- 
ODS column and a tetrahydrofuran acetonitrile gradient. 
Quantitative yields of PTH-amino acids corrected for background 
and normalized to PTH-norleucine internal standard are illus- 
trated as a function of residue number. The slope and intercept 
were obtained by a linear regression analysis on selected stable 
PTH-amino acids, Repetitive yield thus obtained was 95.2% while 
the carry-over never exceeded 1% exceptfor Glu and Asp residues 
which are retained by the polybrene. b, Automatic NH>-terminal 
degradation of a reduced and alkylated (using *Hjodoacetic acid) 
fragment of rat tonin obtained by cyanogen bromide cleavage. 
Sequencing was carried out on ~ 10-15 nmol using the conditions 
described above; the repetitive yield for that sequence was 89%, 


peptide chain comprising 272 amino acids, whereas the y- 
subunit, as reported, is composed of 233 amino acids distributed 
in what seems to be two or three chains linked by disulphide 
bridges. This observation supports Thomas et al.'s proposal? 
that a limited, perhaps autocatalytic, proteolysis of a single- 
chain form of y-subunit generates a two- or three-chain form. 
Rat tonin is clearly related to the serine proteases family, 
especially to trypsinogen, kallikrein aad plasminogen. On the 
other hand, the substrate specificity of this enzyme seems to be 
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Fig.2 a, Comparison of the amino acid sequence (in the single- 
letter code, ref. 16) of the NH2-terminal portion of rat tonin with 
corresponding segment of y-subunit of mouse NGF as determined 
by Thomas er al. and with conserved segments of serine proteases 
according to Dayhoff’. The underlined residues correspond to 
invariant position in the known sequence of all serine proteases. 6, 
Comparison of the amino acid sequence of a cyanogen bromide 
fragment of rat tonin with residues 95~124 of y-subunit of mouse 
NGF and conserved segments of serine proteases. 


quite different from the arginine-specific activity of NGF y- 
subunit and EGF-binding protein because it is able to cleave 
after specific arginine residues and after suitably located lysine, 
phenylalanine, tyrosine and tryptophan residues depending on 
the pH used for the digest?*. For example, at pH 5.0 it can 
selectively cleave the pro-opiomelanocortin precursor to yield 
intact ACTH involving an arginine and phenylalanine cleavage 
at the NH, and COOH termini respectively. Thus, this enzyme 
expresses a selective chymotryptic—tryptic-type activity. The 
digestion studies clearly indicate the importance of the con- 
formation of the substrate in directing the site of cleavage’. 
Originally, it was proposed! that tonin might be involved in the 
local generation of angiotensin II in tissue; its newly found 
similarity with NGF y-subunit and EGF-binding protein 
suggests other possible roles for this enzyme and its substrate 
specificity. 

This work was supported by the MRC of Canada (PG-2). 
We thank Dr Bradshaw for making available the preprint 
manuscript concerning the sequence of the NGF y-subunit, Miss 
J. Hamelin and M. G. De Serres for technical assistance, and 
Mrs D. Marcil for typing the manuscript. 
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A striking common structural feature has emerged from the 
comparison of the X-ray crystallographic studies of several 
dehydrogenases. In lactate dehydrogenase’, soluble malate 
dehydrogenase’, alcohol dehydrogenase’ and glyceraldehyde- 
3-phosphate dehydrogenase“ similar foldings have been 
described in the region which binds the coenzyme NAD, 
whereas no significant similarities were observed in the chemical 
sequences. The occurrence of a characteristic ‘nucleotide bind- 
ing fold’ (the so-called Rossmann fold) has also been observed 
in horse muscle phosphoglycerate kinase", in phosphorylase”’ 
and, with some topological deviations, in other kinases™ as 
well as in the flavin-binding domain of flavodoxin’?. If one 
assumes that these structural homologies are the result of a 
divergent evolutionary process, it is then tempting to predict a 
similar pattern of structure—function relationship in other 
nucleotide-binding proteins, in particular in aminoacyl-tRNA 
synthetases. We show here that methionyl-tRNA synthetase 
does show the same nucleotide binding fold. 

Native Escherichia coli methionyl-tRNA synthetase, a dimer 
of molecular weight (MW) 172,000, has never been obtained in 
a crystalline form. However, a fully active monomeric fragment 
which can be prepared by a controlled proteolysis’, crystallizes 
in space-group P2, with a= 78.1 A, 6=46.2 A, c =87.9 A, 
B = 108.8°. The crystals contain one molecule of MW 64,000 
per asymmetric unit'*. The structure of this active fragment has 
been determined at 2.5A resolution by the multiple iso- 
morphous replacement (MIR) method using five heavy-atom 
derivatives. The diffracted intensities were recorded photo- 
graphically with an oscillation camera and measured using a 
rotating drum densitometer (Centre de Microdensitométrie, 
Orsay). Some statistical data on the quality of the measurements 
and the heavy-atom derivatives are given in Table 1. The MIR 
phases were improved by a solvent modification technique 
similar to that used by Schevitz et al. in the study of yeast 
tRNA". The resulting electron density map was easily inter- 
preted for most of the molecule, except in one small region 
situated in the bottom right part of Fig. 1. A detailed account of 
the experimental procedures and a complete description of the 





Fig. 1 Stereoscopic drawing of the a-carbon backbone of 

methionyl-tRNA synthetase based on unrefined coordinates 

measured from the model. The central part (thick line) corresponds 

to the nucleotide binding domain. The molecule is viewed down the 
erystallographic b axis. 
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structure will be given elsewhere. An atomic model (scale shown in Fig. 1. The elongated molecule (90 x 52 x 44 A) 
1.25 cm per A) was built, which accounts for 480 amino acid consists of three distinct domains: (1) a central core (thick line in 
residues. r i Fig. 1) formed by five parallel strands separated by helices and 
There is no complete chemical sequefce available for containing the‘N-terminus; (2) a lees regular structure (thin line 
methionyl-tRNA synthetase but its molecular backbone is at the bottom of Fig. 1) containing ~155 amino acid residues, 
( ` a which can be visualized as an intrusion between the third and 
fourth strands of the central core; and (3) a third domain (thin 
line, top of Fig. 1) rich in helices, which bears the C-terminus of 
the polypeptide chain. 

The most salient feature of the structure is, by far, the central 
core, which shows the topological characteristics of a ‘nucleotide 
binding domain’: (1) it is composed of a five-stranded parallel 
pleated sheet with helices connecting the strands. (2) The 
sequential order of the strands, as shown in Fig. 2 is, from top to 
bottom, 8C-8B-BA-8D-SE,. (3) Helices aB and aC are 
‘below’ the pleated sheet (Fig. 2) while helices a CD and aE are 
‘above’ it. (4) The nucleotide 8-bromo-ATP, which was used as 
a heavy-atom marker, binds near the C-terminal end of the 
-pleated sheet (in our interpretation this binding involves 

` contacts with the loop between strand £ A and helix a B and with 
side-chains of helix aB). These features clearly indicate a 
remarkable structural homology with the nucleotide binding 
domain of dehydrogenases. Note that although the structure of 
tyrosyl-tRNA synthetase from Bacillus stearothermophilus 
seemed at first to bear no structural relationship to other pro- 
teins, an improved model revealed the existence of a 
Rossmann fold around the ATP binding site”. 

Methionyl-tRNA synthetase is thus a new member of the 
family of proteins which possess the characteristic Rossmann 
fold. This supports the hypothesis that many nucleotide binding 
proteins may derive from a common ancsstral gene*’*. By gene 
fusion and duplication, this gene would have evolved in a 
divergent evolutionary process to give rise to the modern dehy- 
drogenases and aminoacyl-tRNA synthetases (the situation is 
less clear for Kinases which show a rather wide variety of 
topologies in their ATP-binding domain). The nucleotide bind- 
ing domain of methionyl-tRNA synthetase, however, has a 
unique feature, that is, the helix e CD and the strand 8D are far 
apart in the sequence (they are separated by ~135 residues), 
These residues build a domain (bottom of Fig. 1) whose struc- 
ture bears little resemblance to a Rossmann fold. This extra 
domain could be the result of the insertion of a segment of DNA 
into the ancestral gene”. Conversely, aminoacyl-tRNA 
synthetases could mirror the existence of a longer ancestral gene 
which, after deletions, would now code for the nucleotide 
binding domains in the dehydrogenases. Interestingly, the 
presence of an extra domain has also been reported for pyruvate 
kinase (PK)'* as compared with trices phosphate Isomerase 
(TIM)™. The two enzymes show a characteristic barrel of eight 





Table 1 Quality of intensity measurements and heavy-atom derivatives 
-7.3 7.35.5 5,5—4.4 4.4-3.7 3.7-3.2 3.2-2.8 2.8-2.5 Overall 


N 713 942 1,544 2,209 2,961 3,621 4,020 16,010 
Reyer (native) 0.015 0.022 0.025 0.027 0.037 0.060 0.078 0.040 
Reya (Pt) 0.020 0.025 0.026 0.030 0.040 0.060 0.073 0.041 
Re (U) 0.018 ° 0.022 0.024 . 0.026 0.034 0.051 0.063 0.035 
Rea (Sm 0.021 ` 0,026 0.027 0.030 0.038 0.054 0.062 0.039 
(Pt+U) 0.034 0.038 0.037 0.040 0.052 0.073 0.10 0.053 
Raa ENAT) 0.029 0.033 0.037 0.040 0.049 0.071 0.089 0.052 
2.26 2.02 n 1.38 1.39 1.30 1.17 1.44 
P (U) 2.30 2.12 1.65 1.54 1.44 1.34 1.17 1.46 
P (Sm) -2.07 2.32 1.69 1.59 1.56 1.68 1.50 1.66 
P (Pt+U) 2.13 2.55 1.69 1.58 1.56 1.49 1.28 1.59 
P(8-Br-ATP) 1.10 1.08 0.84 0.97 
m 0.75 © 0,73 0. f 





reflections. Due to the geometry of tho oscillation method, about half of the reflections are measured more than once; the Rem factor 

: =) <I> — FI/FI) gives a measure of the agreement between symmetry-related reflections, P is the phasing of the heavy-atom 

that is, tho ratio of the r.m.s. beavy-atom scattering to the rama lack of closure: P = [5 fi/n}\2/[L(F* - Ft )"/n]""2, The derivatives 

used were obtained with K,Pt(CN),, Ky3UOFs, 8m(NO3)3 and 8-bromo-ATP (8-Br-ATP). The last derivative was used only at 4 A resolution. m, 
Figure of merit. For each derivative (Including the parent) ~20% of the measured reflections were rejected (too weak or poor Rem). 
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parallel strands connected by helices which is continuous in 
TIM, and in, PK contains ~100 additional residues, inserted 
between the third strand and the third helix. 

Knowledge of the complete amino acid sequence for 
methionyl-tRNA synthetase may hopefully provide further 
insight into its taxonomic relationships with other nucleotide- 
binding proteins. 
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enzyme preparations; V. Luzzati for his continued interest; D. 
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Fig. 2 and the MRC Laboratory of Molecular Biology, 
Cambridge for some of the computer programs used in process- 
ing. This work was supported in part by a grant from the 
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The erythrocruorins (extracellular haemoglobins from anne- 
lids’) have molecular weights of 3-4 10°, contain 60-192 
O,-binding haem moieties per molecule and are much more 
complex than the tetrameric vertebrate haemoglobins'*. 
However, they perform the same function, carrying O, from the 
respiratory surfaces to the tissues, and exhibit similar coopera- 
tivity in O, binding and inhibitory heterotropic interactions 
between O,- and proton-binding sites (Bohr effects), although > 
these functions show greater adaptive variation than in the 
vertebrate pigments”*. Whereas erythrocruorin—O, affinity is 
insensitive to the anionic organic phosphate cofactors like gly- 
cerate-2,3-bisphosphate and ATP, which depress the O, 
affinity of vertebrate haemoglobin inside the red blood cells, it is 
increased by inorganic salts’. This effect is important physio- 
logically because annelids lack significant capacity for osmotic 
regulation and experience large fluctuations in blood electro- 
lyte levels*’, I show here that, in contrast to the situation in man, 
where anionic cofactors and protons decrease haemoglobin- 
O, affinity by specifically depressing the O, association equi- 
librium constant of the pigment in the deoxygenated state’’’, 
inorganic cations govern the O, affinity of erythrocruorin from the 
burrowing, intertidal lugworm, Arenicola marina, by pref- 
erentially modifying the association constant of the (almost fully) 
oxygenated form. In contrast te the vertebrate mechanism, Which 
optimizes O, unloading in the tissues, this alternative control 
mechanism in erythrocruorin seems to be adaptive to O; loading 
at the low O, tensions generally characteristic of the micro- 
environments of erythrocruorin-bearing annelids*~’. 
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Figure 1 shows that NaCl increases O, affinity and coopera- 
tivity (measured as Haas the maximum slopes of the Hill plots) of 
Arenicola erythrocruorin by increasing the association constant 
for binding the last Oy molecules, without significantly affecting 
that for binding the first molecules to the deoxygenated pigment. 
These constants, which are respectively referred to as Kp and 
Ky, by analogy with the R and T states of vertebrate haemoglo- 
bin, without implying the existence of only two discrete con- 
formational states, are estimated by lines drawn asymptotic to 
the experimental curves at extreme high and low OQ, saturations 
(see Fig. 1). Divalent cations exert greater effect than mono- 
valent ones at the same anion concentration and also slightly 
increase Ky (Fig. 1). These results imply preferential cation 
binding to erythrocruorin in the oxygenated form and provide a 
rare example of an heterotropic effector that increases O3 
affinity in haem pigments. 

The differentia! effects of salts on Ky and Kp raise the free 
energy of haem~haem interaction, AG (which equals RT In. 
(Kpy/ Kr) where R is the gas constant and T the absolute 
temperature’*). At pH 7.37, which approximates the in vivo 
value at 15°C (refs 1, 2), the Kp/Ky ratio indicates a 33-fold 
higher affinity for the last compared with the first O, molecules 
bound, and a AG value near 8.4 kJ mol™ in the absence of salts. 
The presence of 0.6 M Na” or 0.12 M Mg” (which approximate 
the blood levels in lugworms from normal seawater’’) raises 
K,/Ky to ~68 and AG to ~10.0kJ mol” (Fig. 1, right 
panel), The mechanism of ionic interaction in erythrocruorin 
is radically different from that in human haemoglobin, where 
glycerate-2,3-bisphosphate lowers Ky (reducing the association 
constants for the first three but not the last O, molecule) and 
where neutral salt acts in a qualitatively similar manner except 
that it also slightly increases Kx (refs 10-12). Both control 
mechanisms, however, have the same net effects, increasing AG 
and Amax 

Proton concentration also acts mainly on Kp of erythro- 
cruorin but in the opposite direction to salt concentrations, 
shifting the oxy-asymptote to lower affinities and reducing AG 
and nmax (Fig. 2). This also contrasts with human haemoglobin, 
where lower pH reduces Kr and only slightly affects Kr, raising 
AG and cooperativity’*. The present data allow estimation of 
the Bohr effects for binding of the first and last O, molecules (A 
log Ky/ApH and A log Kr/ApH, respectively) as ~0.20 and 
—0.74, showing that most protons are released on binding of the 
last O, molecules. 

The shifts in the oxy-asymptotes of Arenicola erythrocruorin 
imply the existence of different R states whose O, affinities 
depend on cation and proton binding. Ions thus affect not only 
the apparent equilibrium constant for the transition between the 
deoxy- and oxy-forms but also the non-exclusive binding 
coefficient c(=Ky/Kp), in contradiction of the two-state 
model" as defined for human haemoglobin, where c is invariant 
of the concentration of the allosteric effector. 

The fact that the ion sensitivity of erythrocruorin resides with 
Kx, rather than with Ky as in human haemoglobin, seems to be 
adaptive to O, transport in hypoxic (O,-poor) conditions in the 
natural habitat of annelid worms. In contrast to air-breathing 
animals where loading O; tensions generally are sufficient to 
saturate the pigment fully, so that O, transport can only be 
improved by increasing O, unloading, O; transport in hypoxic 
microenvironments depends on O, loading and thus Kr. In 
animals like Arenicola, a salt-induced increase in Kpg and thus in 
Ama and O; affinity will favour oxygenation of the erthrocruorin 
in the gills during tidal emersion, when severe burrow hypoxia’® 
coincides with high blood salt levels as a result of saline, dense, 
high-tide water remaining in the burrows", Again, the proton 
sensitivity of Kr, resulting in a greater Bohr effect at high 
degrees of O, saturation, will augment the O, affinity difference 
between blood at relatively high O- tension and pH (as in the 
gills) and blood at lower O; tension and pH (as in tissues)”. As 
the published data show that in nature tissue O; tensions in 
Arenicola marina fall sufficiently to unload the pigment at low 
tide’® and that gill-tissue pH differences do occur’®, the salt and 
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Fig. 1... Effects of inorganic salts on Oy equilibria of 
Arenicola erythrocruorin, measured in 0.05 M Tris- 
HCl buffer at 15 °C and pH 7.37; haem concentration 
is 0.17mM; Y is the fractional O; saturation, Left: 
Hill: plots. in the absence of cation (A):and in the 
presence of 0.12M NaCl (©), 0.25M NaCl (@), 
0,62 M NaCl (C) and 0.12M MgCl, (@). Right: 
effects of NaCl (@) and MgCl, (@) on the association 
equilibrium constant for the first and last O, mole- 
cules bound (Ky and Kg, respectively) and on the free 
energy of haem-haem interaction, AG. The eryth- 

rocruorin, collected as described previously, was 
stripped of ions by passage through mixed ion- 
exchange resin (Amberlite MB-3) and dialysis against 
distilled water. Cation concentrations were varied by 
the addition of solutions of analytical grade cation- 
chloride salts and controlied by chloride measurement 
using a Radiometer CMT-10 titrator. The O, equili- 
bria were measured with a diffusion chamber tech- 
nigue’ except that the stëpwise increases in O, 
tensions were generated by cascaded gas mixing 
pumps {Wösthoff) while absorbance changes between 
zero, and full saturation (when equilibrated with pure 
Nz and Oz, respectively) were monitored on recorders 
with high sensitivity (Radiometer REA 112) units. 
Extremely low and high saturations were measured by 
amplifying absorbance increments near zero and full 
Oy, saturation in separate runs, observing previously 
described precautions'*. The asymptotes were fitted 
by eye. With the upper asymptotes the saturation 
points were. additionally: estimated from extrapola- 
tions in. plots. of AY against 1/Po, (ref. 13), The 
application of smali amounts of erythrocruorin solu- 
tions (layer thickness: ~10 jum) minimized equilibra- 
tion ‘time and meterythrocruorin. formation, which 
was „always , less than 1% and corrected for 

graphically”. 





100,Y (24 saturation) 


Fig. 2 Effects of pH on O, equilibria of Arenicol. 
erythrocruorin, measured in 0.05.M HEPES-NaOH.. 
buffer at 15°C. pH values (left panel): 7.81 (@), 7.51 
(4), 7.35 (V), 7.02 (C) and 6.70 (@). The cor- 
respondence.of curves in the presence of HEPES and 
Tris buffers (compare V with A in Fig. 1) indicates the 
absence of significant buffer effects. Other details are 
as for Fig.:1. 
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proton interactions. will increase the capacity of the blood for 
transporting O,. 
This work was supported by the Danish Natural Science 
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Rebuttal of criticisms of 
remote viewing experiments 


MARKS’ has argued that our first two 
remote viewing (RV) studies (with sub- 
jects Price and Hammid)* should be dis- 
counted as evidence for the RV hypo- 
thesis. He claims that sensory cues in the 
subject-generated RV transcripts provide 
sufficient information to permit judges to 
blind-match transcripts to target sites on 
an artefactual basis. The evidence, 
however, does not support this claim. 

First, with regard to the Hammid series. 
When one examines the details of Marks’ 
criticism (see ref. 3) one finds that the 
criticism about cueing is based on an 
error-in-fact on the part of Marks; he 
erroneously assumed that the target list 
given to judges was in the order of target 
usage, that is, unrandomized. That is 
incorrect. That list, which Marks used to 
formulate his criticism, was randomized 
by random number generator to prevent 
the very possibilities he raises. When this 
fact is taken into account, one finds that 
his criticism is voided at its foundation. 
Specifically, his criticism is derived from 
the fact that the transcripts were dated; 
however, the dates do not provide the 
useful cue information posited by 
Marks—they would have done so only 
under the (incorrect) assumptions about 
target order made by Marks. As a result, 
Marks’ attempt to associate the transcripts 
to the target sites on the basis of the 
alleged cues failed. 

With regard to the Price series. While 
not questioning the data collection pro- 
cedures or commenting on the near-pho- 
tographic accuracy of some of the indivi- 
dual descriptions, Marks and Kammann 
hypothesized in their first critique that the 
successful judging of the Price series might 
be due to sensory cues in the transcripts 
that provide information as to, for exam- 
ple, whether a given trial was early or late 
in the series. In response to this we 
arranged to have the series independently 
rejudged, using transcripts from which the 
suggested cues had been removed. The 
rejudging resulted in the same seven out 
of nine target/transcript matchings as in 
the original study, indicating that it was 
the quality of the transcripts themselves, 
rather than the presence of cues, that was 
responsible for the successful outcome’. 
This rejudging is rejected by Marks 
because of the potential confounding 
factor of the publication of the original 
study, 

This leads us to a second re-analysis of 
the Price series for which, in order to give 
the Marks’ hypothesis its best chance, we 
assume all potential cues remain and are 
used to maximum advantage; we then 
rigorously assess the consequences. In the 
strongest case for cues the probability of a 
correct match can at most be increased 
from one-ninth to one-third; in another 


case from one-ninth to one-seventh; and 
in two other cases from one-ninth to one- 
eighth. The remaining five cases gain no 
direct advantage from cues, just indirect 
advantage from not using as possibilities 
the ones already used in the more advan- 
tageous cases. When one takes into 
account the resulting constraints due to 
cues, the number of possible target/tran- 
script matchings is reduced from 9!= 
362,880 to 68,760 combinations, by exact 
count. Assuming that the cues are used to 
maximum advantage, we find that the 
significance level associated with obtain- 
ing at least seven matches in nine trials (as 
was done) in a forced-choice, non- 
independent assignment of transcripts to 
target sites (the most conservative statis- 
tic) is only reduced from P= 10™* to P= 
3.9x10™, still a quite significant result. 
(A paper containing the details of this 
analysis has been published elsewhere.) 
Thus, the Marks hypothesis that. the 
presence of extraneous cues accounts for 
the significance of the Price series result 
receives no support. 

We would summarize by first indicating 
that we recognize that our original RV 
studies are not without flaw, and the 
potential effect of possible cues deserves 
critical examination. However, in our 
continuing re-examination of this work we 
find that the suggested cueing artefacts, 
although providing some potential for 
confounding, are yet well below the 
magnitude necessary to account for the 
strength of the results. As a result, this 
re-examination of the data has provided 
yet additional support for the hypothesis 
indicating the existence of a human 
remote sensing capability. This conclusion 
is supported by the continuing replication 
of RV experiments in our own and other 
laboratories*’ for which the Marks 
concerns no longer apply due to the 
increased sophistication of the procedures 
in use. 

H. PUTHOFF 
R. TARG 
Radio Physics Laboratory, 
Menlo Park, 
California 94025, USA 
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Expression of herpesvirus- 
induced antigens in 
human cervical cancer 


DREESMAN ET AL.' have described the 
expression of two herpes simplex virus 
type 2 (HSV-2) antigens, designated ICSP 


11/12 and ICSP 34/35, in 38% of cervical 
tissues with pathological findings of severe 
dysplasia or carcinoma. Their undocu- 
mented statement that previous studies 
used antisera against HSV virions and 
gave rise to equivocal results is inaccurate 
and generates controversy where none 
exists. Indeed, the expression of HSV-2 
antigens in cervical anaplastic tissue has 
been consistently and unequivocally 
demonstrated using antisera prepared 
against extracts of HSV-2-infected cells 
that contain both structural and non- 
structural viral proteins. To our know- 
ledge, there is no report describing the 
failure to identify HSV-2 antigens in 
cervical anaplastic tissue when such have 
been studied. Had the authors’ comment 
on the equivocal nature of previous results 
been valid, their data demonstrating the 
presence of two antigens, the viral identity 
of which may be questionable to some 
critics, in only 38% of patients with 
anaplastic findings could hardly support 
their conclusion that HSV-2 is a factor in 
human cervical cancer’. 

Using antisera against total viral 
antigens, HSV-2 antigens were demon- 
strated by immunodiffusion and crossed 
immunoelectrophoresis in extracts of 
cervical tumour cells?™*. Similarly pre- 
pared antisera were used by Athanasiu et 
al.’ in immunofluorescent staining of 
frozen sections of cervical tumour biop- 
sies. Expression of HSV-2 antigens was 
described in 8 of 24 (33.3%) specimens 
from cervical carcinoma, a percentage 
remarkably similar to that described by 
Dreesman er al.’, using similar specimens. 
The observation that viral antigens are 
preferentially expressed in cells on the 
peripheral part of the carcinoma mass 
towards the vagina and/or cervical 
canal®’ has led some investigators to 
conclude that the proportion of reactive 
patients could be greatly increased by 
studying the cervical cells that have 
naturally exfoliated or have been induced 
to exfoliate artificially. Immunoflorescent 
staining of such specimens with antisera 
against total viral antigens in six 
independent studies® '’ has demonstrated 
the expression of HSV-2 antigens in cells 
of 61-81.2% of patients with dysplasia 
and 92-100% of those with invasive 
cancer or carcinoma in situ (CIS). This 
compares with a reactivity of 0-9.4% in 
normal women (Table 1). 

We showed previously that antisera 
against an antigenic fraction designated 
AG-e, that consists of two viral proteins 
(ICP 12, ICP 14)'*, stains cervical 
anaplastic cells from patients with 
dysplasia, CIS or invasive cancer, but not 
from normal women’®. Consistent with 
this finding, antisera against ICP 12 or ICP 
14 also stain the cells from patients with 
these pathological findings’’. It is 
significant that ICP 12 shares a number of 
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Table 1 % Of patients exfoliated cells staining with antisera to viral antigens* 





Diagnosis Totalt 
Normal (N) 0-9,4 
Dysplasia (D) 61-81.2 
CIS and invasive (Inv) 91.6-100 


AG-et ICP 12 ICP 14 
0 0 0 

69-72.6 57 51 
91.4 100 75 





* Athanasiu et al’: 33.3% of frozen sections of cervical carcinoma stained with antiserum to 


total viral antigens. Normal tissue was negative. 


+ Pacsa et al®: N=9.4%, D=61%, CIS/Inv=94%. Adelusi er al’: N=0, Inv = 100%. 
Minhui er al.°; N= 9%, Inv = 100%. Aurelian et al. 7'°: N=0, D= 81.2%, CIS/Inv = 91.6%. 
+Smith et al.: N=0, D=72.6%, CIS/Inv = 91.4%. Aurelian er al.'°: N=0, D = 67.6%, 


CIS/Inv = 86.4%. 


properties with Dreesman’s ICSP 
11/12—the two proteins have the same 
molecular weight and both bind DNA. 
Antisera against them stain the nuclei of 
HSV-2-infected cells , but staining of 
cervical anaplastic cells is cytoplasmic and 
perinuclear"! 

We suggest that the findings of 
Dreesman and his colleagues cannot be 
considered in isolation of previous evi- 
dence in this field. They neither offer 
conceptually new information, nor do 
they help elucidate a hitherto equivocal or 
controversial issue. The significance of 
their findings lies specifically in their 
confirmatory nature. Only in this context 
can the authors’ conclusion be accepted, 
that HSV-2 is a factor in cervical 
carcinoma. 


C. C. SMITH 
P. K. GUPTA 
L. AURELIAN 
Departments of Comparative Medicine, 
Pathology and Biophysics, 
The Johns Hopkins Medical Institution, 
Baltimore, Maryland 21205, USA 
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POWELL ET AL. REPLY—We have no 
intention of generating controversy as 
Smith, Gupta and Aurelian have sug- 
gested. Our aim was to examine sections 
of cervical tissue biopsy specimens for the 
presence of two specific HSV antigens. 
We detected both proteins in about one- 
third of the samples of abnormal tissues’. 
As we detected the HSV antigens in the 
unstressed biopsy specimens, this result 
clearly differs from that of Aurelian et al., 
in their paper “HSV-2 antigens absent 
from biopsied cervical tumor cells: a 
model consistent with latency” wherein 


they were unable to demonstrate the 
presence of HSV-2 antigens in cervical 
tumour biopsies from 29 patients. We 
would agree that all published reports 
have found at times expression of HSV 
antigens in exfoliated cervical cells. 
Previous results are equivocal. Thus 
whilst Athanasiu et al? reported the 
presence of virus antigens in cervical 
tumour biopsy specimens using antisera to 
crude virus antigens and the indirect 
immunofluorescence test, this result was 
not obtained by Nahmias et al.*, Aurelian 
et al? or by ourselves’. Even in studies of 


_exfoliated cells, reports differ as to the 


presence of virus antigens in cells from 
normal patients or from patients with 
bland disorders and in the proportion of 
patients with overt disease showing posi- 
tive reactions with antisera to crude virus 
protein mixtures”. It is important not to 
gloss over such differences as they may be 
highly significant. 

Our approach was quite different from 
that of previous reports. We selected two 
proteins ICSP 11, 12 and ICSP 34, 35 
because they are both DNA-binding pro- 
teins. Both are known to be virus specific 
and have been mapped using intertypic 
recombinants to specific regions of the 
viral genome. They were purified to 
homogeneity and only then used to pre- 
pare antisera. The sera were tested to 
ensure that they only reacted with the 
polypeptide used for immunization. These 
reagents obviously differ considerably 
from the crude or partially purified 
antigen preparations used by other 
groups to prepare antisera for previous 
studies’**. With these reagents two 
independent studies have detected 
expression of HSV antigens in about one- 
third of cervical tumour biopsies’. We 
were totally unable to detect HSV 
antigens in the same specimens using 
potent general antisera to total virus pro- 
teins, in contrast to results reported by 
Aurelian's group with exfoliated cervical 
cells (60-90% of  dysplasic or 
ClS/invasive cancer patients samples 
positive even using antisera to crude 
infected cell extracts). 

Finally, we are amazed at the casual way 
in which Smith, Gupta and Aurelian 
associate their ICP 12 and ICP 14 (which 
they have clearly shown to be structural 
proteins capable of inducing neutralizing 
antibody") with ICSP 11, 12 which is a 
non-structural protein totally absent from 


even the worst preparations of purified 
virus. Our reagents and our results are 
clearly different from those of Aurelian 
and her co-workers. 
K. L. POWELL 
D. J, M. PURIFOY 
Department of Microbiology, 
University of Leeds, 
Leeds LS2 9JT, UK 
G. R. DREESMAN 
J. BUREK 
E. ADAM 
R. H. KAUFMAN 
J. L. MELNICK 
Departments of Virology and 
Epidemiology and of Obstetrics 
and Gynecology, 
Baylor College of Medicine, 
Houston, Texas 77030, USA 
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Recent thrusting 
in the Appalachians 


STUDIES of incremental strain have been 
used in an attempt to understand recent 
tectonism in regions, such as eastern 
North America, which are generally 
considered to be tectonically inactive. Yet 
one of the best pieces of evidence of recent 
tectonism and incremental strain is seis- 
micity, and eastern North America has 
historically been seismically quite active’. 

Schäfer’ has studied apparent recent 
tectonism in the Appalachians using offset 
drill holes to indicate incremental strain. 
Incremental strain is observed in drill 
holes following construction of presplit 
highway cuts in the Cumberland- 
Allegheny Plateau, and in the western 
Valley and Ridge of Tennessee, West 
Virginia and Pennsylvania. 

We have examined three of the four 
localities described by Schafer, and other 
localities nearby. Our additional data 
suggest that tectonic stresses resulting in 
faulting are responsible for the observed 
offsets but that there is no evidence of 
post-palaeozoic tectonism. 

Examination of exposures along Inter- 
state Highways 40 and 75 in Tennessee 
and at Oak Flat, West Virginia, revealed 
numerous offset drill holes in Pennsyl- 
vanian and Devonian sandstone’ (and 
sandstone/shale). All observations were 
confined to near-vertical presplit roadeuts 
in which the rocks are minimally weath- 
ered providing less chance of error caused 
by measurements on loose blocks, 

In all offset heles containing multiple 
offsets, or in any succession of offsets from 
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Fig. 1 Orientations of displacement for drill holes at the localities in Tennessee. 


the base to the top of a cut in the Tennes- 
see localities, the amount of offset 
increases upwards. Also, in most drill 
holes in which there are multiple offsets, 
the offset vectors are nearly parallel. 
Where offset vectors are not parallel, 
differences in motion may generally be 
explained by relative rotation of one of the 
upper blocks during blasting, later slum- 
ping, readjustment across major joints, or 
some other local process. At the West 
Virginia locality south-west of Oak Flat, 
the sense of movement is reversed from 
the base to the top of the cut cn the north 
side of the highway. On a lower-to inter- 
mediate-level fracture the drill holes are 
offset away from the highway, whereas on 
an upper-level fracture the offset vectors 
have moved towards the highway. 

A consistent relationship between 
offset vectors and highway cut orientation 
was noted. Orientation vectors are 
consistently oriented approximately 
normal to highway cuts. Most vectors 
symmetrically converge towards the 
centre of the highway (Fig. 1). At one 
locality in Tennessee, measurements were 
made in two parallel cuts of westbound 
and eastbound lanes separated by 30- 
50m of rock. Offset vectors converge 
symmetrically towards the centre of the 
westbound lane, but vectors on both the 
north and south sides of the eastbound 
lane point north (Fig. 1). Using an elastic 
rebound mechanism, this pattern may be 
explained by excavation of the westbound 
lane first, initiating rebound and release of 
elastic strain energy throughout the mass. 
The differential in total or average offset 
of drill hole§ Trom the westbound to the 
eastbound lane (consistently greater 
effects in the westbound lane) favours a 
difference in time of excavation for the 
two lanes. 

Offsets may cease to exist from one side 
of prominent joints (properly oriented) to 
another. One side of a joint may be offset 
as much as 30 cm whereas drill holes on 
the other side of the joint may be offset 
only 0 to <2 cm. 

Stresses which produce observed 
strains, such as offset drill holes, may be 
simply interpreted as having a tectonic 
origin’. However, relatively high near- 
surface in situ stresses may also originate 
from non-tectonic processes’. 
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Static loads derived from the weight of 
rock material composing a topographic 
high may become resolved into shearing 
stresses directed along properly oriented 
existing planar discontinuities, such as 
subhorizontal bedding. As long as these 
stresses are less than the shearing 
strengths of the rocks involved or less than 
the stresses necessary to reactivate exist- 
ing planar discontinuities, no permanent 
strain would result. There would also be 
some dependence of storage of elastic 
strain energy on the elastic moduli of the 
rock mass. The most favourable orien- 
tations for static load-derived shearing 
stresses to be relieved would obviously be 
those which would permit movement 
outwards from the source of stress. A 
downward-directed static load may be 
relieved effectively by horizontal motion, 
provided this otherwise normal stress may 
be transformed into shearing stresses (Fig. 
2). Existing subhorizontal planar dis- 
continuities (bedding or fractures) may 
provide shear surfaces along which the 
stresses may be relieved. Motion along 
these surfaces may be accelerated during 
blasting where rapidly expanding gases 
are forced along bedding or fracture sur- 
faces, The gases separate the rock mass 
and effectively lubricate it to overcome 
the coefficient of internal friction along 
the surfaces, so that accumulated elastic 
strain energy is released. Further strain 
may be caused by subsequent creep along 
discontinuities. 

Blocks which are surrounded by 
properly oriented joints may contain no 
stored energy. Joints generally dip 70° or 
more. Those which are sufficiently open 
(not locked) and are oriented at low to 
moderate angles to the outward-directed 
shearing stresses may be relieved without 
offsetting drill holes. 


Static toad 
oe" stress 






Resolved 
shearing 


Paa 
Bedding or other 
pann discontinuity 


Fig. 2 Possible mechanism for producing 
subhorizontal shearing stresses from a 
nontectonic source. 


We conclude that offset drill holes are a 
common phenomenon in the Cumber- 
land-Allegheny Plateau of Tennessee and 
West Virginia where bedding is nearly 
horizontal. Drill holes are offset by release 
of stored elastic strain energy produced by 
static load. Offset drill holes in the 
Cumberland-Allegheny Plateau and in 
the Valley and Ridge are not related to 
recent tectonism. All tectonic structures 
present here predate highway construc- 
tion and are probably Palaeozoic struc- 
tures. 

ROBERT D. HATCHER JR 
Department of Geology, 
University of South Carolina, 
Columbia, South Carolina 29208, USA 
FRED WEBB JR 
Department of Geology, 
Appalachian State University, 
Boone, North Carolina 28608, USA 
K Sbar, M. L. & Sykes, L. R. Bull. geol, Soc. Am. 84, 1861 
2. sentten K. Nature 280, 223 (1979). 


3. Schaeffer, M. F., Steffens, R. E. & Hatcher, R. D. Jr. 
Southeastern Geol, 20, 129 (1979). 


SCHÄFER REPLIES——Hatcher and Webb 
have observed additional offsets of drill- 
holes with vectors oriented normal or 
oblique to the highway cuts. I agree that 
many of these displacements result from 
the release of static load-derived strain 
which is a common feature in the Appala- 
chians and in other mountainous areas. 
hatcher and Webb stated that I simply 
interpreted those offsets as having a 
tectonic origin. However, I did not 
consider any offset vector which was 
directed towards or away from a highway, 
although a tectonic component could also 
be involved. Offset vectors oriented 
parallel to the highway cuts were not 
included, either, in myanalysis when the 
excavation of the raod was directed radi- 
ally to a topographic high. As of sites 1 and 
2 at Interstate highway 40, Tennessee, 
which is NW-~-SE-oriented, a topographic 
high is located north-east of the highway. 
Also at the West Virginia site the highway 
cut runs tangentially to a topogkraphic 
high in the north-west. Thus, it is not 
surprising that Hatcher and Webb obser- 
ved numerous driliholes with offset 
vectors normal or oblique to the road cuts. 
Other non-tectonic offset vectors may 
even run in the direction of the road-cut 
when static load-derived tangential tensile 
stresses induce dip-slip movements. 

The borehole offsets which I con- 
sidered, however, are all parallel (in one 
case sub-parallel) to the highway cuts 
revealing considerable rock masses to be 
upthrusted by tectonic forces and not by 
blasting. The tectonic origin of these faults 
evidently is not doubted by Hatcher and 
Webb as they did not mention any of these 
borehold offsets in their discussion. 

KARLHEINZ SCHAFER 
Institut für Geowissenschaften 
der Universitat Bayreuth, 
D-8580 Bayreuth, FRG 
1. Schäfer, K. Nature 280, 223 (1979). 
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Time to change 


THis, book deserves to be read, and 
discussed, at several different levels, and 
notall levels can be covered ina single short 
review. The chemist or physicist who 
wishes to understand Prigogine’s concept 
of “‘dissipative structure”, and its applica- 
tion to systems far from thermodynamic 
equilibrium, for which he received the 
Nobel prize for chemistry in 1977, will find 
in Part Il — “The Physics of Becoming” 
— a clear explanation of where both 
equilibrium and linear non-equilibrium 
thermodynamics become inadequate, and 
of how an externally imposed 
inhomogeneity, such as a temperature 
gradient, produces a new kind of order. 
Examples are given from physics 
(convection in the atmosphere), chemistry 
(periodic chemical reactions) and biology 
(cell accretion). 

As its title implies, the book is more than 
that. Prigogine’s Nobel award citation 
referred to his ‘‘bridging the gap between 
biological and social fields of enquiry”’, 
and he sets out here to share his insights 
with a wider reading public. His central 
character is Time, and he states the 
-problem in his preface: to relate three 
different concepts of time occurring in 
dynamics (time as a simple parameter with 
no preferred direction), thermodynamics 
(time has direction, but leads inescapably 
towards ‘‘heat death’’) and biology (time 
as evolution and, ultimately, history). 

In the preface, Prigogine acknowledges 
a debt to past giants in the field, Ludwig 
Boltzmann and Jacques Monod. In this 
work and its companion volume (La 
Nouvelle Alliance, written jointly with 
Isabelle Stengers and published by 
Gallimard in 1979), he makes a strong bid 
to join them. 

But he is no philosophical soulmate of 
these two. Both describe themselves 
unhesitatingly as materialist in outlook, 
and Prigogine recounts how Monod 
rebuffed his attempt to establish common 
ground, classifying his programme for 
unifying the physical and social worlds as a 
variety of animism. Possibly this somewhat 
intemperate rejection led Prigogine, in his 
turn, to misunderstand Monod. For he 
quotes the passage from Chance and 
Necessity about man being ‘‘a stranger in 
the world from which he evolved by 
accident’ as though Monod was referring 
to life as the strange feature. A more 
careful reading reveals that the strange 
feature, peculiar to our species, is 
consciousness — that which leads us 


T. W. Marshall 





From Being to Becoming: Time and 
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ultimately to scientific and philosophical 
enquiry about our environment. So if, as 
Prigogine proposes, we need a ‘‘second 
time’’ to describe irreversible processes, 
including life, how can he be sure that we 
do not need a “third time” to describe 
consciousness? 

It is to Boltzmann, however, that 
Prigogine mainly addresses this work. He 
begins by noting, like Boltzmann and 
Gibbs before him, that in a purely 
dynamical system, based on a hamiltonian 
evolution function, it is not possible to 
construct a state function having the time- 
directional property of entropy. The 
“*Poincare~Misra theorem’’ (Chapter 7) 
simply puts this long-known result into the 
modern terminology of Lyapunov func- 
tions. Yet every thermodynamic system has 
an entropy. Ask a physical chemist and he 
will measure it for you. Hence the problem. 

Gibbs’s solution, which Prigogine 
rejects, was to say that the irreversibility of 
thermodynamic processes is an illusion, a 
creation of the physical chemist’s imagina- 
tion. Prigogine quotes some fragments of 
the Einstein—Besso correspondence which 
suggest that Einstein also held this view. 
But a closer examination of those letters, 
especially the passages dealing with 
Brownian motion, shows that, in fact, 
Einstein supported Boltzmann. 

Boltzmann’s solution was to propose 
that, in addition to the dynamical laws of 
evolution of a large system, we should 
require the initial state to be one of 
“‘molecular chaos”. He anticipated 
Prigogine’s diagram 7.3 and asserted that, 
since a state with all the molecular 
velocities reversed does not have this 
property, it will almost never occur in any 
actual physical system. 

Prigogine, applying some new results 
obtained by mathematicians working in 
ergodic theory, thinks he has derived 
Boltzmann’s molecular chaos from the 
dynamics. But has he? I believe not. 

That is not to deny that he and his co- 
workers have achieved a great deal. They 
have shown, more clearly than most, that 
Boltzmann’s definition of chaos has to be 
extended to include higher order corre- 
lations in the motions of neighbouring 


+ 


molecules. And, for certain simple time 
evolving systems. of which the most 
discussed is the non-dynamical Bakers 
transformation, they show how to 
construct an entropy operator which is 
compatible with the evolution. operator, 
But the very fact that they end up with an © 
entropy operator shows that they, like” 
Boltzmann, are considering not a single 
microstate, but a set of states on which only 
-certain averages are specified. To specify a 
probability measure on this set isto impose 
a more sophisticated molecular chaos 
hypothesis. So Boltzmann, rather than 
Prigogine, invented the concept of 
“second time’’. 

In his remarks on Einstein’s refusal to 
accept quantum mechanics, Prigogine is 
really out of his depth. It is the case that 
some quantum theorists are now proposing 
to abandon the 400-year-old notion of 
space going from Galileo through Einstein, 
on which all science since the Renaissance is 
based, preferring a “biological” space in 
which a change in one place produces 
instantaneous changes everywhere else. 
Such a feature, called “‘non-locality’’, 
seems to be an unavoidable consequence of 
quantum theory, and Einstein drew our 
attention to it nearly 50 years ago. Bul, in 
his enthusiasm for biological models, 
based on such phenomena as the coopera- 
tive motion of the parts of a chicken 
embryo, Prigogine thinks he sees common 
ground with the elementary particle 
““zoologists’’ in their high-energy physics 
laboratories. This is unwise, because the 
non-locality some physicists speak of has 
never been observed, and quite possibly it 
never will be. On the other hand, the non- 
locality exhibited by.a chicken embryo 
certainly does nor require superluminal 
signals to sustain it. It is. easily subsumed 
within a materialist world-picture of the 
type supported by Boltzmann and 
Einstein. This is especially the case once 
full account is taken of the field concept, 
something which Prigogine almost totally 
ignores —- Faraday does not rate a 
mention, and Maxwell enters only through 
his contribution to kinetic theory, 

This is not a great book, and Prigogine 
has not yet achieved what Boltzmanndidin 
Populäre Schriften. or Einstein in The 
World As -See It. But itis a very goo 
book, and the ideas. contained with 
promise better things to come. 






i 





T. W. Marshall is a Lecturer iv Matheinatics at 
the University of Manchester. 
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What’s new in the mechanisms of enzyme regulation? 


Edwin G. Krebs 


Protein Phosphorylation in Regulation: 
Recently Discovered Systems of Enzyme 
Regulation by Reversible Phosphory- 
lation. Vol. 1 of Molecular Aspects of 
Cellular Regulation. Edited ty P. Cohen. 
Pp.273. ISBN 0-444-80226-6. (Elsevier/ 
North-Holland Biomedical: 1980.) $63.50, 
Dfl. 130. 








As the title of this first volume in a series on 
cellular regulation suggests, the emphasis is 
on new systems that for the most part have 
not been reviewed extensively heretofore. 
The editor of the series, Philip Cohen, who 
is one of the world’s foremost authorities 
on protein phosphorylation, provides an 
introductory chapter that gives an excellent 
summary of the well-established role of this 
process in the regulation of glycogen 
metabolism. His succinct account will 
provide readers with a broad outline of the 
history and evolution of the general 
principles of protein phosphorylation, but 
at the same time will not burden them with 
an enormous load of information that is 
available elsewhere. A more exhaustive 
treatment of glycogen metabolism in this 
book would have detracted from the 
reviews that follow. These include chapters 
by different authors on pyruvate kinase, 
acetyl CoA carboxylase, hydroxymethyl- 
glutaryl CoA reductase, steroidogenesis, 
triacylglycerol synthesis, muscle 
contraction, protein synthesis, the 
phosphorylation of ribosomal proteins and 
the phosphorylation of histone H1. 
Parenthetically, it should be noted that the 
word ‘‘enzymes’’ is used in a very loose 
sense in this volume, in that the topics 
covered include the phosphorylation of 
proteins ordinarily not thought of as 
enzymes. 

The individual contributions, which, 
with one exception, are clear and well 
written, follow a general theme developed 
in the introductory chapter. Brief 
descriptions of the more classical 
enzymology of a given system, including 
non-covalent regulation, are followed by 
the more recent work concerned with 
phosphorylation-dephosphorylation. The 
latter, which constitutes the principal 
thrust of each article, is generally handled 
by progressing from in vitro phos- 
phorylation to the more difficult in vivo 
situations. Most of the authors make an 
effort to apply criteria of physiological 
relevance to the phosphorylation 
phenomena that have been observed. This 
aspect is especially well handled in sections 
on the regulation of pyruvate kinase, the 
control of protein synthesis and the 
modification of histone H1. A final 
chapter in the book, again written by 
Cohen, highlights common features of the 
various phosphorylation systems and 
forecasts future directions that will be 
taken by workers in this field; in addition, 


he introduces an interesting hypothesis 
concerning the mechanism of action of 
insulin in the regulation of protein 
phosphorylation. 

The book can be recommended for 
readers who desire timely, concise reviews 
of work on various aspects of metabolic 
regulation controlled by protein kinases 
and phosphoprotein phosphatases. It is 


designed more for the non-specialist than 
for the specialist, but anyone reading the 
volume will profit from the experience, 
particularly ifhereadsitinitsentirety. © 





Edwin G. Krebs is a Senior Investigator at the 
Howard Hughes Medical Institute and 
Chairman of the Department of Pharmacology, 
University of Washington, Seattle. 


Newtonian style and scientific revolution 


Richard S. Westfall 


The Newtonian Revolution, with 
Illustrations of the Transformation of 
Scientific Ideas. By 1.B. Cohen, Pp.414. 
ISBN 0-521-22964-2. (Cambridge 
University Press: 1981.) £18, $37.50. 








Twenty-five years ago, Professor Cohen’s 
influential Franklin and Newton 
(American Philosophical Society, 1956) 
established him as the foremost student of 
Newtonian natural philosophy. Over the 
intervening years a constant stream of 
publications has at once expanded our 
understanding of Newton and the scientific 
revolution and maintained Cohen’s 
position. To that stream he now adds 
another major volume, The Newtonian 
Revolution, the revised text of the Wiles 
Lectures delivered at the Queen’s 
University of Belfast. As the two-part title 
suggests, the book divides into two major 
sections, one on the Newtonian revolution 
in science, the other on the doctrine of 
transformations as an interpretive 
explanation of the development of 
scientific ideas. Though the book contains 
several lengthy asides which are connected 
only tenuously to the central argument, the 
two sections maintain a fundamental unity 
by focusing on the same developments in 
Newtonian science. In Cohen’s view — a 
view that most historians of science would 
enthusiastically endorse — the elaboration 
of the Principia was the single most 
important step forward in the course of 
modern science. The appearance of 
Professor Cohen’s detailed analysis of it 
constitutes a major event in the histor- 
iography of science. 

While the title of Part I recalls Thomas 
Kuhn’s Structure of Scientific Rev- 
olutions, it is Part H, Transformations of 
Scientific Ideas, which speaks directly to 
the issues Kuhn raised. Where Kuhn 
argued for discontinuities in the growth of 
science, revolutions characterized by 
sudden switches in the perception of 
nature, Cohen stresses continuity in which 
every revolution is achieved by the 
transformation of received concepts. He is 
presently at work ona general exposition of 


his theory of scientific growth. In the 
present volume he illustrates it by 
examining the same events that are central 
to his understanding of the Newtonian 
revolution. For the latter he develops the 
important concept of the Newtonian style 
by which he seeks both to identify the 
essence of Newton’s contribution and to 
characterize the nature of modern science. 
Central to the Newtonian style is the use of 
mathematical constructs which successive 
modifications make ever more adequate to 
the full complexity of physical reality. 
Equally important is the postponement of 
enquiry into causes until maximum 
agreement between the construct and the 
world of experience has been attained. The 
idea of the Newtonian style enables Cohen 
to distinguish Newton’s approach from 
that of other quantifiers and geometrizers 
in seventeenth century science. No one 
insisted more on the role of geometry in 
natural philosophy than Kepler, but, as 
‘Cohen shows, Kepler started with causal 
hypotheses and arrived at mathematical 
constructs, whereas the Newtonian style 
proceeded in the opposite order. The 
primacy of causal hypotheses likewise 
separated Newton from his continental 
critics, who were not inconsiderable 
mathematicians. As I indicated, the 
concept of a Newtonian style in science, 
which Cohen argues persuasively was a 
more important ingredient in his enduring 
influence than the specific content of the 
Principia, strikes me as a major con- 
tribution to our growing understanding of 
the scientific revolution. 

I feel bound to add that, in my opinion, 
there are problems attached to this expo- 
sition of the concept. Professor Cohen has 
confounded what philosophers call the 
context of discovery with the context of 
justification and has insisted, almost 
perversely, in using a concept adapted to 
the context of justification to expound 
Newton’s process of discovery. Few scien- 
tists have been less autobiographical in 
their publications than Newton. He was on 
the one hand an extremely introverted man 
who was always concerned to keep his 
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distance from others. On the other hand, 
he held advanced standards of rigour and 
elegance. More than any other scholar, 
Professor Cohen himself has taught us to 
appreciate Newton’s immense care in his 
presentation as he continually revised 
everything he wrote to express his exact 
meaning. In the present book, he now asks 
us to receive these same writings as auto- 
biographical accounts of the process by 
which Newton arrived at his conclusions. 
Paradoxically, this leads Cohen wholly to 
reject the validity of genuine autobio- 
graphical statements which appear in some 
of Newton’s manuscripts. No doubt the 
statements were usually self-serving. At 
best they must be handled with caution, 
and perhaps some or even all of them need 
in the end to be dismissed entirely. Surely, 
however, it is not the published form of 
non-autobiographical works that can 
determine what to accept and what to 
reject. 

Cohen’s approach leads him to insist 
that, because Newton expressed reserv- 
ations, he never seriously entertained the 
existence of particulate forces in matter 
and that, because he stated in the Principia 
that gravitational attraction may be 
performed by impulse, he always believed 
that the final explanation of gravity would 
involve a material aether. Cohen’s own 
theory of the Newtonian style applied to 
the context of justification puts this 
material in quite a different light. With a 
remarkably cold eye, Newton dis- 
tinguished demonstration from specu- 
lation, even when the speculation 
contained some of his most cherished 
convictions, He chose not to mix mere 
belief, no matter how deeply held, with 
what he took to be demonstrations. When 
we approach his work from this angle, the 
very concept of a Newtonian style leads us 
to an account of the development of 
Newtonian science that is quite different 
from the one Professor Cohen presents. In 
my opinion, it is a more convincing 
account. We see a Newton who was the 
boldest speculator of the century, a man 
who was able to break out of the confines 
of received natural philosophy and to put 
questions no one else.could formulate. The 
Newtonian style, the separation of specu- 
lative explanatory hypotheses from mathe- 
matically. demonstrated regularities in 
hature, controlled the speculation by pro- 
posing what he could not demonstrate 
under titles such as ‘‘Queries’’. 

Thus I like the notion of a Newtonian 
style; it gives definite form to important 
characteristics of Newton that have 
hitherto not been clearly perceived and 
articulated. At the same time, I remain to 
be convinced that the Newtonian style is a 
useful instrument in the elucidation of 
Newton’sown scientific development. C: 


Richard S. Westfall is Professor of History and 
Philosophy of Science at Indiana University, 
‘Bloomington, and author of Never at Rest: A 
Biography of Isaac Newton (Cambridge 
University Press, 1981). 
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Minerals through the microscope 


R.A. Howie 


Optical Mineralogy: The Nonopaque 
Minerals. By Wm Revell Phillips and Dana 
T. Griffen. Pp.677. ISBN 0-7167-1129-X. 
(W.H. Freeman: 1981.) £24.60, $39.95. 








ALTHOUGH this book was originally 
intended to be the companion volume to 
Mineral Optics: Principles and Techniques 
(1972), to supply the necessary tables of 
properties and mineral descriptions, it 
developed into a more comprehensive 
work. There are two quite distinct parts: 
Part I contains detailed descriptions of 
most varieties of the common rock- 
forming mineral groups, while Part II 
presents an ‘‘abbreviated summary”’ 
(pp.399-665) of the optical properties of 
‘‘all’? non-opaque mineral species 
(including some first described as recently 
as 1979). The optical descriptions are illus- 
trated with orientation sketches and deter- 
minative graphs of optical properties 
against composition, though unfor- 
tunately refractive indices are given as n,, 
n, etc. rather than as a, £ as recommended 
by the International Mineralogical Associ- 
ation. For a small proportion of the 
minerals there are diagrams of the crystal 
structure, but although the compositional 
ranges are discussed there are no phase 
diagrams at all (even for the Al,SiO, 
system of the plagioclase series). Notes on 
zoning, alteration, distinguishing features 
and occurrence are included, together with 
a few selected references. 

In addition to summaries of the optical 
and physical constants of the non-opaque 
minerals, Part II also gives the typical 
habit, colour (in thin-section and in hand 
specimen), alteration and occurrence, 
together with remarks (solubility, group, 
polymorph etc.) and one reference. The 
authors state in their preface that it is 
hoped that this volume will be accepted as 
the logical successor to A.N. Winchell’s 


























Science and the President. Pergamon Press 
have recently issued in paperback Science 
Advice to the President, a volume tackling 
many of the same questions raised by Harvey 
Brooks in his review of Science at the White 
House by E.J. Burger (Nature 290, 634). The 
book is a collection of 23 essays by all but one 
of the past Science Advisers and by other well- 
qualified individuals, edited by William T. 
Golden. Prices are hbk £25, $50; pbk £5, 
$9.95. 


British Anthozoa. In his review of British 
Anthozoa (Nature 291, 520) Sir Maurice 
Yonge regretted the absence of colour 
illustrations from the book. R.L. Manuel has 
compiled another guide to anthozoans which 
contains colour photographs of all but three of 
the British species. The book was published 
last year by the Underwater Conservation 
Society and is available from UCS Sales, 148 
College St, Long Eaton, Nottingham NG10 
4GX, price £16. 





Elements of Optical Mineralogy, IE oe 


Descriptions of Minerals (Wiley, 1951)and 
Larsen and Berman’s The Microscopic 
Determination of the Nonopaque Minerals 
(US Geological Survey, 1934), both long 
out of date and out of print. Comparison 
might also be made with Kastoy’s 
Mineralogy (author’s translation edited by 
P.G. Embrey and J. Phemister), published 
by Oliver & Boyd in 1968. Certainly, Part 
of the present work will prove invaluable. 
With the rapid discovery of new minerals 
(currently at the rate of around 80 each 
year) no single work can ever contain all 
critical data on all non-opaque minerals, 
but mineralogists will be in debt to Phillips 
and Griffen for some years. 


In Part I, the detailed descriptions of the 9 


commoner rock-forming minerals are well- 
presented, yet surely are not quite detailed 
enough. Comparison is inevitably to be 
made with Batrey’s Mineralogy for 
Students (Oliver & Boyd, 1972) or Deer, 
Howie and Zussman’s Introduction to the 
Rock-Forming Minerals (Longmans, 
Green, 1966). Admittedly the present work 
is concerned with epfical mineralogy, but it 
does include sections on the oecurrence of 
the various minerals and these are not 
always sufficient for a petrologically 
inclined. mineralogist, e.g. for the garnet 
group. Nor are the references particularly 
up-to-date — the most recent augite 
reference is toa 1970 paper, and for biotite, 
1966, though perhaps this is merely a 
reflection of the increasing use of X-ray 
and electron microprobe techniques in 
preference to those of optical mineralogy. 
The amphibole sections take no account of 
the IMA rulings (1978) for the nomen- 
clature of this group. Nevertheless this des- 
criptive part of the book is well-produced 
and attractively presented with numerous 
clear diagrams anc quite a few microphoto- 
graphed pairs (taken with. plain-polarized 
light and with crossed polars). It must be 
said, however, that after the colour photo- 
graphs in MacKenzie and Guilford’s recent 
Atlas of Rock-forming Minerals’ in Thin 
Section (Longman, 1980), these black-and- 
white photographs seem uninspiring. 
Perhaps the biggest surprise about this 

book is the juxtaposition of the two parts 
which would seem to cater for rather 
different levels of readership. The listing of 
properties of all known non-opaque 
minerals in Part I] will appeal to final-year 
honours students and particularly to 
research workers at all levels, whereas the 
mineral descriptions in Part | would, inamy 
opinion, be insufficient for a final year 
honours course in geology. It is, however, 
remarkably good value at under £20; all 
libraries catering for the earth sciences 


should have it, El 


R.A: Howie is Professor of Mineralogy at 
King's College, University af London. 
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Hennig in English: hypotheses for entomology’ S systematists 


R. A. Crowson 


Insect Phylogeny. By W. Hennig. 
Translated and adapted by A. C. Pont, 
with revisionary notes by D. 
Schlee. Pp.514. ISBN 0-471-27848-3. 
(Wiley: 1981.) £28, $84. 








Wittt Hennig’s 1969 volume, Die 
Phylogenie der Insekten (published by 
Waldemar Kramer), while undoubtedly a 
work of scholarly importance, received 
rather less than due attention in the 
English-speaking world. At the time of his 
death in 1976, Hennig was accumulating 
notes for a revised English-language 
version of the work. In its lieu, the present 
volume provides a translation of the 1969 
text into good. and readable English, 
interspersed with Hennig’s surviving notes 
for a revision, and supplementary notes by 
“younger, mainly German entomologists 
designed to bring into consideration work 


published since 1968. The bibliography 
now includes some references as recent as 
1980. 

The ‘‘methodological introduction’’ 
summarizes Hennig’s phylogenetic 
methods, more fully set out in his 
Phylogenetic Systematics (University of 
Illinois Press, 1966). It is followed by a 
review of Palaeozoic and Mesozoic fossil 
data on insects, a systematic account of the 
phylogenetic relations of modern insects 
down to about order or suborder level, and 
a more detailed review of the phylogenetic 
relations of Mesozoic insects. [lhustrations 
are mainly dendrograms or pictures of 
wings; the bibliography is extensive though 
far from exhaustive. 

The main phylogenetic conclusions, not 
significantly changed by the later 
annotations, agree largely with those of 
Boudreaux’s Arthropod Phylogeny with 


Forms of magnetic behaviour 


B. R. Coles 


Introduction to the Magnetic Properties of 
Solids. By A.S. Chakravarty. Pp.696. 
< ISBN 0-471-07737-2. (Wiley: 1981.) £35, 
$81. 


MAGNETISM continues to present 
challenges to our physical insight and 
: abilities to produce firmly based formal 
theories. With its wide range of phe- 
nomena and richness in relevant concepts 
(spin, exchange, spin-waves, domains, 
ferromagnetism, spin density. waves, 
crystal fields and so on), it is a much more 
difficult subject to present to the student in 
an orderly fashion than, on the one hand, 
classical electricity and magnetism or, on 
the other, quantum mechanics. Faced with 
this dilemma authors either accept the 
-complexity and diversity of the real world 
of the magnetic properties of matter or turn 
their back on it until they have laid the 
formal theoretical foundations which they 
are convinced will ultimately be the basis of 
explanations of the behaviour of all 
magnetic matter. As this book (which is 
firmly in the second category) shows, the 
difficulty of the latter approach is that the 
materials and properties described tend less 
to be those of intrinsic interest than those 
that illustrate the bits of theory that can be 
tackled fairly rigorously. It contains very 
few figures showing the behaviour of real 
materials (the first is on p.150 and the 
second on p.265) and those are chosen 
solely to compare with rather specific 
calculations rather than because of their 
power to illustrate important effects. 
For the theoretical physicist who seeks 








interesting problems that give promise of 
possible solutions with existing techniques, 
this will be a helpful introduction that 
moulds his thinking along the lines that 
have been thoroughly explored and found 
useful. It does not, however, give the 
introduction promised in the title to the 
magnetic properties of real solids in all 
their diversity or even to some modern 
theoretical developments. Some omissions 
are understandable, given the tenor of the 
book, but it is strange to find a transition 
from an account of the band theory of 
solids to theories of itinerant ferro- 
magnetism — which oddly fails to refer the 
student to Herring’s classic text 
(Magnetism edited by G. Rado and H. 
Suhl, Vol IV; Academic Press, 1972) — 
with no reference to the susceptibilities of 
metals that do not become magnetically 
ordered. The treatment of spin-wave 
spectra is surprisingly brief and there is no 
discussion of the powers of neutron 
scattering in their investigation. There is 
also no discussion of the phase transition 
aspects of magnetism which are currently a 
focus of much theoretical effort — 
“critical phenomena” and ‘‘trenormali- 
zation group” do not appear in the index. 
It is a pity that space that might have 
introduced even these theoretical aspects 
was taken up with extended treatments of 
standard background theoretical 
formalism which are easily found 
elsewhere. i 





B. R. Coles is Professor of Solid State Physics at 
Imperiai College, University of London. 


Special Reference to Insecta (Wiley, 1979) 
who also applied Hennigian methods, 
though Hennig goes into more detail. A 
notable feature is the use of a numerical 
system denoting taxa, based on Hennig’s 
belief that phyletic splittings are almost 
always binary, these numbers being 
directly convertible into a topologically 
correct dendrogram. One effect of the 
binary system is the use of a large number 
of classificatory levels — thus it takes eight 
splittings to get from Insecta 
(= Hexapoda) to an order such as Diptera, 
though only two to Diplura. 

Perhaps the most important of the 
additions are due to Dieter Schlee, who 
brings into consideration a good deal of 
recently described fossil evidence, not 
known to Hennig in 1969. Otherwise, the 
later annotators seem mainly concerned 
with promulgating their own views about 
particular orders, not always in a very 
scholarly manner. Some of these writers, 
and even Hennig himself, may at times be 
accused of unduly dogmatic assertion — 
thus Hennig states that the theory of a 
blood-sucking ancestor for Diptera ‘‘is 
certainly not correct’; Mickoleit writes 
“There is no longer any doubt that the 
Mecoptera are a monophyletic group’’; 
and Kinzelbach states flatly that 
“Strepsiptera have no evident gula’’. 
Hennig himself, and M. Baehr, are both 
guilty of misunderstanding and 
misrepresenting my own views on the 
Coleoptera at some points. 

For the non-entomological systematist, 
the work should be of interest as the 
example of Hennig’s own application of his 
method to higher-level classification of a 
major section of the animal kingdom. The 
data used in this work are drawn almost 
entirely from the fields of classical 
comparative anatomy and palaeontology; 
its conclusions should be taken as scientific 
hypotheses, which could be tested against 
evidence from fields such as 
“macromolecular systematics’? not taken 
into account by Hennig and his co- 
workers. 

It is to be regretted that neither Hennig 
nor his annotators have tried seriously to 
establish ancestral modes of life for the 
taxa with which they are concerned. The 
result is that the book has little of interest to 
the new, rising school of palaeoecologists, 
or even to palaeogeographers, despite 
Hennig’s own interest in geographical 
distribution as evidence for phylogeny. 
The main users of the book will 
undoubtedly be entomologists and 
palaeoentomologists, for whom this well 
produced volume should be a desirable 
acquisition. 


R. A. Crowson is a Senior Lecturer in the 
Zoology Department at the University of 
Glasgow. 
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CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his 
absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes, 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE. DATE, 


UNIVERSITY OF 
DURHAM 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 
LECTURESHIP 

IN | 
CHEMISTRY 


tenable in the Department of 
Chemistry from Ist January, 1982. 
The successful candidate will be 
expected to fulfil all the normal duties 
of a University lecturer and teaching 
responsibilities will primarily be in 
Organic Chemistry. It is anticipated 
that the person’s research interest will 
be complementary to those of staff in 
the department and preference will be 
iven to candidates with an interest in 
lasma Synthesis and/or Surface 
Aspects of the Organic Solid State. 


Salary on the scale £6,070 — 
£12,860 with superannuation benefit. 


Applications (3 copies) naming 
three referees should be sent by 
September 11th to the Registrar and 
Secretary, Science Laboratories, 
South. Road, Durham DH1 3LE, 

_ from further particulars are 
available, INDA 





OXFORD UNIVERSITY 
PRESS 


EDITORIAL ASSISTANT 
(Science) 
for A Supplement to the OED 


A vacancy has arisen in Oxford for an 
Editorial Assistant on the staff of the 


Supplement to the Oxford English |: 


Dictionary, researching and writing 
entries, for scientific terms in the 
fourth volume (Se-Z). 


Applicants should have a good 
degree in a life science and some 
further relevant experience. A 
historical sense, a broad interest in 
scientific terminology and the use of 
English, and some réading 
knowledge of German are desirable. 


The appointment will be for a fixed 
term of four years, with a salary on 
the scale £4,515 to £6,715 according 
to age and experience. 


Application should be made in 
vhandwriting to John Swanzy, 
Personnel Department, Oxford 
-University Press (Publishing), 
Walton Street, Oxford OX2 6DP, 
with a full curriculum vitae and the 
names and addresses of two referees. 

: (QIT2IA 














NATURE CLASSIFIED. 


LONDON OFFICE Jean Neville 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) 
AMERICAN OFFICES NEW YORK Cathy Moore 15 East 26 Street, New York, NY 10010 — Telephome (212) 689 5900 
PHILADELPHIA Dan Adams (215) 353 6191 @ SAN FRANCISCO JJHS (415) 392 6794 


PASADENA JJHS (213) 796 9200 @ DALLAS Roy McDonald (214) 941 4461 


THE UNIVERSITY 
OF AUCKLAND 
New Zealand 


GEOGRAPHY — 
LECTURESHIPS 


Applicants should have ‘research and 
teaching interest within one or more 
of the following fields: Human 
Geography, especially Social or 
Economic Geography; Physical 
Geography, especially 
Biogeography; Remote Sensing, 
Resource Management. 


Commencing salaries will be 
determined in accordance with quali- 
fications and experience. Present 
salary scales are: Lecturers, 
NZ$19, 140 — $23,520; 


Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar 
(Academic Appointments), 
University of Auckland, or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications in accordance with 
‘Method of Application’ should be 
forwarded as soon as possible but not 
later than the closing date stated. 


Closing Date: 2 October 1981. 
(IITA 


f 
| 
| 
| 
| 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
PHARMACOLOGY AND 
THERAPEUTICS | 
POSTDOCTORAL-SENIOR 
RESEARCH ASSISTANT 


Applications are invited for a 
postdoctoral Senior Research 
Assistant supported by the 
Merseyside Regional Health 


Authority and the British Heart | 


Foundation, to investigate the 
mechanisms of action of vitamin K 
and anticoagulants. A knowledge of 
high performance liquid chromato- 
graphy techniques would’ be 
advantageous, but not essential. 
Candidates should possess a higher 
degree in chemistry, biochemistry, 
pharmacology or related subjects. 


The appointment is for two years, 
commencing 1 October, 1981, at an 
initial salary of £6,070 per annum 
with USS Benefits. 


Applications. (two copies), 
together with the names of three 
referees should be received as soon as 
possible, to The Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX. Quote Re. RV/852. 

(9145)A 















ROYAL FREE HOSPIT 
SCHOOL OF MEDICIN 
(University of London} 


DEPARTMENT OF 
NEUROLOGICAL SCIENCE i 
SENIOR TECHNICIAN 

required to operate fluorescent 
activated cell sorter, working. in a 
research group studying t 
immunology of myasthenia gravis 
and related disorders. Experience ino: 
relevant physics, instrumentation.of 
cellular immunology preferred. Ref: 
ITT/ST 
TECHNICIAN 
required for raising monoclonal 
auto-amtibodies, working in a 
research group studying- the 
immunology of myasthenia gravis.” 
and related disorders. Experience of 
cell culture essential. Refi ITT/T. = 


Both posts available for 5 years: 
from October Ist 1981, based at the 
Royal Free Hospital, Hampstead, 
Salaries on appropriate Whitley. 
Council Scale. Application forms are = 
available from the School Secretary, 
Royal Free Hospital School’ o 
Medicine, 8 Hunter Street, London 
WCIN IBP. (01-837 5385. ext. $4), 
Please quote appropriate reference, 
Closing date 31 August 1981. 

(9170A S 


















British Museum (Natural History) | 


Electron Microscopist 


Appointment as Scientific Officer 

£5,825 — £7,495 (salaries under review) wath 
starting salary according to qualifications 
and experience. 


quality and recording results; 
first line maintenance of 
microscopes and high 
vacuum units and 
maintenance of a smali 
library. 

Candidates normally under 
27, should have a degree in 
biological sciences. 
Experience as a technician 
in an electron microscope 
unit would be 
advantageous. 


... to join a team involved in taxonomic 
research covering the whole field of 

natural science. Work includes preparing 
material for both scanning and 
transmission microseopy; monitoring 










For futher details and 
application form (to be 
returned by 31) July 19817) 
write to Civil Service 
Commission, Alencon Link, 
Basingstoke, Hants RG2) 
118, or telephone 
Basingstoke (0256) 63551 

+, lanswering service 
operates outside office 
hours). Please quote ret: 
SB/60/DK. 


{9125A 
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Monsanto 



















new appointments for 


a large organization with European Headquarters in 
Brussels and Research facilities in pleasant 
surroundings at Louvain-la-Neuve, 30 km South of 
Brussels, is expanding its Agriculture Research 
Programs in the field of plant growth regulators. 


The Biological Evaluation section intends to make 


SCIENTISTS 


with the ability to carry out and direct fundamental 
and applied research projects. These projects will be 
related to the discovery and development of plant 
growth regulators for use in major arable crops. 


Applicants should have a PhD in plant science or 
agronomy, a strong background of plant/crop 
physiology, preferably 2 years of experience in 

applied crop research and a proven ability to 
supervise research teamwork. 


Candidates should apply in writing to Personnel 
Department, Monsanto Technical Center, rue Laid 
Burniat, B-1348 Louvain-La-Neuve, Belgium. 


Monsanto 


(W386) A 





Athrofa Gogledd-dd Cymru 
The North E Wales Institute 


of higher education 






















SCHOOL OF NATURAL SCIENCES 


RESEARCH DIVISION 
KELSTERTON COLLEGE, CONNAH'S QUAY, DEESIDE, CLWYD. 


RESEARCH 
SCIENTIST 


IN PHOTOCHEMISTRY AND 

RADIATION CHEMISTRY 

This is an established research position within the School 
of Natural Sciences, which undertakes considerable work 
with industrial collaborators. Applicants should have a 
research degree and initiative and must be familiar with the 
techniques of pulse radiolysis and nanosecond laser flash 
photolysis. 

Salary within the range of £5,034 to £8,658 with promotion 
to higher grades possible if the appointee is successful. 
Further details and application forms are available from the 
Institute Registrar, The Coach House, Kelsterton 
Road, Flint, Clwyd. Telephone Deeside 816236. 
Closing date for receipt of applications 31st are A 





SENIOR PROFESSORSHIP IN 
INORGANIC CHEMISTRY 
Professor, University of Florida, 


inorganic chemistry, with an 
active program in internationally 
recognized inorganic chemical 
research. Teaching duties may 
include undergraduate and 
graduate level inorganic courses. 
Top-level salary with major 
departmental research support. 
Preferred starting date: August, 
1982. Direct inquiries or 
applications to Professor Harry H 
Sisler, Chairperson of Search 
Committee, Department of 
Chemistry, University of Florida, 
Gainesville, FL. 32611. 
Applications should include 
complete curriculum vitae, biblio- 
gtaphies of publications, 
indication of on-going and 
probable future research 
interests, and a list of three or 
more references who will be 
asked to supply letters of recom- 
mendatin {a university personne! 
requirement). The University of 
Florida is an Affirmative Action/ 
Equal Employment Opportunity 
Employer. Application deadline: 
November 15, 1981. (NW766)A 




























ecb as IN caste da a gansta Wat ei itr ie pre omen ain 


THE UNIVERSITY 
OF AUCKLAND 
New Zealand 
SCHOOL OF MEDICINE 
CHEMICAL PATHOLOGY — 
ASSOCIATE- 
PROFESSORSHIP OR 
SENIOR LECTURESHIP 


Candidates must hold a medical 
qualification registrable in New 
Zealand, together with a recognised 
postgraduate qualification in 
Pathology (for example FRCPA or 
MRC Path). The successful applicant 
will be involved in the undergraduate 
and postgraduate teaching courses in 
Pathology, and will be expected to 
pursue actively research projects rele- 
vant to interests. The person 
appointed will be attached to, or in 
charge of, the Chemical Pathology 
Laboratory Service at Auckland 
Hospital. 


Commencing salaries for 
medically qualified staff will be 
established in accordance with quali- 
fications and experience: 


Associate-Professors: At present 
salaries for Associate-Professors are 
established within the range 
NZ$42,817 ~~ $48,286 per annum. 


Senior Lecturers: NZ$32,162 x 7 
annual increments to $40,258 per 
annum, Senior Lecturers may be paid 
an appropriate allowance for clinical 
responsibilities. 


Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar 
(Academic Appointments), 
University of Auckland, or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 


Applications, in accordance with 
‘Method of Application’, should be 
forwarded as soon as possible but not 
later than 30 September 1981. 

(154A 





UNIVERSITY 
OF BIRMINGHAM 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH FELLOWSHIP 


Applications are invited for a 
Research Fellow to work with Dr $ J 
Ferguson on an SERC project 
entitled “Structural and Mechanistic 
Studies on Proton Translocating 
ATPases”. The main emphasis will 
be on identifying and sequencing 
specific peptides from functionally 
important parts of the mitochondrial 
and bacterial enzymes, but some 
enzymological work is also 
anticipated. Experience in protein 
chemistry advantageous although 
not essential. 


The appointment is for three years 
commencing Ist October 1981 (or as 
soon as possible thereafter) in the 
range £6,070 to £10,575. Starting 
salary not expected to exceed £6,880. 


Applications (2 copies), including 
a curriculum vitae and the names of 
three academic referees, should be 
sent by 20th August 1981 to Jane 
Nelson, Senate Registry, University 
of Birmingham, PO Box 363, 
Birmingham B15 2TT, from whom 
further details may be obtained. 

QIME 
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Molecular 
Biologist/Biochemist 


Sittingbourne, Kent 


Shell Research Limited has a vacancy for a post-graduate molecular biologist/biochemist 
to join a multidisciplinary group investigating the nature of chemical carcinogenesis and 
developing novel techniques for predicting carcinogenicity. The major challenge of the 
job will be to apply modern techniques of molecular biology, particularly recombinant 
DNA methodology, to solve toxicological problems. 

The candidate we are looking for will be a first class experimentalist, aged up to 30 
years, who possesses an excellent grasp of modern concepts of the structure, function 
and regulation of DNA. 

The Research Centre has modern, well-equipped laboratories situated on a 450 acre 
farmland site near Sittingbourne. We offer a competitive salary and assistance will be 
given with relocation expenses where appropriate. You will be able to join our pension 
fund and other benefits include a subsidised staff restaurant and excellent sports and 





social facilities. Please write or telephone for an application form to: 
Shell Research Ltd., Recruitment Division, PNEL/25 (N2), Shell Centre, London, 


SE: 7NA. Telephone: 01-934 2948. 





{9176)A 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 


FACULTY OF 
AGRICULTURE 


RESEARCH 
ASSOCIATE 


Applications are invited for the 
temporary post of Research Associ- 
ate in the Department of Agriculture 
for a period of 2 years to work ona 
project sponsored by the Opencast 
Executive of the NCB. The work will 
be to evaluate and improve the agri- 
cultural potential of land restored 


after opencast coal mining and will | 


involve detailed investigation of grass 
and cereal root growth in both undis- 
turbed and restored sites. Candidates 
must have recent research experience 
in a related area of study. 


The appointment will be made at 
the appropriate point on the scale for 
research and analogous staff: Range 
TA £6,070 — £10,575 according to 
age, qualifications and experience. 


Further particulars. may be 
obtained from the Senior Assistant 
Registrar (FP), University of New- 
castle upon Tyne, 6 Kensington 
Terrace, Newcastle upon Tyne NEI 
7RU, with whom applications G 
copies) together with the names and 
addresses of 3 referees should be 
lodged not later than Ist September 

1981. Please quote reference N. 
; {9122A 


i 





| Registrar, 


THE UNIVERSITY OF 
MELBOURNE 
CHAIR OF MATHEMATICS 


The University of Melbourne invites 
applications for a Chair of 
Mathematics, which is one of four 
chairs in the Department of 
Mathematics. The Chair recently 
became vacant following the 
resignation of Professor Leon Simon 
to take up a chair in the Institute of 


| Advanced Studies, Australian 


National University. The appointee 
will be expected to develop teaching 
and research in a branch of 
Mathematics. Applicants in analysis, 
differential geometry, and topology 
are particularly sought. It is not 
intended to appoint a person whose 
main interests are in the applications 
of mathematics. 


Salary: $441,509 per annum. 


Further information about the 
position, application procedure, 
superannuation, travel and removal 
expenses, housing assistance and 
conditions of appointment are 
available from the Registrar or from 
the Association of Commonwealth 
Universities (Appts.}, 36 Gordon 
Square, London WCIH OPF. All 
correspondence (marked ‘‘Con- 
fidential’') should be addressed to the 
The University of 
Melbourne, Parkville, Victoria 3052, 
Australia. 


Applications close on 31 October 
1981. (9149)A 















A WCAC 
atenatatetetel 
SO 


CONNECTIVE 
TISSUE 
BIOCHEMIST 











Exceptional opportunity to join the Merck Sharp & Dohrne 
Research Laboratories highly regarded professional staff. We are 
presently seeking a PhD Biochemist to join a team of Cell 
Biologists, Immunologists and Biochemists:who are studying 
various aspects of the effector mechanisme of immune-based 
inflammation with particular ernphasis on connective tissue 
degradation. The successful candidate will oe expected to 
develop and utilize state-of-the-art technolagy for measurement 
of connective tissue breakdown and turnover with the aim of 
developing new animal models of chronic inflammation, A good 
basic training in Biochemistry with emphasis on connective tissue 
biology and immunological methods is highty desirable. 

Salary and benefits highly competitive. 

Send résumé to: Susan R. Jenkins, Dept. MN., 

Personnel Manager, Merck & Co., ine., 

P.O. Box 2000, Rahway, New Jersey 07065- 


4:& MERCK & CO. INC. 


Md 
K An equal opportunity employer, mf. 


(NWA 
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THE UNIVERSITY OF GARYOUNIS, THE SOCIALIST 
PEOPLE’S LIBYAN ARAB JAMAHIRIYA, INVITES 





APPLICANTS TO TEACH FROM THE BEGINNING OF 


Faculty of Science (Benghazi) in the following 
fields. 

Geology Department: 

1. Geophysics. 

2. Crystallography. 

3. Petroleum and Subsurface Geology. 

4. Field methods and Geological Mapping. 
General requirements: 

1. Applicants should hold a PhD degree or its 
equivalent from a recognised university. 

2. Experience in university teaching preferable. 
3. Teaching is in Arabic or English language. 
General information: Basic annual salary: 


SEPTEMBER 1981 IN THE FOLLOWING FACULTIES: 


accommodated in a furnished flat within the 
campus. 

Research and consultation opportunities are 
available. Funding individual research projects 
will be considered. Details furnished upon 
request. The academic year begins on 

1 September 1981. Ranks and salaries 
commensurate with experience. On termination 
the staff member will receive a gratuity of two 
months salary for each completed year of 
service payable at the end of contract. 

Round trip air tickets from the place of 
recruitment to Benghazi are given to the staff 
member and family (up to four children under 

18 years) at the beginning and end of contract. 
In addition a baggage allowance of up to 25% of 
the price of the air ticket. Leave travel tickets 
to the place of recruitment for the staff member 





Professor 8640 to 9720 LD 
Associate Professor 7560 to 9640LD 
Assistant Professor 6840 to 7560 LD 
Lecturer 6240 to 6843 LD 
Assistant Lecturer 5265 to 6237 LD 


One Libyan Dinar (LD) is equivalent to 
approximately £1.50 or US 3.33 Dollars. 
Housing is provided by the University: 


additionally a furniture allowance of 2 months 


basic salary is provided for married 
accompanied staff: single staff will be 


Wessex Regional Cytogenetics 
Unit, General Hospital, 
Salisbury, Wiltshire 


A vacancy exists in the above Unit for a Clinical 
Cytogeneticist (Senior Scientific Officer). 
Applications are invited from candidates with 
experience in human cytogenetics research and 
with special interest in developing methods for 
early diagnosis of neoplasia from serious 
effusions and solid tumours. 

He/she should be able to plan and maintain the 
research programme of the Unit. 

Application forms can be obtained from the 
District Personnel Officer, Odstock Hospital, 
Salisbury, Wilts SP2 8BJ. 

Further details from Dr M Seabright, Tel: (0722) 
6212 ext 669. Closing date for receipt of 
completed applications 17th August 1981. 
(9175)A 


SALISBUR 
Health District 





and his family are given every year, The 
University provides free medical treatment. 
Applications including resumés should be sent 


to: 


The Secretary of the Popular Committee, 
Faculty of Science, University of Garyounis, 
Benghazi, The Socialist People’s Libyan Arab 


Jamahiriya, 


GLASSHOUSE CROPS 
RESEARCH INSTITUTE 
requires a 
BOTANIST OR 
HORTICULTURIST 


to join the Hardy Ornamental 
Nursery Stock Section of the Crop 
Science Division to work on con- 
tainer production of hardy orna- 
mentals with emphasis on the 
physical aspects of container growing 
and/or problems associated with 


field establishment of plants from 


containers. 


The post is designated Scientific 
Officer Band H/Higher Scientific 
Officer Band H and is suitable for 
person with interest in agrometeo- 
rology and environmental physics. 


Qualifications: Degree in relevant 
subject or HNC with appropriate 
experience for appointment at SO 
level, and at least 3 years post- 
qualifying experience required for 
higher grade. 


Salary within scale £4,809 to 
£6,480 (SO), £6,075 to £7,999 (HSO) 
according to qualifications and 
experience. Non-contributory super- 
annuation scheme. Annual leave 20 
days (SO) or 22 days (HSO). 


Application forms and further 
details from Administrative 
Assistant, Glasshouse Crops 
Research Institute, Worthing Road, 
Rustington, Littlehampton, West 
Sussex BN16 JPU. Closing date for 
applications 14 August, 1981. 

(9164)A 
















(9138)A 




















UNIVERSITY 
college of 
swansea 


Research Demonstrators 


Applications are invited for two 
vacancies of Research 
Demonstrators in the 
Department of Genetics. 
Candidates should have or expect 
shortly to have a PhD and be 
active in research. For one post, 
experience in evolutionary 
genetics, and for the other, 
experience in microbial genetics 
(especially bacterial plasmids} is 
desirable. The successful appli- 
cants will be invalved in laboratory 
and tutorial teaching. 

The appointments which will date 
from October 1 1981 or as soon as 
possible thereafter, will be for 1 
year in the first instance and will 
be on a scale up to £6,880 pa 
together with USS/USDPS 
benefits. 

informal enquiries may be 
made by telephone to 
Professor J A Beardmore or Dr 
J M Parry (0792 205678) but 
application forms must be 
obtained from the Personnel 
Office, University College of 
Swansea, Singleton Park, 
Swansea SA2 8PP to which 
office they should be returned 
by August 20, 1987. (9169A 
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ENZYME 
MECHANISM 
Ph.D’s 


THE 
SEARCH 


INTERNATIONAL PLANT RE- 
INSTITUTE (IPRI) 


invites 


applicants for its rapidly expanding 


programs 


in advanced molecular 


genetics. Applicants with significant 


records of frontier achievements are 
invited to join a strong team of 


innovative scientific 


leaders in the 


pleasant San Francisco area. 
Send résumé with recent publications 


to: 


DIVISION OF MOLECULAR 


GENETICS, 


IPRI, 


853 industrial 


Road, San Carlos, Calif. 94070. 


Equal Opportunity Employer, M/F 


UNIVERSITY OF YORK 
CANCER RESEARCH UNIT 
1 POST-DOCTORAL 
RESEARCH FELLOW 
2 RESEARCH ASSISTANT 


Applications are invited from 
suitably qualified persons for the 
posts of postdoctoral research fellow 
and research assistant in the above 
Unit, which specialises in chemical 
carcinogenesis. 


The above staff are required to 
work on a project funded by the 
Health and Safety Executive on 
investigating the biological activity of 
nitrated polycyclic aromatic 
hydrocarbons (PAHs) and their 
possible presence in air-particulates 

“in industrial locations. 


The project is funded for three 
years from 1 October 1981. Salary 
scales are as follows: 


Post-Doctoral Research Fellow — 
Research Scale 1A (£6,070 — £10,575) 
“Research Assistant — 

Research Scale 1B (£5,285 — £7,700) 


Starting salary according to age, 
qualifications and experience. 


Six copies of applications, 
including full curriculum vitae and 
naming three referees, should be sent 
by 7 August 1981 to the Registrar, 
University of York, Heslington, 
“York YOL 5DD, from whom further 

‘particulars are available. Please 

“quote reference number 6125 for 
Post-doctoral Research Fellow 
applications and 7095 for Research 
“-Assistantapplications. (9120)A 








(NW763)A 





AGRICULTURAL 
RESEARCH COUNCIL 
FOOD RESEARCH 
INSTITUTE 
SCIENTIFIC SERVICES & 
DEVELOPMENT DIVISION 
PHYSICIST/PHYSICAL 
CHEMIST 
(SCIENTIFIC 
OFFICER/HIGHER 
SCIENTIFIC OFFICER) 


A Scientific Officer/Higher 
Scientific Officer is required to join a 
team of three in the Mass Spectro- 
metry Group to be responsible for the 
development of techniques in mass 
spectrometry and related chromato- 
graphy and microscopy to meet the 
needs of the Institute’s research 
programme and to provide a central 
Mass Spectrometry Service to other 
ARS Institutes and Units. 


Qualifications: A ist or upper 
second class Honours degree in 


Physics or Physical Chemistry | 


together with experience of mass 


spectrometry and HPLC. A 


minimum of 2 years post-qualifying 
experience will be required for HSO 
grading and a PhD will be preferred. 


Salary: On a scale £4,809 — £6,480 
(SO), £6,075 — £7,999 (HSO), Under 
review. Non-contributory superan- 
nuation scheme. 


Further particulars and 
application form from the Secretary, 
Food Research Institute, Colney 
Lane, Norwich NR4 7UA quoting 
ref. 80/38. Closing date: 6th August 
1981. BLIDA 








| 
| 





CSERO AUSTRALIA 
Research Scientist/ 


Senior Research Scientist 
(Research Fellow) 


Division of Forest Research Canberra Act | 


CSIRO has a broad charter for research into primary and ae 
secondary industry areas. The Organization has approximately 7,400 


employees — 2,500 of whom are research and professional scientists ee 


— located in Divisions and Sections throughout Australia. 

Field: Forest Fire Suppression (Project Aquarius). 

General: The Division of Forest Research is concerned with the 
long term use of Australian forests — both conifer plantations and 
the native eucalypt forests — for wood production, water supply, 
wildlife conservation and recreation. The Division will establish a 


project team to investigate the effectiveness of alternative techniques fo 


for suppressing forest fires in Australia, The project will investigage: o) 
The effectiveness of large air-tankers anc fire retardants for i 
suppressing fires of varying intensity. 

The effectiveness of conventional fire fighting techniques under 

similar conditions. 

A cost/benefit analysis of forest and bush fire suppression in 

Australia. 

The multidisciplinary project team will be expected to carry out 

extensive field work, it will work with officers of a State Forest 

Service and scientists from other organizations engaged in contract 

research on this project. 

Duties: As part of a team, design, undertake and evaluate 
experiments to measure the suppression effectiveness of a large air 
tankers dropping water and fire retardant chernicals on fires of 
varying intensities. 

Note; Duties will involve prolonged field work of up to three 
months duration in summer. 

Qualifications: A PhD or equivalent research experience in an 
appropriate area, e.g. forest fire suppression, air tanker operations. 
Operational experience on fire suppression desirable. 

Salary: Research Scientist/ Senior Research Scientist (Research 
Fellow) $A19,662 — $A28,564 pa. Outstanding applicants may be 
considered for appointment at a higher level. 

Tenure: Three years. Superannuation benefits available. 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting reference»number A3665 should 
reach: The Personnel Officer, Australian Scientific Liaison Office, 
Australia House, Strand, London WC2B 4LA by 28 August 1981. 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 
Washington DC 20036. 

Current vacancies in CSIRO appear on PRESTEL page 252903. 

(HIERA 








CHAIRMAN 
DEPARTMENT OF GENETICS 
The University of Utah, School of Medicine, Salt Lake City, Utah; 
invites nominations and applications for the position of Professor and: 
Chairman of the new Department of Genetics. This position requifes a 
person with an outstanding research program in genetics, as well as, 


administrative and leadership qualities, who will interact with both | : 


clinical and basic science faculty. This new departrnent will provide the 
opportunity and requirement to recruit strong faculty. 

The university is an equal opportunity/affirmative. action employer, 
thus applications from women and minorities are encouraged. 
Inquiries including a curriculum vitae, should be sent to Dr John A 
Dixon, Chairman Genetics Search Committee, Departrnent of Surgery, 
School of Medicine, Salt Lake City, Utah 84132. Closing date 


September 15, 1981. [NW X764)A, 
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Hereford Area Public Health Laboratory 
Director 


Leptospira Reference Unit 
Principal Grade Microbiologist 
Salary scale £9,720 — £13,635 


The Leptospira Reference Unit, currently located at Colindale 
London, but planned to transfer to become an integral part of 
the Hereford Area Public Health Laboratory requires a successor 
to the present Director who will be retiring in November. 

The person appointed will work initially as the Deputy Director at 
Colindale, and thereafter at Hereford, as Head of the Reference 
Unit, under the overall direction of the Director of the Hereford 
Public Health Laboratory Service Laboratory. 

The Unit provides a reference and a research centre for work on 
pathogenic leptospires with emphasis on the diagnosis of 
leptospirai infection in man and on support for epidemiological 
investigations. The Microbiclogist appointed will be responsible 
for the development of the Unit's scientific programme and for 
the day to day management of the diagnostic and reference 
services. 

Candidates for this post should have a relevant higher degree or 
other qualifications supported by experience of both research 
and medical microbiology, experience in the field of leptospires 
whilst desirable is not essential. 

interested candidates who would like to discuss this 
appointment may do so by arrangement with: The Director of 
the Service, Dr. J. E. M. Whitehead, Telephone 01-200 1295 
extension 35. 

Further particulars are obtainable from the Secretary to 
the Public Health Laboratory Service Board, 61 Colindale 
Avenue, London NE95EQ:to whom applications should be 
sent stating date of birth, qualifications, experience and 
published work, and naming three referees. Closing date 
14th August 1981. 


PHLS Centre for Applied 
Microbiology and Research 
Bacterial Metabolism Research Laboratory 


Senior Microbiologist 


Starting salary £7,674 rising by 
annual increments to £9,921 


Applications are invited from microbiologists with an interest in 
anaerobic bacteriology and bacterial biochemistry to work on 
the intestinal bacterial flora in relation to chronic and malignant 
disease of the gastro-intestinal tract. 

For further details of the work involved please contact the 
Director of the Bacterial Metabolism Research Laboratory, Dr. 
M. J. Hill (telephone 01-205 6144). The starting date will be 
November 1st, or earlier, when the laboratory transfers from 
Central Public Health Laboratory, Colindale, to the Centre for 
Applied Microbiology and Research, Porton Down. 

The post will be for an initial period of 1 year with possibility of 
further extensions to 3 years. 


Basic Grade 
Microbiologist 


Current salary scale £4,839 — £7,110 


to work on the intestinal bacterial flora in relation to chronic or 
malignant intestinal disease. The applicant should have an 
interest in anaerobic bacteria and in bacterial biochemistry. The 
laboratory is currently situated at Colindale, London NW9 but 
will move to the Centre for Applied Microbiology and Research 
on November ist 1981. 
For further details contact the Director of the Bacterial 
Metabolism Research Laboratory, Dr. M. J. Hill. Telephone 
01-205 6144. 
NHS Conditions and terms of employment will apply. 
Applications for the abeve 2 Posts with full curriculum 
vitae stating date of birth, qualifications, experience and 
names and addresses of three referees should be made to 
Mrs. M. Bushby, Personnel Officer, PHLS 
Centre for Applied Microbiology and 
Research, Porton Down, Salisbury, 
Wittshire SP 0JG. Telephone Idmiston 
(0980) 610391. Closing date 


14th August 1981. anA 
8) I Public Health © 
JJa Laboratory Service 
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Colaiste na hOliscoile Corcaigh 
University College Cork 


IRELAND 


RESEARCH SCIENTISTS IN 
MICROBIOLOGY 


required to work on the molecular Biology of Nitrogen Fixation in Root 
Nodule Bacteria 


1 Geneticist/Molecular 
Biologist 


preferably with a PhD to work on a project involving the genetic 


engineering of root nodule bacteria, Capabilities in recombinant DNA 
technology would be an advantage but is not essential as training will be 


| 2 Microbiologist/ Microbial 
Physiologist 


preferably with aPh D degree, to work on the physiology and regulation of 
CO, metabolism in rhizobium. This position is tenable in the first instance 


for one year with the possibility of renewal for a further year. 


These positions are supported by the NBS and available from the ist 
| October 1981. Salaries will be on the appropriate national scales (IR £6,234 
| — post-doctoral max, including PRS!) with the point of entry negotiable. 


Applications, containing full career details and the names of two 


UNIVERSITY OF 
MELBOURNE 


DEPARTMENT OF ZOOLOGY 


RESEARCH FELLOW 
GRADE 1 


(Extendible Tenure) 


Applications are invited from 
biologists with expertise in the study 
of zooplankton. The appointee will 
be expected to study plankton from 
southern Australian and Antarctic 
waters in collaboration with staff of 
the Departments of Zoology and 
Botany. The appointee will be 
expected to give a small amount of 
teaching in undergraduate courses 
and will be encouraged to supervise 
postgraduate students. A research 
interest in trophic relationships or 
secondary productivity will be 
i preferred. The position is available 
from 1 January 1982 for a period of 
| up to three years. 


Salary within the range $A17,083 
to $A19,570 per annum. 





Further details on the position are 
available from Professor G D 
Campbell, in the University. 


Further information, including 
details of application procedure and 
conditions of appointment, are 
available from the Staff Officer, 
University of Melbourne, Parkville, 
3052, Victoria, Australia, or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


close on 30 
(9116)A 





Applications 
September 1981. 


| 





referees should be sent as soon as possible to Dr. F. O'Gara, 
Microbiology Department, University College, Cork, Ireland. from 
whom further particulars are available. 


a ee | 


(9128)A 


TUMOR IMMUNOLOGY 
PRE/POSTDOCTORAL 


position available immediately. 
Monoclonal Ab, characterization for 
human tumor Ag. 


Send CY, three ref to: Dr Daniel 
Eskinazi, USC, PO Box 77912, GER 
323, Los Angeles, CA 90007 
EOE/MFH (NW765)A 


THE UNIVERSITY 
OF BIRMINGHAM 
Faculty of Medicine and 
Dentistry 


DEPARTMENT OF 
CARDIOVASCULAR MEDICINE 
Applications are invited 
for the post of 


RESEARCH FELLOW 


to work on a study of the biochemical 
role of myosin isoenzymes in the 
human heart during development 
and cardiovascular disease. The 
successful applicant will join the 
Molecular Cardiology Unit within 
the department which is investigating 
the contractile and regulatory 
proteins in normal and diseased 
myocardium. 


The post, supported by MRC is 
available up to 30.9.83. Starting 
salary £6,070 to £6,880 with super- 
annuation. 


Further information from Dr P 
Cummins, Cardiovascular Medicine, 
Queen Elizabeth Hospital, 021-472 
1311. 


Applications (three copies) to 
Assistant Registrar, Medical School, 
Birmingham B15 2TJ by 15th August 
1981. (GISDA 
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ë CH Colaiste na hOllscoile Corcaigh 


University College Cork 





ireland 


RESEARCH ASSISTANTSHIP 
GENETICS OF LACTIC STREPTOCOCCI 
Applications are invited for a 


RESEARCH ASSISTANTSHIP 


(supported by the national Board for Science and Technology?) to develop a 


transformation system in the lactic streptococci. 


Applicants should 


preferably have a PhD degree and research experience in genetics/ 
microbiology. The appointment is initially for one year from tst October 


1981 and is renewable. 


Salary scale: 
PhD degree, IRE5,370 — iRE5,798; 
MSc degree, IRE4,417 — IRE5,073. 


Applications with Curriculum Vitae and names and a addresses of 
two referees should be sent as soon as possible to Dr. C. Daly, Dairy 
and Food Microbiology Dept., University College, Cork, lreland. 


eee SS EE I ES EERE ETE LT a 


(Q127)A 





POST DOCTORAL — 
RESEARCH POSITION 


for Biochemist-Cell Biologist 
available September 1, for two to 
three years, to identify, isolate and 
characterize insulin-like growth 
factor and & -thrombin receptors. (J. 
Biol. Chem. Vol 256: 2767, 1981) 
from cultured cells and tissues. 


Experience in membrane protein 
chemistry, monoclonal antibody 
production, and/or ligand receptor 
characterization is desirable but not 
essential. $15,000 to $20,000 yearly 
depending on “qualifications. 


Send curriculum vitae and names 

-of three references to Dr James F 

Perdue, Lady Davis Institute for 

Medical Research — Sir Mortimer B 

Davis — Jewish General Hospital, 

3755 Cote St Catherine Road, 
Montreal, Que Canada H3T 1E2. 
(NW760)A 





LONDON SCHOOL OF 
HYGIENE & TROPICAL 
MEDICINE 
(University of London) 
EVALUATION AND PLANNING 


CENTRE FOR HEALTH CARE 
ROSS INSTITUTE 


A NURSE 
RESEARCH ASSISTANT 


Required from Ist October 1981 to 
work ina multidisciplinary group 
concerned with health care in 
developing countries. Applicants 
~ should have had overseas as well as 
UK experience and preferably hold a 
degree or diploma‘in a relevant dis- 
© cipline. Salary in the range of £4,677 
~~ £5,481 or £5,534 -— £6,597 (under 
review) depending on experience and 
“qualifications plus £527 London 
~ Weighting. The successful candidate 
will be required to travel overseas. 


Application forms and further 
details from Dr J P Vaughan, EPC, 
31 Bedford Square, London WC1. 
Telephone enquiries: 01-631 3216. 
(9124)A 





UNIVERSITY 
OF LIVERPOOL 


DEPARTMENT OF 
HAEMATOLOGY 


TECHNICIAN (GRADE 3) 


to assist a study of the sensitivity of 
leukaemic cells in culture to cytotoxic 
agents. Candidates must possess 
ONC in Medical Laboratory Science 
or appropriate equivalent as 
minimum qualification and 
experience in tissue culture 
techniques also an advantage. The 
post might be suitable for graduates. 


This post is available for one year 
in the first instance. 


Salary within range £4,672 — 
£5,474 per annum. 


Application forms can be obtained 
from the Registrar, The University, 
PO Box 147, Liverpool L69 3BX. 
Quote Ref RV/855. (9173)A 





UNIVERSITY 
OF OXFORD 
DYSON PERRINS LABORATORY 
POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 


Applications are invited for a 
postdoctoral research assistantship 
(supported by SRC) to study stereo- 
chemical effects on nuclear spin 
coupling between directly bonded 
carbon atoms. 


Applicants should have experience 
in one or both of the following: (a) F T 
nmr and (b) synthesis with stable 
isotopes. 


The appointment is for one year 
(from Ist October 1981, or up to 6 
months later by agreement). The 
salary will be in the Research Support 
Grade 1A, the salary being not higher 
than £7,290 pa plus USS. 


Applications (one copy), with 
curriculum vitae and names and 
addresses of at least two referees 
should be sent as soon as possible to 
Dr M J T Robinson, Dyson Perrins 
Laboratory, South Parks Road, 
Oxford OX13QY. (9088)A 
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EXXON CHEMICALS 


a division of Exxon Corporation, 
is one of the world-wide leaders 
in the Chemical industry. Its activities consist 
of manufacturing and selling a wide range 
of chemicals from primary petrochemicals 
to specialties. 


Essochem Europe Inc. located at Machelen, 
near Brussels, is the coordinating headquarters 
for Esso Chemicals activities in Europe, Africa 
and the Middle East. 


We have an immediate vacancy in our 
Environmental Affairs Division for a 


TOXICOLOGIST 


We offer: © a challenging position involving 
participation in ongoing toxicology programs, 
including contract testing, consultation and 
advisory work for product lines; C attractive 


| 
| 
| 
| 
| 
| 
Hh 
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Requirements: 0 a university degree in 
toxicology ; O 1/3 years of relevant industrial 
experience; C ability to give sound professional 
advice at review management level on a wide 
range of toxicological issues; C fluency in English, 
any other European language being an asset; 
I willingness to travel and/or relocate. 


Please forward application with full curriculum 
vitae in English to: 


ESSOCHEM EUROPE INC. Employee Relations 
Department, Nieuwe Nijverheidslaan 2, 
1920 MACHELEN (BELGIUM). 
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MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION CYTOGENETICS UNIT 


SCIENTIST GRADE II 


Applications are invited for a SHORT-TERM NON-CLINICAL 
SCIENTI FIC post in this MRC Unit, tenable for 3 years. Candidates of 
immediately post-doctoral or equivalent status will be preferred. 

The appointee will work with a group studying the biological effects of 
chemical mutagens and will be mainly involved with studies on induced 


DNA/ chromosome damage in human cells. The post will be suitable for 
applicants interested in aspects of DNA repair and/or mutagenesis and 
interested candidates with some experience of cytogenetics are also 
invited to apply. 

Remu neration will be at an appropriate point on the scales for university 
non-clinical academic staff. Further information may be obtained from 
Mr Alasdair Douglas, MRC Clinical and Population Cytogentics Unit, 
Western General Hospital, Crewe Road, Edinburgh EH4 2XU, Tel. 
031-332 2471, with whom applications — including a full CV and the 
names and addresses of two professional referees — should be lodged 
by 18th September 1981. {9178)A 











Soil Scientist 
£4,809 — £9,619 (under review) 


Age Limit: Applicants must not be more than 55 years of age 
on the closing date, i.e. born on or after 
7th August 1926. 

Closing date: 7th August 1981 

Job Ref. $B76/81/NN. Tel. ext. 256 


DEPARTMENT OF AGRICULTURE (NORTHERN IRELAND) 
AGRICULTURAL AND FOOD CHEMISTRY RESEARCH DIVISION 
The succesful applicant will join a team engaged in research and 
advisory work in the various aspects of Soil Chemistry and Plant 
Nutrition and may also be required to undertake teaching duties in the 
faculty of Agriculture and Food Science, Queen's University, Belfast. 


The main research objectives are to investigate factors controlling, and 
to study means of improving, the fertility of agricultural soils and the 
output of agricultural crops by related field, pot and laboratory studies. 


Appointment will be at Senior Scientific Officer, Higher Scientific 
Officer or Scientific Officer level. 


Senior Scientific Officer 

Applicants must possess a First or Second Class Honours Degree in 
Soil Science, Chemistry, Agricultural Chemistry or related discipline 
with at least 4 years relevant post-graduate experience. 


Higher Scientific Officer 
Applicants must possesss an Honours Degree as above with at least 2 
years relevant post-graduate experience. 


Scientific Officer 

Applicant must possess an Honcurs Degree as above. 

Preference may be given to candidates with appropriate post-graduate 
experience in Soils and/or Plant Nutrition. 

The Civil Service Commissioners, by taking into account such factors 
as the applicant's educational qualifications, extent and duration of 
previous relevant experience, mey decide to interview only those who 
appear to be best qualified. 


Salary Scales (under review) 

Senior Scientific Officer £7,644 — £9,619 
Higher Scientific Oficer £6,075 — £7,999 
Scientific Officer £4,809 — £6,480 


In addition there is a non-contributory pension scheme apart from a 
1%% deduction from salary to cover widows’ benefit in the case of 
male officers. 


Grading and starting salary will be related to qualifications and 
experience. 


These posts are open to both men and women. Please write or 
telephone for an application form (using the extension number 
indicated and quoting the job reference) to the Civil Service 
Commission, Rosepark House, Upper Newtownards Road, 
Belfast BT4 3NR (telephone Dundonald 4585). Completed forms 


must be returned to arrive not later than the closing oao Kny 






NORTHERN IRELAND 





UNIVERSITY 
OF LEICESTER 


DEPARTMENT OF 
GENETICS 


POSTDOCTORAL 


RESEARCH ASSISTANT 


Applications are invited for the 
above position, funded by the 
Medical Research Council, to 
investigate the mechanism of iron 
uptake in plasmid-bearing 
bacteraemic strains of Escherichia 
coli, with particular emphasis on the 
organisation and function of specific 
membrane components. The post is 
available at any time after 1 October 
1981; it is tenable for a period of 14 
months and may therefore interest 
applicants returning from abroad. 


The salary is on Range 1A for 
Research and Analogous Staff, plus 
superannuation. 


Applications, with curriculum 
vitae and the names of two referees, 
should be addressed to Dr P H 
Williams, Department of Genetics, 
University of Leicester, Leicester 
LE17RH, from whom further details 
are available. (9134A 





UNIVERSITY 
college of 
swansea 


Research Demonstrators 


Applications are invited for 
vacancies of Research 
Demonstrator in the 
Department of Zoology. 
Applicants, who should be in 
possession of a PhD degree or 
have submitted for such a degree, 
should have specialised in 
mathematical ecology including 
computing, and biology of marine 
invertebrates and/or zooplankton. 

The appointments, which will 
be for one year in the first 
instance, from October 1, 1981 
will be on a scale up to £6,880 per 
annum, 

Closing date for applications, 
Friday, 14th August, 1981, 


Research Demonstrator 


Applications are invited for the 
vacancy of Research 
Demonstrator in the 
Department of Geology. 
Applicants should either be in 
possession of a PhD or have such 
a degree near to completion. 

The appointment, which will be 
for one year in the first instance 
renewable on an annual basis for a 
maximum of three years, will be 
on a scale up to £6,880 per 
annum, together with USS/ 
USDPS benefits. 

Closing date for applications, 
Friday, 7th August 1981. 

Further particulars and 
applications forms (2 copies) 
for both posts may be obtained 
form the Personnel Office, 
University College of Swansea, 
Singleton Park. Swansea SA2 
8PP, to which office they 
should be returned by the 
above dates. (9161A 
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UNIVERSITY OF READING 


LECTURESHIP 
IN ZOOLOGY 


Applications are invited for a 
Lecturership in Zoology, tenable for 
a fixed term of one year from | 
October 1981. The duties will involve 
lecturing, tutorial and demonstrating 
work in applied zoology and exper- 
tise in entomology, agricultrual pests 
or genetics is essential. 


Applications (two copies) from 
persons able to begin on 1 October, 
giving the names of two referees, 
should be sent to Professor K 
Simkiss, Department of Zoology, 
The University, Whiteknights, 
Reading RG6 2AJ, by 1 August. 

{91260A 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


PHYSICAL SCIENCES 
DEPARTMENT 


A GRADUATE 


is required to work for 18 months on 
the effect of heat on the proteins and 
enzymes of human milk, The work 
involves a study of the kinetics of 
their heat denaturation to improve 
knowledge of the effects of 
pasteurisation treatments on human 
milk. 


Qualifications: First or Upper 
Second Class Honours degree in bio- 
chemistry or food science. 


Appointment, for a limited period 
of only 18 months, will be as 
Scientific Officer; current salary 
scale £4,809 to £6,480. 


Application forms are obtainable 
from the Secretary, NIRD, Shinfield 
Reading RG2 9AT. Quote reference 
81/22 


Closing date: 14 August 1981 
(9162)A 





UNIVERSITY OF 
EAST ANGLIA 
Norwich 
Applications are invited for the 
post of 
SENIOR RESEARCH 
ASSOCIATE IN PHYSICS 
to work with Professor D V 
Osborne on an experimental in- 
vestigation of the surface of liquid 
helium. The experiments use the 
techniques of cryogenics and 
optics {including optical elip- 
sometry), and experience in one or 
both of these areas would be an| 
advantage. The programme is, 
funded by SRC, and the appoint- | 
ment is for a period of three years, | 
starting as soon as possible. | 
Applications are invited from 
candidates who have completed (or 
are about to complete) a PhD in 
experimental physics. The salary 
will be on scale 1A, starting 
between £6,070 and £6,880 per 
annum, depending on the age and 
experience of the successful 

candidate. 

Applications {one copy of a 
curriculum vitae and the names of 
two referees) should be sent to 
Professor D V Osborne, School of 
Mathematics and Physics, Univer- 
sity of East Anglia, Norwich NR4 
7TJ, if possible by 28 August 1981. 
(9146)A— 
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UNIVERSITY 
COLLEGE LONDON 
DEPARTMENT OF 
BIOPHYSICS 
TECHNICIAN 
GRADE IH 
required for general laboratory 
duties with tuition in electron- 
microscopy and some photography. 

Grant supported. 

Salary £4,672 plus £1,016 London 
Weighting. 

Application form from Personnel 
Officer (Technical Staff FD2) 


University College London, Gower 
Street, London WCIE 6BT (9168)A 





ST THOMAS’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
London SEI 7EH 
DEPARTMENT OF ANATOMY 
ELECTRON MICROSCOPY 
MLSO/SENIOR MLSO 


required in early October for the 
above Department. Proven ability in 
TEM Techniques and some know- 
ledge of SEM and X-Ray analysis an 
advantage. 


Please apply, in writing, to the 
Senior Chief MLSO, Anatomy 
Department, giving the names of two 
referees. (9132A 





CHARLES DARWIN 
RESEARCH STATION 
Galapagos 


The Charles Darwin Research 
Station in the Galapagos offers two 
positions to begin as soon as possible. 

A PLANT ECOLOGIST 
with a strong background in quan- 
titative plant community analysis and 
plant systematics. The candidate 
should work on assessing the distri- 
bution of feral plants in the 
Galapagos, on native plant-feral 
animal interactions and should 
advise Ecuadorian authorities on 
protection of endemic/indigenous 
flora and erradication of introduced 
plant species. 

AN AVIAN ECOLOGIST 


is needed to undertake conservation- 
related research, a major focus of 
attention will be the threatened 
Hawaiian or Dark-rumped Petrel, 
and more general monitoring of the 
islands bird populations. 


Both persons should furthermore 
assist in the education programs of 
the Station and advise Ecuadorian 
students in their research work. 
Therefore, Spanish or its rapid 
acquisition would be essential and a 
PhD would be preferred. 


Salary is 19.000 sucres (Approx 
US$630) per month; airfare to and 
from Galapagos at beginning and end 
of contract (one year, renewable), 
free housing and health insurance. 


Please send curriculum, support- 
ing letters and representative reprints 
to: Director, Charles Darwin 
Research Station, Casilla 58-39, 
Guayaquil, Ecuador 


Deadline for submission of 
applications: 15 September 1981. 
(NW770)A 





TUFTS UNIVERSITY 
SCHOOLS OF MEDICINE 
DEPARTMENT OF PHYSIOLOGY 


Tufts University has instituted a 
search for 
CHAIRPERSON 
Department of Physiology. The 
Department of Physiology is 
expected to be a center of research 
and scholarly excellence, as well as 
providing leadership in physiology 
instruction for the School of 
Medicine, School of Dentistry, 
School of Veterinary Medicine, and 
the Sackler School of Graduate 

Medical Science. 


Individuals interested in being con- 
sidered for this position should direct 
their letters to Dr Seymour Reichlin, 
Chairman, Physiology Search 
Committee, Box 275, New England 
Medical Center Hospital, 171 
Harrison Avenue, Boston MA 02111. 
Tufts has an affirmative action 
program, and encourages 
applications from women and | 
members of minority groups. | 

(NW77DA | 











UNIVERSITY OF DUNDEE 


DEPARTMENT OF 
BIOLOGICAL SCIENCES 
We require, to work with Dr P 
Rowell and Professor W D P 
Stewart, FRS, on biochemical 
aspects of nitrogen metabolism in 
cyanobacteria, 
1 Ref. EST/47/81 
A POSTDOCTORAL 
RESEARCH FELLOW 
preferably a biochemist with 
interests in molecular biology or 
biochemical genetics. 
2 Ref. EST/116/81 
A RESEARCH TECHNICIAN 
(probably on scale £4,672 — 
£5,473) with interests in 
microbiology, biochemistry or 
biology. 
Further Details from Personnel 
Office, The University, Dundee 
DD14HN. Tel. 0382 23181 ext. 383. 
By August 13th 1981. (9143)A 







































UNIVERSITY OF 
SOUTHAMPTON 
POST-DOCTORAL 

RESEARCH FELLOW 
Department of Biology 

Applications are invited from 

biologists with interests in 

Taxonomy to work with Dr F A 

Bisby and Dr R J White from 1 | 

September 1981 to the end of July | 






1982 in the first instance. The SRC 
funded project involves building a 
data-base with morphological and 
chemical data on a tribe of the 
Leguminosae and experimenting 
with the provision of novel 
Taxonomic services for evaluation 
by a users’ panel. The successful 
applicant will have an interest in the 
use of computer-based techniques 
in taxonomic problems. 

Starting salary at the rate of 
£5,505 — £6,245 per annum + USS 
benefits. 

Further particulars may be obtained 
from Mrs P C P Sears, Staffing 
Section, The University, Highfield, 
Southampton SO9 5NH to whom 
applications with curriculum vitae 
and names of two referees should 
be sent as soon as possible, and not 
later than 3 August 1981. Please 
quote reference number 1608/R. 
19123)A 
































CSIRO AUSTRALIA 
Principal Research 
Scientist/ 
Senior Principal 
Research Scientist 
(Research Fellow) 


Division of Environmental Mechanics 
Canberra Act 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,400 
employees — 2,500 of whom are research and professional scientists 
~ located in Divisions and Sections throughout Australia. 

Field: Soil Physics. 

General: Research in the Divisional deals with transport of 
energy, water salts and gases in the natural anvironment. The 
Division, located in Canberra, has 27 staff members, including 14 
research scientists, working in areas of soil physics, solar radiation, 
fluid mechanics, micrometeorology and physical aspects of plant 
physiology. 

Duties: The soil physics program of the Division has 
concentrated on interaction between water and soil. The appointee 
will be expected to complement this program through theoretical 
work on porous medium physics and applied mechanics. The 
research will be directed in the first instance to studies of problems 
presented by systematic and random spatial variability of soils; to 
physical consequences of the interaction between soils and plants: 
and to the physics and physical chemistry of saline soils. The 
extension of theory to other areas of science and technology will be 
pursued. 

The appointee will collaborate with other members of the 
program and with research officers of State instrumentalities. 

Qualifications: A PhD or equivalent qualifications, and 
extensive experience and expertise in the areas of mathematical and 
physical research in soil water. 

Salary: Principal Research Scientist/ Senior Principal Research 
Scientist (Research Fellow) $A29,638 — $A38,921 pa. 

Tenure: A fixed term appointment of three years is envisaged. 
Superannuation benefits available. 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting reference number A4489 should 
reach: The Personnel Officer, Australian Scientific Liaison Office, 
Australia House, Strand, London WC2B 4LA by 24 August 1981. 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 
Washington DC 20036. 

Current vacancies in CSIRO appear on PRESTEL page 262903. 
(9765}A 








Sz Royal Postgraduate Medical School 






(University of London) 
DEPARTMENT OF MEDICINE 


Senior Research Officer 


Applications are invited from post-doctoral biochemists to joina 
Medical Research Council-supported research programme 
studying complement function in health and disease, 
particularly to characterise the molecelar mechanisms of 
complement activation by antigen-antibody complexes and the 
effects of other complement activators in various diseases. 
Experience in immunochemistry is desirable. 


Salary will be at an appropriate point on Range 1A, £6,070 — 
£10,575 plus £967 London Allowance. 


Prospective applicants should write to Professor D. K, 
Peters enclosing a curriculum vitae and the names of two 
referees. Please quote reference 2/227. iSTIB)A 















CSrtrRoO AUSTRALIA 


Research Scientist/ 
Senior Research Scientist 
(Research Fellow) 


Division of Tropical Crops & Pastures 
Northern Territory 


Darwin 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,400 
employees — 2,500 of whom are research and professional scientists 
— located in Divisions and Sections throughout Australia. 


Field: Crop Scientist (Soybean: adaptation). 

General: The Charles Darwin -aboratories are in the main 
scientific base for CSIRO research in north-western Australia. They 
accommodate 15 scientists from tne Division of Tropical Crops and 
Pastures and Wildlife Research, have good library and statistical 
services, and a computer node linked to the CSIRONET system. The 
agricultural research programs are concentrating on rice, sorghum 
and soybeans and on animal production from dryland and irrigated 
pastures. Most of the field experiments are done at the Kimberley 
and Katherine Research Stations. 

Duties: To undertake agronormic/ecophysiological studies on the 
adaptation of soybeans to agricultural environments in northern 
Australia, This will involve an extensive program of field 
experimentation under irrigated conditions during both wet and dry 
seasons and under dryland conditions. 

Salary: Research Scientist/Senior Research Scientist (Research 
Fellow) $419,662 — $A28,564 pa. 

Tenure: The position is availadle for a three year term with a 
possible extension for a further two years. Superannuation benefits 
available. 

Applications IN DUPLICATE. stating full personal and 
professional details, the names ard addresses of at least two 
professional referees, and quoting reference number A5905 should 
reach: The Personnel Officer, Australian Scientific Liaison Office, 
Australia House, Strand, London WC2B 4LA by 24 August 1981. 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 
Washington DC 20036. 

Current vacancies in CSIRO appear on PRESTEL page 252903. 

(9166)A 








The Royal Marsden Hospital, 
Downs Road, Sutton, Surrey 


Medical Physics 


Technician 
GRADE III 


Salary scale £5,750 — £7,277 p.a. (increase pending) 
We are looking for a technician to complete a team of three in 
an in vitro laboratory carrying out mainly routine tests 








involving radioisotopes. The work is rewarding and requires 
an interest in patient contact. 

Applicants should hold either an appropriate science degree, 
ONC, HNC, HND or equivalent qualification and have had at 
least 3 years similar technica! experience. 

For an application form and -ob description please contact the 
Personnel Department Roya’ Marsden Hospital, Fulham Road, 
London SW3 — Tel: 01-352 8171 ext 446. 


Closing date: 14th August 1981. 19174A 











INSTITUT PASTEUR 
PARIS-FRANCE 


Applications are invited for a 
position of staff and 
POSTDOCTORAL 
RESEARCH SCIENTIST 
with experience in molecular 
genetics, recombinant DNA 
techniques, and animal cell culture. 


The genetic engineering laboratory 
involved in medical and industrial 
applications, is located on the Institut 
Pasteur Campus and has contact with 
fundamental research units. 


Knowledge of French is not 
essential. 


Applications with curriculum vitae 
and requested salary should be sent 
to: Monsieur le Directeur du 
Personnel, Institut Pasteur Paris, 28 
Rue Du Docteur Roux, 75724 Paris, 
Cedex 15, France (W385)A 


PRINCETON UNIVERSITY 


THE DEPARTMENT OF 
BIOMEDICAL SCIENCES 


ASSISTANT PROFESSOR 
OF BIOCHEMISTRY 


invites applications for tenure-track 
positions at the Assistant Professor 
level. Candidates should have a 
strong background in molecular 
biology, molecular genetics or bio- 
chemsitry and demonstrated 
excellence in research. An interest in 
eukaryotic organisms is preferred. 


Applicants should submit a 
complete curriculum vitae, including 
a list of references and a description 
of their future research program to 
Dr S$ J Flint, Biochemical Sciences, 
Princeton University, Princeton NJ 
08544 


Princeton University is an affirma- 
tive action/equal opportunity 
employer. (NW769)A 





UNIVERSITY 
OF DURHAM 


DEPARTMENT OF 
GEOLOGICAL SCIENCES 


Applications are invited for the post of 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 
tenable for three years from | August 
1981, to work on the processing of 
seismic reflection data. The work will 
involve running the existing pro- 
cessing laboratory based on PDP-11 
mini computer, documenting and 
expanding the existing software 
library, writing some systems 
software and processing seismic 
reflection data obtained on cruises 


off E. Greenland and the Lesser | 


Antilles. 


Applicants need not necessarily 
have a PhD, but equivalent 
experience and a strong computing 
background are essential. Salary is on 
the Research Scale 1A according to 
age, starting at £6,070 per annum at 
age 24, plus USS. 


Applications ( copies) naming 
three referees should be sent as soon 
as possible to the Registrar and 
Secretary, Science Laboratories, 
South Roac, Durham DH1 3LE. 

(9160A 
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UNIVERSITY OF OTAGO 
Dunedin, New Zealand 


LECTURER IN 
PHYSIOLOGY 


Applications are invited from 
graduates with a research interest in 
membrane cellular and epithelial 
physiology for appointment as 
Lecturer in Physiology. 


Salary within the scale: NZ$19,140 
~~ NZ$23,520 per annum, according 
io qualifications and experience. 


Further information may be 
obtained from Association of Com- 
monwealth Universities (Appts.), 36 
Gordon Square, London WC1H OPF 
or from the Registrar of the Uni- 
versity. Additional detailed infor- 
mation may be obtained from 
Professor D W Taylor, Department 
of Physiology, University of Otago 
Medical School, PO Box 913, 
Dunedin, New Zealand. 


Applications close on 3] August 
981. 14DA 








UNIVERSITY 
OF CANTERBURY 
Christchurch, New Zealand 


LECTURER IN ASTRONOMY 
OR PHYSICS 


Applications are invited for the 
above-mentioned position. The 
appointee must be prepared to take 
an active part in one of the experi- 
mental research fields of the 
Department; namely Astronomy, 
Solid State Physics or Atmospheric 
Physics. 


Applications close on 3/ October 
981. 


The Salary for Lecturers is on a 
scale from NZ$19,140 to $23,520 per 
annum. 


Further particulars and Conditions 
of Appointment may be obtained 
from the Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIHOPF. (9151A 





UNIVERSITY OF 
EXETER 
DEPARTMENT OF PHYSICS 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited from 
suitably qualified candidates to take 
part in a research programme to 
investigate methods of studying air 
layers surrounding grinding wheels 
rotating at high speeds. The research 
programme, which is funded by 
SERC, is initially for one year. Some 
experimental experience in fluid flow 
measurement together with a strong 
theoretical interest in high speed fluid 
flow would be desirable. Salary 
within the range £6,070 — £6,880 pa, 
placement depending on age and 
experience. 


Applications including a curricu- 
lum vitae and names of two referees 
should be sent to the Personnel Office 
(Appointments), University of 
Exeter, Exeter, Devon by 25th 
August 1981. Please quote reference 
No.7176. (GLIA 
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Plant 
Biologist 


The Plant Genetics Department of Pfizer Central 
Research is looking for creative individuals to 
participate in a multi-disciplinary research program 
for crop improvement. This department provides 
basic research support for the corn and soybean 
breeding programs of Pfizer Genetics, Inc. 


Applicants should have strong formal training in plant 
biology, agronomy or crop science at the MS ievel. 
Experience in one or more of the following areas is 
desirable; plant tissue culture; genetics; stress 
physiology; field crop breeding methods; plant 
pathology. 

In addition to an exceptional opportunity for 
professional recognition and growth, we offer a com- 
prehensive salary/benefits package and attractive 
Connecticut shore living. Please send résumé and 
brief description of research interests to: 

Ms. Lorraine C. Corr, Pfizer Central Research, 





Director of 
Technical Liaison 


Cetus Corporation, a leader in the commercial 
application of biotechnology, is seeking a 
microbiologist/ geneticist with practical 
experience over a broad base of biological 
applications to coordinate the scientific 
aspects of the Company’s proprietary base. 
The successful applicant will be the liaison 
between inventors and the patent counsel, 
continually maintaining an overview of 
corporate science with the aim of identifying 
and developing new concepts and discoveries 
as they emerge, as well as playing a significant 
role in corporate scientific strategy. The 
scientific aspects of corporate licensing will 
also be a responsibility. 


This important staff position will be attractive 
to mature scientists who wish to move from 


Eastern Point Road, Groton, CT 06340. 


POST-DOCTORAL 
POSITION 


Available immediately for studying 
changes in immune regulation in aged 
mice. 


Send curriculum vitae and three 
letters to: Dr RM _ Gorcynski, 
Ontario Cancer Institute, Canada. 
c/o Nature Box xxx, 15 East 26th 
Street, Suite 1503, New York, NY 
10010 (NW772)A 





UNIVERSITY 
OF LEICESTER 


DEPARTMENT OF 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSOCIATESHIP 
IN ORGANIC CHEMISTRY 


Applications are invited for a 
postdoctoral research associateship 
supported by the SRC, to work in 
collaboration with Dr P R Jenkins on 
the development of a synthetic 
approach towards the taxane group 
of natural products. Applicants 
should have interest and experience 
in synthetic organic chemistry. 


The appointment, in Research 
‘Support Grade 1A, is initially for one 
year (from 1 October 1981) and is 
renewable for a second year. The 
starting salary is in the range £6,070 
—~ £6,475 plus USS benefits. 


Applications with curriculum vitae 
and the names and addresses of two 
academic referees should be sent as 
soon as possible to Dr P R Jenkins, 
Department of Chemistry, The 
University, Leicester LE] 7RH. 

OIA 





An equal 
opportunity 


employer 
i (NW767)A 


UNIVERSITY COLLEGE 
LONDON 


RESEARCH ASSISTANT 


in 
NEUROPHARMACOLOGY 


to study the release of neurotrans- 
mitters during the development of 
experimental epileptogenic activity. 
Applicants should have finished or be 
finishing their PhD programme. 
Salary from £5,675 pa + London 
Allowance + USS for 3 years. 


Curriculum vitae to Dr R A 
Webster, Department of Pharma- 
cology, Univeristy College London, 
Gower Street, London WCIE GBT. 

(907A 





STANFORD UNIVERSITY 
California 
Applications are invited for an 
opening at the 
ASSISTANT PROFESSOR 
level in the newly-formed Program in 

the History of Science. 


Candidates should have 
demonstrated ability in the area of 
19th and 20th century physical 
science. 


Curriculum vitae and the names of 
at least two referees should be sent 
before November 15, 1981 to: 
Professor Eric Hutchinson, 
Academic Secretary, Stanford 
University, CA 94305. 


Stanford University is an equal 
opportunity employer. (NW762)A 











the laboratory to an administrative role without 
losing detailed, hands-on involvement in this 
rapidly developing field. 


The successful applicant will jain an 
outstanding team of scientists and managers in 
a highly motivated, goal-oriented atmosphere. 
Please send C.V. and salary expectations, in 
confidence, to Cetus Corporation, Box 
“NG”, 600 Bancroft Way, Berkeley, 
California 94710. An equal opportunity 


"" tus 





YOU HAVEGOTA 
BRIGHT IDEA 


TO FIND OUT BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP THESE NEW DRUGS 


We are not a pharmaceutical firm, but a swiss based 
independant financial group, and we are prepared to let you 
participate in a capital venture for the exploitation of your 
project. 

Our object: the development of new biological or chemical 
products (which have previously had a pharmacological 
screening) up to the stage of clinical tolerance and 
effectiveness required to permit licensing negotiations. 





To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 
(Switzerland). 
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Experimental 


Officer 


This is an excellent opportunity to join a team dedicated to 
the discovery and practical application of synthetic and 
natural regulators of the immune system. The successful 
candidate will have ample opportunity to contribute to 

the development of this recently established project and 
to collaborate with scientists in other disciplines. 


You should have a biological degree or equivalent 
qualification and a knowledge of immunological 
techniques and theory. Experience of tissue culture and 
radio-immunoassay techniques would be an added 


advantage. 


Conditions of service, salary and relocation assistance are 
designed to attract and retain staff of a high calibre. 

Our modern research laboratories are situated in pleasant 
surroundings but within easy reach of main road and 


rail routes. 
Please send full CV. to: 


Mr. R. Yates, 

Personnel Officer, 

Imperial Chemical Industries P.L.C., 
Pharmaceuticals Division, 
Mereside, Alderley Park, 
Macclesfield, Cheshire, 


Closing date for applications: August 31st 1981. 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the post of 
DEMONSTRATOR/SENIOR 
DEMONSTRATOR 


in the Department of Biochemistry. 
The duties of the post will start on Ist 
October, 1981. 


Salary within the range £5,285 —- 
£7,700 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 7th August, 
1981, by The Registrar, The 
University, PO Box 147, Liverpool 
L59 3BX, from whom further 
particulars may be obtained. Quote 
Ref. RV/854. (9144A 





THE INTERNATIONAL 
CENTER FOR 
AGRICULTURAL RESEARCH 
IN THE DRY AREAS 
(ICARDA) 
has a vacancy for the post of 
LIBRARIAN 
at its Research Station in Aleppo, 
Syria, Starting date: January 1, 1982. 
Qualifications and experience 
required: MSc or PhD degree in 
Library Science; fluent English and 
Arabic; working knowledge of agri- 
culture; working experience in the 

Arab World. 


Applicants should send their cv. 
and write for further details to: The 
Personnel Officer, ICARDA, PO 
Box 5466, Aleppo, Syria. (W384)A 





(Q179}A 


PROFESSORSHIP in the Clinical 
Smell and Taste Research Center at 
the University of Pennsylvania. 
Established scientist working in 
olfactory neurophysiology in 
Physiology and/or Otorhinolaryn- 
gology Department. Based in VA 
Hospital. Preferably with an MD 
degree. Write to Dr James B Snow, 
Jr, Department of Otorhino- 
laryngology and Human Communi- 
cation, Sth Floor Silverstein, 
Hospital of the University of Penn- 
sylvania, Philadelphia, Pennsylvania 
19104 and provide three letters of 
reference. The University of Pennsyl- 
vania is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW751)A 





STUDENTSHIPS 





THE HANNAH 
RESEARCH INSTITUTE 
(University of Glasgow) 
POST-GRADUATE 
STUDENTSHIP 


Applications are invited for a PhD 
studentship tenable at the 
Biochemistry Department to study 
aspects of the regulation of lipid 
metabolism in the mammary gland. 


Applicants must possess-or expect 
to obtain a First or Upper Second 
Degree in Biochemistry and should 
write (including c.v. and names of 
two academic referees) to: The 
Secretary, The Hannah Research 
Institute, Ayr KA6 SHL, Scotland. 

(9130)F 











UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF BOTANY 
SRC CASE 
STUDENTSHIP 


Applications are invited from 
candidates with a first or upper 
second class honours degree in 
Botany or Microbiology for a three 
year CASE studentship on the 
Biology of Soft Rot Erwinias on 
Potato Leaves. 


The research will be carried out at 
the University of Aberdeen (under 
the supervision of Dr J P Blakeman) 
and at the Scottish Crop Research 
institute, Dundee (under the super- 
vision of Dr M C M Pérombelon). 


Applications, including curricu- 
lum vitae and names of two referees 
should be sent as soon as possible to 
Dr J P Blakeman, Department of 
Botany, University of Aberdeen, St 
Machar Drive, Old Aberdeen AB9 
2UD. (0224) 40241) from whom 
further information may be 
obtained. (9133)F 





THE CITY UNIVERSITY 


DEPARTMENT OF OPTOMETRY 
AND VISUAL SCIENCE 


TWO RESEARCH 
STUDENTSHIPS IN 
VISUAL SCIENCE 


Applications are invited from 
graduates with a good honours 
degree for research towards a PhD on 
either: ‘‘Flicker and Movement 
Detection as a Function of Field Scan 
Direction in Television Systems,” or 
“Photometry and Visual Perfor- 
mance Under Conditions of Chrom- 


| atic Adaptation’. The projects are 


suitable for graduates in Physics, 
Optics, Ophthalmic Optics, Physi- 
ology, Electronic Engineering or 
related communications subject. 


Further details and application 
forms can be obtained from: Dr J E 
Saunders, Department of Optometry 
and Visual Science, The City 
University, Dame Alice Owen 
Building, 311-321 Goswell Road, 
London ECIV7DD. (9139)F 








UNIVERSITY 
OF CAMBRIDGE 
Scott Polar Research Institute 


NERC RESEARCH 
STUDENTSHIP 


Applications are invited from 
mathematicians, mathematical 
physicists or oceanographers for a 
PhD studentship in one of the 
following 

1) The physical oceanography of the 
marginal ice zone. 

2) Sea ice rheology from submarine 
sonar profiles. 


Applicants who have or expect to 
obtain a Ist or upper 2nd degree 
should contact Doctor V A Squire at 
Scott Polar Research Institute, 
Lensfield Road, Cambridge CB2 
LER (tel 0223-66499 ext 411) as soon 
as possible. {9167F 





UNIVERSITY OF KENT 
AT CANTERBURY 
BIOLOGICAL LABORATORY 
SERC CASE 
STUDENTSHIP 


Applications are invited for an SERC 
CASE studentship leading to the 
degree of PhD and tenable from 1 
October 1981 for research on lignin 
degradation and subsequent aro- 
matic metabolism by cultures of the 
edible mushroom Agaricus bisporus. 
The project will be supervised by Dr 
R B Cain in collaboration with Dr D 
A Wood of the Glasshouse Crops 
Research Institute. 


Applicants should have a first or 
second class honours degree in Bio- 
chemistry, Microbiology or Botany. 


Applications, giving details of 
qualifications and the names of two 
academic referees should be sent to 
the Senior Assistant Registrar, 
Faculty of Natural Sciences, 
Chemical Laboratory, The Univer- 
sity, Canterbury, Kent CT2 7NH 
from whom further details may be 
obtained. Closing date 7 August 
1981. Please quote ref. PGI4/81/N. 

(9140)F 











SEMINARS and SYMPOSIA 


GULBENKIAN INSTITUTE OF SCIENCE 
Oeiras, Portugal 


INTERNATIONAL SEMINAR ON: 


PATENTING, TOXICOLOGICAL TESTING AND 
REGULATORY APPROVAL OF NEW BIOLOGICAL 
PRODUCTS 


Conducted by: 


Dr D. Mansel-Jones (Huntingdon Research Centre, 


Huntingdon, U.K.) 
Mr R.S. Crespi (National Research Development 
Corporation, U.K.) 
Professor J.R. Norris (University of Reading, U.K.) 
21 September — 2 October, 1981 


Information and Registration Forms from: 
Professor N. van Uden, 
Gulbenkian Institute of Science, 


2781 Oeiras Codex, Portugal. 


(9159)M 
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ASSISTANTSHIPS 
THE UNIVERSITY UNIVERSITY OF 
OF SHEFFIELD OXFORD 
DEPARTMENT OF 3 
CERAMICS, GLASSES Dyson Perrins Laboratory 
AND POLYMERS 
RESEARCH ASSISTANTSHIP POSTDOCTORAL 

Applications are invited from men RESEARCH 
and women for the above post, to ASSISTANTSHIP 


develop the technique of cryogenic 
scanning electron microscopy and 
apply it in the investigation of 
structure in dispersions of clays, 
oxides and other ceramic materials. 
The results obtained will be used to 
interpret the rheological, sedi- 
mentation and filtration character- 
istics of such systems. This project 
supervised by Dr B Randis financed 
by SRC. Tenabie for 3 years. 

Initial salary up to £6,880 depending 
on age and experience. An honours 
degree in a physical science subject 
and research = experience 
{preferably to PhD level) required. 
Experience colloid science or 
scanning electron microscopy 
desirable, though not essential. 


Applications, including the names 
and addresses of two referees, 
should be sent to the Registrar and 
Secretary, the University, Sheffield 
$10 2TN by 7 August 1981. Quote 
ref: R615/G (9171)P 











Applications are invited for a post- 
doctoral research assistant, sup- 
ported by MRC, to study the 
mechanism of action of polyene 
macrolides by nuclear magnetic 
resonance. Candidates should have 
experience of chemical or biological 
applications of high field NMR 
and/or an interest in biological 
organic chemistry. 


Letters of application should reach 
Dr J M Brown, Dyson Perrins 
Laboratory, South Parks Road, 
Oxford OX] 3QY as soon as possible, 
and contain a full curriculum vitae 
and thé names of two referees. Salary 
will be on Research Support Grade 
1A up to £6,882 pa plus USS 
according to age and experience, and 
appointment for one year in the first 
instance, from Ist October 1981 or a 
mutually convenient alternative date. 

(9150)P 








PhD, 
33612 









UNIVERSITY OF SOUTH FLORIDA MEDICAL CENTER 


POSTDOCTORAL RESEARCH ASSISTANTSHIP IN 
BIOCHEMICAL TOXICOLOGY 

Position is available immediately for aggressive individual with doctorate in 

pharmacology-toxicology. Program involves pulmonary metabolism and 

response to certain drugs and industrial chemicals. Strong background in 
biochemistry and physiology a must. 

Send CV and 3 letters of recommendation to: Mark R Montgomery, 
esearch Service (151), VA Hospital, 13000 N 30th Street, Tampa, FI 










(NW768)P 








GRANTS and 
SCHOLARSHIPS 





THE UNIVERSITY OF 
SYDNEY 


RICHARD CLAUDE 
MANKIN 


SCHOLARSHIP 


Applications are invited for the 
above-mentioned scholarship from 
graduates wishing to undertake 
research related to water 
conservation, 


The award is at postdoctoral level 
($A17,083 — $A19,075 per annum). 
Travel grants for overseas Fellows 
may be payable. An award may also. 
be made at postgraduate level 
($A4,620 per annum plus allowances 
where appropriate). 


Further information and 
application forms are available from 
the Registrar (Scholarships Section), 
University of Sydney, NSW 2006, 
Australia, with whom applications 
‘lose on 37 October 1981. 

(9148)H 





THE UNIVERSITY OF 
SYDNEY 
FACULTY OF 
AGRICULTURE 
Applications are invited from graduates for 
AGRICULTURAL 
SCHOLARSHIPS 


offered by the University of Sydney 
and tenable in the Faculty of 
Agriculture for 1982. 


The object of the Scholarship is to 
encourage and promote scientific 
study within the Faculty of 
Agriculture. 


Research is undertaken in the 
following agricultural disciplines: 
Agronomy, Animal Husbandry, 
Biometry, Chemistry, Economics, 
Entomology, Extension, Genetic and 
Plant Breeding, Horticulture, Micro- 
biology, Plant Pathology, Soil 
Science. 


The Scholarships will provide a 
stipend of $A4,620 plus other 
allowances. 


Further information and 
application forms are available from 
the Registrar, Scholarships Section, 
University of Sydney, NSW 2006, 
Australia, with whom applications 
close on 3] October 1981. 

(9147)H 


| 








CONFERENCES and COURSES 








International Genetic Sciences, Inc. 
is organizing an annual conference on 
Introduction of Genetic Materials 
into Eucaryotic Cells: Present 
State and Future Prospects 


Among the Lecturers: 


H. Goodman (U. of Calif, S.F.), A. Graesman (Free 
University of W. Berlin), S. Itzhar (Voicani Center, 
Israel), A. Loyter (Hebrew U. of Jerusalem), 

D. Papahadjopoulos (U. of Calif, $.F.). F. Ruddie (Yale 
U.), W. Rutter (U. of Calif, S.F.), R. Rott (inst. of 
Virology, Gissen, W. Germany}, R. Shimke (Stanford 
U.) 


Among the topics to be included: 


1. Transfer of Nucleic Acid into animal ceils. 

2. Introduction of genes into plant cells. 

3, Use of Liposomes as a carrier of biological materials. 
4. Fusion mediated transfer of biological materials into 


animal cells. 


Cost of $450 includes room and meals. No registration 
fees. Number of participants limited to sixty. The 
conference to be held at the Harrison Conference 
Center, Glen Cove, L.I., N.Y. Arrival Nov.22, 1981: 


departure Nov.25, 1981. 


interested scientists, please send as scan as possible information including 
name, address, phane, present position and areas of interest, Send to: 


International Genetic Sciences, Inc. 
ace Rd, Jamaica, NY, USA 11433 or call (272) 


INW76TIC 





UNIVERSITY 
OF SUSSEX 


MSc IN BIOCHEMISTRY 


This full-time, one year course can 
provide a training in general 
Biochemistry. Alternatively, 
applicants may specialize in either 
Biochemical Endocrinology or Plant 
Biochemistry and Bioenergetics. 
Research projects comprise a major 
part of the course, and are related to 
research currently underway in the 
Biochemistry Group, much of which 
is of immediate relevance to develop- 
ing countries. 


Applicants should normally 
possess a degree, or its equivalent, in 
Biochemistry or in a Biological, 
Chemical or Medical Science. 
Enquiries for further information 
and applications for the 1981/82 or 
1982/83 sessions should be sent to the 
Subject Chairman of Biochemistry, 
School of Biological Sciences, 
University of Sussex, Falmer, 
Brighton, Sussex BNI 9QG. 

(9153)C 


Please mention 


nature 


when replying to 
these advertisements 





| 








UNIVERSITY OF 
KENT AT CANTERBURY 
Faculty of Social Sciences 
STUDIES IN DISABILITY 


Applications are invited for two 
courses which will begin in January 
1982: (i) Diploma in Social Work and 
Physical Handicap (recognised by 
CCETSW) (ii) Certificate in 
Disability Studies, 


The Diploma Course is full-time 
and lasts for nine months and is 
intended for Social Workers and 
other professionals in the Health and 
Social Services. 


The Certificate Course is part 
time, with teaching confined to four 
mornings a week for one University 
term. In addition a dissertation has to 
be completed within nine months of 
registration. This course is for any- 


| one who has an interest in or wishes to 


update their knowledge of disability, 
including professionals who are 
unable to attend the full-time course. 


Teaching facilities on the Diploma 
and Certificate Course will be shared. 


For informal discussions about 
either course, contact Dr Mike Oliver 
at University of Kent. Tel: 0227 
66822, ext 7491. 


For applications and further 
details write as soon as possible 
quoting Ref PG1S/81/HSS to: 
Senior Assistant Registrar, Faculty 
of Social Sciences, The Registry, The 
University, Canterbury CT2 7NZ 

S155 


























xxiv Nature Vol, 292 23 July 1981 








FELLOWSHIPS 


= ve 


Travelling 
Fellowships 1982-83 


Applications are invited for Travelling Fellowships 
to be taken up in 1982-83. The scheme enables 
clinical and non-clinical biomedical research 
workers to undertake advanced specialised training 
overseas, or more senior workers (including 
academic or research staff on paid leave from 
permanent appointments) to collaborate with 
colleagues abroad, for periods of three months to 
two years (normal tenure one year). 









MASSEY UNIVERSITY 
Palmerston North, New Zealand 


POST-DOCTORAL FELLOWSHIPS 


Applications are invited for Post-doctoral Fellowships tenable in any 
Department of the University. 


The academic activities of the University are grouped under the 
following faculties and schoois. Opportunities for study and research 
are available in the following fields: 


AGRICULTURAL AND HORTICULTURAL SCIENCE — 

Agricultural Economics and Marketing; Farm Management; 
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throughout the three years preceding the 
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Registrar, Faculty of Natural 
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Cladistics and evolution on display 


How should museums of natural history exhibit specimens? Is cladistics a proper - 
framework? And is it too agnostic—soft on Neo-Darwinism? The last contribution gz 
to the correspondence on these topics is on page 403. Y 


The long correspondence about the British Museum (Natural 
History) — whose name should be changed — has raised more 
issues than have been resolved, so that on the face of things this is 
an inappropriate time to bring an end to the affair. In reality, 
however, the time has come when there is very little fresh that can 
be said about the issues orginally raised by L.B. Halstead (whose 
final contribution appears on page 403) and the other issues that 
have accreted over the months. (It is to be hoped that corres- 
pondents whose letters have not been published will appreciate 
that their arguments have mostly already been made by others.) 
The need now is that the contentious issues should not be 
forgotten — and that the museum should not think that the 
ending of the correspondence implies acquiescence in all aspects 
of its policy. 

The role of the technique of classification called cladistics in the 
museum’s exhibition policy evidently appears to many at the 
museum to be one of the chief issues to have been raised. The 
letter from Dr Roger Miles, the director of the Public Services 
Department at the museum (which plans and mounts 
exhibitions), and his colleague Dr G.C.S. Clarke on page 402 
defends the decision, in two of the recent exhibitions, that the 
relationship between specimens displayed should be described in 
cladistic terms — what first set Halstead off. The decision is 
justified on ‘‘educational grounds’’, presumably the argument 
that visitors to these exhibitions should be provided both with an 
understanding of how phylogenetic relationships may be inferred 
by. objective means (which is one of the undoubted virtues of 
cladistics, at least when meaningful correlations are obtainable) 
and with a sense of the uncertainty running through phylogeny. 
This is consistent with the principles on which curriculum 
development in high-school science have been constructed in the 
past twenty years. But museums are not high-school classrooms, 
in which good teachers can ensure that students appreciate the 
basis on which their work is carried out. Most visitors to museums 
see what is displayed but once. To fail to record, for such people, 
that in the opinion of most palaeoanthropologists, Homo erectus 
is the most likely precursor of Homo sapiens, is to lose an 
important opportunity — and to avoid answering questions in 
many visitors’ minds about the importance of recent discoveries 
in East Africa. And to fail to make explicit the principles on which 
these exhibitions were designed is to ask for trouble from people 
such as Halstead, caught up as they are with the argument about 
the validity of cladistics as a way of classification and as a cloak 
for ideology. 

Technically, cladistics has respectable origins, not least in the 
development of numerical taxonomy twenty years ago. Inevit- 
ably, however, the precision of a cladistic classification of fossil 
material is limited by the amount and variety of material available 
for analysis. Out-and-out cladists may hold that phylogenetic 
relationships not demonstrated by their techniques have no place 
in the interpretation of the fossil record and much of what they 
say makes philosophical sense. On present information, for 
example, there is no way of telling whether Archaeopteryx is the 
ancestor of all birds or (more probably) an early version of a bird. 
But pedantry can be carried too far, especially in public 
exhibitions. Although there may be cladistic doubt (represented 
by some such statement as “P< 0.1°’) about the relationship 
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between Homo erectus and Homo sapiens, do not the methods of 
classical palaeoanthropology, with all the appropriate quali- 
fications, deserve a place in public exhibitions because they are 
stimulating, provoking? 

Amore serious difficulty, in the course the museum has elected 
to follow, is that the technique is best at spotting branching points 
in familial relationships, and says little about gradual trans- 
formations within a single population so profound that they are 
tantamount to a qualitative transformation. No wonder that 
Halstead fears that cladism is a refuge for those who believe in 
punctuated equilibrium. But, while he mzy be able to marshal 
substantial evidence for the moderate assertion that many 
Marxist evolutionists are cladists, the proposition that all cladists 
are Marxists — which has not seriously been suggested by 
anybody, but only inferred — has no place in logic, It would in 
any case, as Sir Andrew Huxley said in his attack on Natureon 27 
May, be intolerable that such a reading of ewents should be held to 
be part of the case against cladistics. 

The other serious objection to the modelling of public 
exhibitions within the framework of ciadistics is that the 
framework is inherently agnostic. When the numerical 
correlations are too small to be significant when assessed against 
arbitrary criteria, relationships cannot be asserted. Although, 
even in exhibitions mounted for the general public, statements 
such as that ‘‘the case for thinking that Homo erectus was the 
precursor of Homo sapiens is not proved” may have a place, part 
of the trouble at the museum (to which there has been no reply) is 
that agnosticism has gone too far. Did evolution happen? The 
museum has cladistically not committed itself. Is Darwinism a 
“‘proper’’ scientific theory, in some sense of that word? The 
museum has withdrawn the obscure film that suggested to 
anybody who paused in passing that it is all a gigantic muddle; 
people will be looking, in the months ahead, at the museum's 
strategy for retreating from this gaffe. The difficulty, with which 
everybody must sympathize, is that all museums of natural 
history are used not merely by those who wish to answer questions 
in their minds about evolution and the like but also by those who 
believe that Darwinism is an abomination. 

Several other issues remain to be resolved. The aesthetics of the 
museum’s plans for the future have been questioned, and rightly. 
Is the new building really necessary? Is the push-button public 
exhibition the only acceptable modern style? Most certainly not. 
Was Sir Andrew Huxley’s attack on Nature (for publishing 
alleged irrelevancies) just? Readers must judge for themselves. It 
is understandable that a trustee of the museum should defend 
members of the museum staff from supposedly (but imagined) 
personal attacks at the celebration of the museum’s centenary. 
The issues raised are not, however, irrelevancies, even if notallof 
them are relevant to the museum. The defence would have been 
more persuasive if there had been less of it. And it was unfair to 
suggest that Nature’s interest was by sensation to enlarge its 
circulation. 

In all the argument of the past several months, perhaps the mest 
important issue has been curiously neglected. Like many other 
invaluable institutions, the Natural History Museum is staffed by 
scientists who are public servants. This circumstance is not usually 
restrictive. Members of the museum’s staff ordinarily function as 
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scholars without impediment. On the question of the public 
policy of the institution for which they work, however, civil 
service employees are less than free. In the past several months, 
many among the museum’s staff have sympathized with many of 
the complaints made against their institution, but have been 
gagged. The problem is not novel. Scientists working in defence 
establishments may, for example, differ from official policy on 
defence procurement, but may be unable to say so publicly. Those 
working on the development of the Anglo-French supersonic 
aircraft Concorde may have considered at the time that the 
project would be a waste of money and resources, and would by 
now have been justified by events. In such circumstances, 
however, it is understandable (if reprehensible) that laboratories 
should require their employee-scientists to keep their silence. The 
case for insisting on such a policy at an institution such as a 
natural history museum, whose public reputation stems from the 
supposed academic independence and integrity of its members, is 
by comparison non-existent. It is to be hoped that the museum’s 
trustees will now give this problem the attention it deserves, and 
urgently. For the correspondence of the past months shows that 
there is a great depth of seemly and legitimate professional 
interest in Darwinism, cladism and related matters. And it is not 
long until next April, when it will be time to mark the centenary of 
Charles Darwin’s death. 


Too much government 


The British government has once again slipped into the trap of 
taking too detailed an interest in the management of technology, 
this time in the development of the British nuclear power 
programme. Last week, the Department of Energy published its 
reply (see page 398) to the Select Committee on Energy’s report 
which, among other things, advocated that attention should be 
paid, even at this late stage, to the building of heavy water reactors 
on the Canadian pattern. In doing so, the committee was keeping 
faith with the traditions established by its predecessors 
(principally the now defunct Select Committee on Science and 
Technology) in hankering after reactor designs that nobody with 
direct responsibility for generating electricity wants to build. 
(Nearly a decade ago, the committee was pushing for the steam 
generating heavy water reactor, a complicated device using heavy 
water as a neutron moderator and pressurized ordinary water asa 
coolant, which was in 1977 discovered to be too complicated to 
fabricate.) 

The Department of Energy rightly said last week that nothing 
has happened in the past four years to suggest that Canadian 
heavy water reactors would be economic in British circumstances, 
and thus rejected the committee’s chief technical 
recommendation. As the department responsible for the Central 
Electricity Generating Board, the principal owner of reactors in 
the British electricity supply network, the department is well 
within its rights in making this opinion public. But it goes too far 
when it declares that the next thermal reactor ordered for the 
British network ‘‘should be the Pressurized Water Reactor’’. By 
this declarative statement of technical policy, the Department of 
Energy has committed the British government not merely to a 
technical policy that it (or its successor) may regret, but toarole in 
the management of technology that it should not be playing. 

The circumstances are clear. The nationalized industry with a 
near-monopoly right to generate electricity south of the Scottish 
border is the Central Electricity Generating Board, much 
criticized by the Select Committee on Energy for its over- 
optimistic forecasts of electricity demand and for its imprecise 
calculations of the relative costs of generating electricity from 
different fuels. Constitutionally, the board has an unambiguous 
technical responsibility for deciding how best to generate 
electricity. If, with the passage of time, the board is found to be 
incompetent, either technically or in its economic judgements, the 
Department of Energy has a right, even a responsibility, to fire the 
board and appoint another. But if the department also sets itself 
up as the body that decides what kinds of reactors should be built, 
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its freedom to exercise its own constitutional responsibilities must 
be compromised. Worse, the government itself, and not the 
generating board, will become the target for the torrent of 
complaint that will be mobilized at next year’s public inquiry at 
the proposal to ‘recreate Three Mile Island in Suffolk” (for 
where the generating station is destined). The result will be that 
the government’s essential quasi-judicial role as the arbiter 
between the generating board and public protesters will also be 
undermined. How can it be otherwise when the department in its 
reply to the select committee uses forms of words such as ‘‘the 
government believes’’ that the next British reactor ordered should 
be a pressurized water reactor? 

This complaint is not mere pendantry. Forms of words matter, 
and in this case all too clearly reveal that the Department of 
Energy has not clarified for itself its relationship with the 
electricity-generating industry. The result is that the department's 
announcement of the form of the public inquiry about the first 
British reactor of this type has a hollow ring. Last week’s 
document says that the inquiry is to be ‘‘wide ranging’’, that 
documents describing the studies that will have been made of the 
safety of the British reactor should be published well in advance, 
and that objectors should have time in which to prepare their case. 
The department rejects the select committee’s proposal that a 
time limit should be fixed for the inquiry. All this is sensible 
enough if the objective is to reconvert British public opinion to 
nuclear power. The snag is that the department, having 
announced in advance its ‘‘belief’’ in the generating board’s plan, 
will be accused at the inquiry of being a prejudiced judge in the 
case. This is a surprising error for a government which, at its 
election two years ago, advocated that government should be less 
obtrusive. 


Over-civil servants 


The trouble with the British government’s response last week to 
the inter-departmental review of the scientific civil service 
published nearly a year ago (see Nature 287, 264; 1980) is that 
much of what it says has been said before. Yes, steps will be taken 
to help people recruited into the public service as scientists to 
move to administrative work. Yes, arrangements will be worked 
out to make the careers of those who stay as working scientists 
more interesting and challenging. Yes, steps will be taken to see 
whether government departments could make fuller use of 
scientists on short-term appointments. Yes, steps will be taken to 
define the roles of chief scientists in government departments 
(and then to ensure that these roles are carried out). Yes, steps will 
be taken to improve the literature handed out to potential recruits 
to the British scientific civil service (and departments will be asked 
to explain themselves to the Civil Service Department if they make 
a habit of recruiting highly qualified people to relatively lowly 
jobs). Yes, yes; the future will indeed be different from the past 
and better, more enlightened, more flexible, more challenging. 

Brave words do not necessarily come true, as the negligible 
response of successive governments to the report of Lord Fulton’s 
Royal Commission on the Civil Service more than a decade ago 
has shown. Briefly, however, the British civil service (and any 
other public service) has two overriding problems to solve in its 
relationship with scientists. First, how is the appalling lack of 
scientific understanding in the formulation of general policy to be 
made good? And how are those employed exclusively as scientists 
to be kept interested and alert? The simplest course would solve 
both problems. Let the recruitment of professional scientists 
(PhDs for example) to the public service be at the outset for an 
initial period of seven years. Let it be understood that those 
dispensed with at the end of this period are given a substantial 
gratuity, say a year’s salary. And let it be understood that those 
kept on should either help to make policy or function as professional 
scientists, with the proviso that while they may be required 
confidentially to advise the departments that employ them on 
technical matters, they should be free to take part in the affairs of the 
intellectual professions that gave them skill (see above). 
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Du Pont sets 
up new lab, 
others to come 


Washington 

Reluctant to commit themselves to the 
commercial promise of the ‘“‘new biology” 
only a few years ago, the United States 
chemical giants are now queuing up to 
jump in the deep end. Last week the largest 
of all, Du Pont, announced plans for a new 
$85 million life sciences complex, designed 
for 700 scientists and technical personnel, 
to be built near the company’s 
headquarters in Wilmington, Delaware. 

One of Du Pont’s closest rivals, 
Monsanto, has already established what 
the company describes as a ‘‘free-standing 
molecular biology center’’, which will have 
“a larger component of basic research than 
at most industrial companies’’. According 
to Monsanto chairman, Mr John Hanley, 
genetic engineering is likely to become a 
major branch of the company in the future; 
“we're up to the eyeballs in molecular 
biology’’, he says. 

Both companies already have substantial 
contracts with outside research insti- 
tutions. Last month, for example, Du Pont 
announced a five-year, $6 million 
agreement with Harvard Medical School 
(see Nature 16 July, p. 191) to conduct 
research on molecular genetics, with the 
company receiving exclusive licences to 
market any resulting products. Monsanto 
signed a similar deal with the same insti- 
tution, though with a slightly different 
focus, six years ago; recently it has been 
working with Genentech on bovine and 
porcine hormones, looking at ways of 
producing more meat with less feed. 

At the same time, however, major 
chemical companies such as Du Pont and 
Monsanto are building up their in-house 
capacity at a rate which is already 
producing major recruitment difficulties. 

Du Pont’s life sciences complex is part of 
a plan to raise from 10 to 20 per cent the 
proportion of gross revenues which the 
company earns from sales of 
pharmaceutical, biomedical and agri- 
cultural products. According to the com- 
pany’s new chairman, Mr Edward 
Jefferson, it intends to spend 21 per cent of 
its $570 million research budget next year 
on the life sciences, and that figure is 
expected to increase over the next five 
years. 

The new complex will include a 
250,000-square-foot facility for health 
sciences research and a 100,000-square- 
foot expansion of existing plant labor- 
atories at the company’s experimental 
station in Delaware. Completion is 
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scheduled for December 1983, and the 
company intends ¢o expand the scope of 
current research not only in molecular 
genetics, but also in fields such as immun- 
ology, neurobiology, cardiology, geron- 
tology, plant biology, plant pathology and 
entomology. 

Du Pont’s announcement seems to have 
been partly precipitated by rumours that 
the company’s current attempts to take 
over the oil company Conoco could 
interfere with Du Pont’s recent moves to 
diversify away from petroleum-based 
products. Mr Jefferson has denied such 
rumours, claiming that the company 
intends to continue its aggressive thrust 
into the life sciences for their own sake — 
and for the profit they may bring. 

Several petroleum companies are them- 
selves beginning to enter the fields. 
Atlantic Richfield has set up a genetic 
engineering laboratory which company 
officials describe as “our most academic 
laboratory’; novel arrangements being 
discussed include two-year research 
appointments, and lengthy sabbaticals for 
research workers who wish to spend time at 
universities. 

Waiting in the wings is the Exxon 
Research and Engineering Company, the 
research wing of Exxon Corporation, with 
an annual research budget of $489 million 
— almost half that of the National Science 
Foundation. Company officials declined 


to comment last week on the company’s 
plans, saying that no announcement was 
expected for several months; however, 
there are rumours that Exxon is working on 
an arrangement that it likes to compare 
with the position of the Bell Laboratories in 
telecommunications research. 

The broad potential impact of life 
sciences research in medicine is revealed in 
a report, entitled Forecast of Emerging 
Technologies, soon to be released by the 
Food and Drug Adniinistration, of a study 
in which 190 experts both inside and inde- 
pendent of the agency were asked to predict 
which new medical technologies were likely 
to emerge within the next fifteen years. 

Almost a quarter cf the 168 technologies 
listed involved basic areas of genetic engin- 
eering and computer technology. Eight 
technologies accounted for one-third of 
the citations, headed by hybridoma tech- 
nology, nuclear magnetic resonance 
imaging and the use of recombinant DNA 
to produce interferon. 

Meanwhile at least one university has 
decided to provide financial support te 
faculty members attempting to exploit the 
result of their research in molecular 
biology. The Michigan State University 
Foundation has announced that it is 
contributing $100,000 to help set up a new 
company, called Neogen, which is expected 
to specialize in the genetic engineering of 
plants. David Dickson 


Research council plans academic rescue 


Britain’s Science and Engineering 
Research Council is to come to the 
aid of outstanding academics threatened with 
redundancy as a result of cuts in the univ- 
ersities’ income. Last week, the council 
decided that it would help academics in 
departments marked for closure to transfer to 
other universities, and would pay their 
salaries for up to ten years if necessary. The 
council is calculating that the universities 
should then have reorganized themselves and 
that the University Grants Committee should 
be able to take up the bill again. 

The council is particularly anxious that 
good individuals and groups should not be 
lost simply because they happen to work in 
those universities faced with the largest cuts in 
their income. It will be looking for academics 
that it considers especially valuable who are 
about to lose their jobs and may also consider 
setting up special transfer fellowships for 
which threatened academics will be eligible to 
apply. 

As yet, the council has little idea of how 
many individuals it will want to support or 
how much money it should set aside. Esti- 
mates will have to wait at least until the 
autumn, according to Sir Geoffrey Allen, 
chairman of the council, when universities 
have a better idea of where economies will 
fall. In the meantime, the council has 
increased the number of replacement 





fellowships, by which a senior academic 
returns to research leaving a tenured post for 
a younger person, from 15 to 20 per year. The 
council, which will pay the net cost for five 
years, expects to spend £500,000 a year on the 
scheme. 

Sir Geoffrey’s main concern is that the cuts 
in university income will further undermine 
the dual support system for research, 
whereby the University Grants Committee 
provides funds for staff and well equipped 
laboratories and the research councils award 
grants for specific projects. The gradual 
undermining of the universities’ income over 
recent years has already weakened the 
research base, according to Sir Geoffrey, who 
is anxious that the restructuring of the 
unviersity system caused by the cuts should be 
designed to strengthen the research base to 
near its former level rather than weaken it 
further. 

He would like to seeindividual universities 
concentrate their efforts to a greater extent 
than implied by the University Grants 
Committee in its advice to them, preferring a 
smaller but stronger research base to a larger, 
weaker one. Although those views are shared 
by the University Grants Committee, which 
has attempted to confine the misery caused 
by the cuts by being selective, Sir Geoffrey 
believes that the selectivity could and 
should go further. Judy Redfearn 





$1981 Macmillan Journals Lid 




















398 






French universities 


Decision postponed 


The 74 French universities, many of 
them created in the reform which followed 
the student rebellion of 1968, are in 
suspense. Does the new Socialist 
government love them or not? 

The Minister of Education, M. Alain 
Savary, is keeping his own counsel. He has 
received representations from all sectors of 
the universities, from unions to presidents, 
since his invitation to the universities to 
appeal against the recently-published list of 
habilitations — a list of qualifications that 
each university is allowed to offer. The 
list was conceived largely by the previous 
Giscardian minister, Mme Alice Saunier- 
Seité, and eliminated many old courses and 
refused the introduction of some new ones. 
A second, supplementary list was promised 
for last Saturday — but it did not 
materialize. 

Now, says the ministry, it will appear at 
the beginning of August, when 
conveniently most of France is on holiday. 
And at the end of the vacation, M. Savary 
is to call unions and university presidents to 
a discussion, where he will attempt to reach 
agreement on new rules for creating 
university research and teaching 
programmes. 

The implication may be that the new list 
will not be everything the universities want 
— which is approval for all the courses they 
propose. For defying Savary’s call for self- 
restraint, the universities have thrown 
themselves solidly behind their original 
lists, so heavily pruned by Saunier-Seité. 

Nevertheless, they could have done little 
else, for Savary has given them no guide- 
lines for what to keep and what to cut. 

In the end, it may be the level of political 
pressure that has been brought on him that 
will determine which courses are approved. 
For example, at the Université de Haut- 
Bretagne (Rennes II), it appears that a 
course on the Breton language will be 
restored in the second list because of 
pressure from a group of Breton par- 
liamentarians. After all, the government is 
pledged to respect and increase regional 
autonomy. And the new emphasis on the 
oceans (France has for the first time a 
minister of the sea) may save a course of 
oceanography at the Université de Toulon 
et du Var. 

Savary certainly declared himself 
appalled at the state of university politics 
when he arrived in office, and it has not all 
been attributable to his predecessor. 
According to one senior scientific official, 
the university system had got out of hand 
after 1968, and needed to be trimmed. 
Ninety-five per cent of Saunier-Seité’s cuts 
were well judged, he thought. 

However, such outspoken officials and 
heads of department may find themselves 
the symbolic sacrifices of the new 
government, to satisfy the multitude while 

the new politics is being thrashed out. At 








the beginning of this month, one of the 
teaching unions (SGEN-CFDT) called for 
the resignation of certain heads of depart- 
ment who were still actively supporting 
Saunier-Seité’s point of view; and now it 
seems the Council of Ministers has a list of 
27 names before it. These counter- 
revolutionaries may have to go, it is 
implied. Robert Walgate 


UK nuclear energy 
Maintaining course 


The British government remains 
convinced of the wisdom of its nuclear 
policy in spite of criticism from the House 
of Commons Select Committee on Energy 
in a report published earlier this year (see 
Nature 19 February, p.621). In a reply to 
that report, released last week (Nuclear 
Power, Cmnd 8317, HMSO, £2.30), the 
Department of Energy reiterates its belief 
that Britain could need 20 GW of new 
electricity generating capacity by the year 
2000 and should go ahead with the 
programme, outlined in 1979, to order one 
new nuclear reactor a year for the next 
decade (15 GW in all). But it agrees with the 
select committee that the programme 
should be flexible and that each new order 
should be assessed on its merits. 

The goverment is, however, sceptical of 
the select committee’s suggestion that the 
£15,000 million that the programme is 
expected to cost might be better spent on 
conservation, saying that the relative 
benefits of investing in new plant and in 
conservation are too difficult to estimate. 
But it has accepted the recommendation 
that the planning margins of the Central 
Electricity Generating Board (CEGB), 28 
per cent, should be reconsidered and has 
charged the Electricity Council with the 
task. On the contentious question of 
estimating future electricity demand, it 
says that it must rely on its own estimates 
and those of the Central Electricity 
Generating Board, the latest of which 
assume a growth rate in the economy of | 
per cent a year until the end of the century. 
Some of the estimates are due to be up- 
dated. 

The select committee was particularly 
disturbed when it came to assess the nuclear 
programme on economic grounds. It 
shared the concern of a subsequent 
Monopolies and Mergers Commission 
report on CEGB over the way the board has 
estimated future capital costs from historic 
costs. The government agrees that this is an 
unreliable way of appraising future 
investment and, taking its cue more from 
the Monopolies Commission than from the 
select committee, has asked CEGB for 
improvements in its investment analysis. It 
has also asked for reassessments of 
assumptions about future coal prices and 
availability, power station construction 
times and costs and the performance of 
advanced gas-cooled reactors. 

No change is planned, however, to the 
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Structure of the nuclear power industry, 
nor does the government intend to 
implement the select committee’s 
recommendations for broadening its 
advice on nuclear matters. But the 
Secretary of State is already looking at 
ways of attracting suitable staff to the 
Nuclear Installations Inspectorate. 
The government is still set for a public 
inquiry in 1982 into the siting of Britain’s 
first pressurized water reactor, intended to 
start off the new programme, at Sizewell in 
Suffolk. Although the precise details of the 
inquiry have yet to be released, Sir Frank 
Layfield, QC, who chaired an inquiry into 
local government finance in 1974, was 
appointed its inspector last week. The 
government will not, however, expect the 
inquiry to examine the merits of the 
pressurized water reactor relative to 
CANDU, the Canadian heavy water 
reactor. It rejected the select committee’s 
recommendation for an urgent new 
appraisal of CANDU on the grounds that 
the costs of adapting it to British conditions 
would be too high at this stage. 
Judy Redfearn 


Science education funding 


Pressing claims 


Washington 

In one of his first acts as the new presi- 
dent of the National Academy of Sciences, 
Dr Frank Press, formerly director of the 
Office of Science and Technology Policy 
under President Carter, has strongly 
criticized the cuts in federal support for 
science education that have been proposed 
by the Reagan Administration. 

Dr Press’s comments on the proposed 
cuts, which would virtually eliminate 
funding for science education from the 
National Science Foundation (NSF), were 
contained in a letter to the chairman of the 
House of Representatives Science and 
Technology Committee, Mr Don Fuqua. 
And the letter, together with similar 
complaints voiced by individuals and insti- 
tuions from across the country, seems to 
have had an effect. 

Last week, the House voted to approve a 
1982 budget for NSF which included an 
additional $35 million for science 
education in excess of the Administration’s 
request. In the process, the Democrat- 
controlled body rejected by 264 votes to 
152 an attempt by Republicans to remove 
this extra money from the NSF appro- 
priations bill and reduce the foundation’s 
total budget to the $1,033 million proposed 
by President Reagan. 

Although the House vote may prove to 
be critical in restoring the science education 
funds, there is still some way to go. Also 
last week the Senate appropriations 
committee approved a budget of $1,044 
million for NSF, which includes an 
additional $20 million for science 
education; if accepted by the full Senate, 
the subsequent compromise with the 
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House would lie between this and $35 
million. 

In his letter to Mr Fuqua, Dr Press points 
out that a study carried out last year for Mr 
Carter by NSF and the Department of 
Education demonstrated problems caused 
by the deterioration of science and 
engineering education that ‘‘are pervasive 
and complex and will require determined 
and concerted effort by all sectors of 
society for their solution’’. David Dickson 


rea 





A brief respite 


The Glomar Challenger, the work- 
horse of the Deep Sea Drilling Project, 
docked last week at Southampton in 
preparation for the next stage (Leg 81) of 
the project. The previous leg was spent in 
the Bay of Biscay, to determine the rifting 
and subsidence history of the continental 
margin. Leg 81 will be spent near Rockall, 
a few hundred miles to the west of 
Scotland, studying the variations of 
subsidence across the ocean-continent 
boundary. 
























Challenger on the crest of a wave 

The Deep Sea Drilling Project is at 
present riding on a wave of enthusiasm 
for its scientific record, and has so far 
done well in President Reagan’s financial 
obstacle race. Glomar Challenger’s 
drilling operations are funded for at least 
another two years, with a 1982 budget of 
$26 million. Of this, $12 million will come 
from Britain, Germany, France, the 
Soviet Union and Japan, while the bulk 
of the United States contribution will be 
provided by the National Science 
Foundation. 

Future plans are, however, less certain 
because of the debate within the foun- 
dation over the competing merits of 
Glomar Explorer — the converted ex- 
CIA submarine-dredger. Although vastly 
more expensive (its expected cost lies 
between $500 million and $1,000 million 
over ten years), the Explorer programme 
would be half financed by the oil industry 
on the strength of its considerable oil- 
hunting potential. The scientific issues 
are complex, however; and a decision 
from Congress on whether or not to fund 
initial Explorer development is expected 
in October. Philip Campbell 






















EEC hormone legislation 
First another report 


Brussels 

Progress of a sort was achieved by the 
European Community’s agricultural 
ministers in Brussels last week when they 
discussed the problem of a total ban on 
hormone use in livestock breeding. They 
decided that Community law should ban 
stilbenes and thyrostatics as growth pro- 
moters in livestock breeding even though 
these hormones are already outlawed in all 
the member states. 

And to serve as a figleaf for the lack of 
agreement on other growth promoters, it 
was decided to wait for a scientific report 
before dealing with the natural hormones 
oestradiol, progesterone, testosterone and 
the synthetic hormones trembolone and 
zeranol. A deadline of nine months has 
been set for this report but quite how it will 
help to solve what is essentially a political 
problem nobody is quite sure. 

Details of how this scientific report will 
be compiled are also still hazy. Pre- 
sumably, the same national experts who 
form the various scientific committees 
advising the European Commission on vet- 
erinary or nutritional matters will assess the 
present state of knowledge. 

European consumer groups are planning 
to write to their ministers to demand that 
these experts are chosen for their impar- 
tiality. In fact, anyone nominated by a 
national government will have already con- 
tributed towards that government’s 
position on hormones. The scientific 
report may therefore end up reflecting only 
the existing divisions of opinion. 

The United Kingdom and Ireland are the 
strongest opponents of a blanket ban, but 
producers in other member states are 
lobbying effectively in the other direction. 
France, Denmark and Italy want 
legislation to be as severe as possible — and 
it was the ruling of an Italian court to ban 
veal sales which started the whole affair. 
The new French agriculture minister, Edith 
Cresson, stressed at the Council that 
France would not be bound by the 
conclusions of the scientific report. 
Belgium and Germany in theory already 
ban the use of all hormones. 

Consumer groups are also incensed by 
the ministers’ reluctance to thrash out the 
ways and means to enforce a ban of any 
kind, Natural hormones are notoriously 
difficult to detect and the various member 
states do not all have the same reputation 
for the effective policing of detectable 
substances. 

What has been achieved is the right for 
any member country to prevent the entry 
from another EEC country of meat which 
contains hormones such as stilboestrol, 
diethylstilboestrol, dienoestrol and 
hexoestrol. And those member states with 
legislation which bans other hormones can 
carry on as before. 

In nine months’ time, the European 
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Community will still have to decide 
between a policy which favours the 
consumer approach of banning unless 
proved safe and one favouring the 
industry’s attitude of carrying on until a 
substance is known to be dangerous to 
human health — which is the choice of the 
United States. Jasper Becker 


Third World development 
Proper priorities 


Washington 

The US Agency for International 
Development (AID) is continuing to pick 
up the pieces following the failure of the 
Carter Administration to convince Con- 
gress of the need for a new Institute for 
Scientific and Technological Cooperation 
to act as a focus for research on the needs of 
Third World countries. 

Earlier this month the agency announced 
that as part of a general reorganization, a 
new Bureau of Science and Technology 
was to be established. Furthermore the title 
of ‘‘assistant administrator for develop- 
ment support" will be changed to ‘‘senior 
assistant administrator for science and 
technology”, a position that will have 
responsibility for the bureau. 

One of the aims of this reorganization, 
according to agency officials, is to 
strengthen the research activities of AID 
which have in the past been of lower 
priority than more conventional technical 
aid programmes. This was one of the 
reasons quoted for establishing the 
Institute for Scientific and Technological 
Cooperation, a body which would remain 
under the same umbrella as AID, but 
operate independently with its own board 
of advisers. 

The parallel between the goals of the il- 
fated institute and the newly proposed 
bureau is strengthened by the fact that Mr 
Reagan’s appointee to head the bureau, Dr 
Nyle Brady, had previously been 
successfully wooed by the Carter Adminis- 
tration as its proposed director for the 
institute. Dr Brady will have responsibility 
for the administration of a wide range of 
centrally-funded research and develop- 
ment programmes, some of which were to 
have been shifted from AID to the new 
institute. 

The Carter Administration had origin- 
ally proposed significant increases in 
research support for these areas which 
would have virtually doubled the AID 
budget for research and development to 
$229.8 million in the fiscal year 1982. The 
Reagan Administration has reduced this 
dramatically to a request for $134.5 
million, with large cuts, for example, in 
support for agricultural research on food 
production in Africa. 

Even with these cuts, however, AID 
officials point out that the 
Administration’s request for science and 
technology programmes for 1982 is 40 per 
cent higher than the amount spent on 
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research by AID in 1980. A particularly sig- 
nificant increase is in energy research, 
scheduled to grow from $3.4 million in 
1980 to $16.3 million in 1982. 

The impact the increase in funds and the 
internal reorganization will have remains 
controversial. Those in Congress who 
argued most strongly for the institute are 
somewhat sceptical. 

This scepticism is reflected in a report 
from the House Foreign Affairs Com- 
mittee on the AID budget request, which 
has included as a separate item a proposed 
$10 million (reduced from President 
Carter’s requested $18 million) for the 
support of scientific and technological 
cooperation with developing countries. 
The committee has reinserted this money 
into the broader category of ‘‘selected 
development activities”. 

In fact, much of this money will be spent 
in a way comparable to what the institute 
would have done, but through a different 
agency, the National Academy of Sciences. 
AID has agreed to provide $35 million of its 
science and technology funds over the next 
five years to a new grants programme 
established under the academy’s Board on 
Science and Technology for International 
Development. 

The grants, which will be $5 million for 
1981 and increase to $10 million by the 
middle of the decade, will be spent largely 
on supporting research activities in the de- 
veloping countries on projects selected by 
an advisory board. ‘‘One of our principal 
goals is to help developing countries build 
up their research capabilities, precisely the 
request that they were making at UNCSTD 
(the United National Conference on 
Science and Technology for Development) 
in Vienna in 1979”, says the board’s staff 
director, Dr Victor Rabinowitch. 

When the grants programme is added to 
its more traditional activities, such as 
arranging seminars on Third World 
problems, the board will begin to resemble 
a scaled-down version of the Institute for 
Scientific and Technological Cooperation. 

Furthermore its relative autonomy from 
AID goes some way to meeting the objec- 
tions of those who argued that, as put 
forward by the Carter Administration, the 
inclusion of the institute under the 
umbrella of development aid bodies would 
have stifled its flexibility. David Dickson 


Polish economic reform 


Self-governance wins 


Warsaw 

The latest Polish plans for economic 
reform, discussed in considerable detail 
during the recent extraordinary Party 
congress, include a major shake-up for 
Polish science and technology. The basis of 
the proposed new economic model is a 
switch from rigid central planning of 
industrial production to a degree of ‘‘self- 
governance” (samorzadnoé¢) — a word 
introduced into the Polish political lexicon 


0028-0836/81 /310400-02$01.00 


with the rise of the independent trade union 
movement last August. 

The new system, which is to be intro- 
duced in four phases over the next 18 
months, will allow for more public and 
expert discussion in advance of overall 
production plans and delegate to factories 
initiative for deciding how they fit in with 
the overall targets. 

As in Hungary, the authorities will steer 
production by a system of financial 
incentives, but factory managements will 
have considerable responsibility for 
decision-making on modernization and 
technological innovation. One of the 
major charges laid against the previous 
Gierek government in the preamble to the 
new plan is that autocratic planning 
blocked technical innovation. At the same 
time, many of Mr Gierek’s prestigious 
schemes are being dropped. The 
‘*Program-Wisla’’, for example, which 
was totally to remodel Poland’s major 
waterway by the end of the century, has 
been cut back to its environmental and 
agricultural components. The schemes for 
hydroelectric dams and the straightening 
of rivers have been dropped sine die. 

Other harm done by Gierek’s policies 
will not be so easily remedied. Discrimin- 
ation against the private farmer in the 
pricing and supply system ran agriculture 
down to a level where even the new 
rationing system cannot ensure supplies of 
basic home-produced foods. The abolition 
of the small pharmaceutical cooperative 
factories in the 1970s has meant that 
Poland has had to shop abroad for a wide 
variety of drugs whose production runs 
were too small for the state pharmaceutical 
enterprise Polfa — and when hard 
currency ran out, so did the supply of even 
the most essential drugs. The international 
relief operation to ensure vital supplies now 
being mounted jointly by Solidarity and 
the Polish Ministry of Health is a strange 
contrast with the anxiety in the mid-1960s 
in the United Kingdom that Polish drugs 
might undercut the domestic products. 

Although the new plan pays lip-service 
to the strengthening of scientific and tech- 
nical ties with other (especially Comecon) 
countries, it is also clear that for the present 
Poland will have to rely mainly on home- 
based technology. 

A reorganization of the responsible 
ministries is also on the cards. One is for a 
State Committee for Technical Progress 
responsible to the Prime Minister. The new 
body would be unique in the Comecon bloc 
in dealing only with technology, and may 
point to an ultimate break-up of the 
Ministry of Science, Higher Education and 
Technology. Straws in the wind include the 
appointment last month of a mining 
specialist, Jerzy Nawrocki, as Minister of 
Science, Higher Education and 
Technology, and the plans discussed at the 
congress for a complete review of the 
country’s industrial research institutes and 
the closure of those not cost effective. 

Whatever the final form of the reorgani- 
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zation, one change is certain — a revision 
of the present practice of financing science 
by ‘‘problems’’ ostensibly related to 
economic needs and organized into a 
cumbersome hierarchy of priorities. 
Among likely innovations are direct 
research contracts between industry and 
the universities or academy institutes and 
the allocation of funds for basic research 
directly to the institutions concerned. 

For the moment, however, virtually all 
such funding will come in non-convertible 
zloty. Hard currency for the purchase of 
equipment, reagents or journals from the 
West is simply not to be had; according to 
one leading physicist, only two sub- 
scriptions to Nature are now authorized for 
the whole of Warsaw. Vera Rich 


British Technology Group 


Mixed marriage 


Last week, Britain’s National Enterprise 
Board and the National Research Develop- 
ment Corporation finally merged. The 
British Technology Group, as the two are 
now called, has been in the offing since Sir 
Frederick Wood was appointed chairman 
of both the board and the corporation at 
the beginning of the year. His plan for a 
merger has now been accepted by the 
government, although legislation to give 
the group formal status will not be possible 
until 1983. 

The plan is that the group will offer more 
streamlined services to innovators seeking 
backing for their ventures than either of the 
parent organizations. The merger will also 
eliminate competition between the board and 
corporation for the same projects. 

The function of the former corporation 
to support research and development into 
potentially marketable innovations will be 
largely taken over by the group’s 
technology transfer division. And the 
board’s experience in raising finance to 
invest in industry will be incorporated into 
the new investment and operations 
divisions, the latter being responsible for 
returning investments to the private sector. 

Both parent organizations have been 
widely criticized in the past. The board, 
which was originally set up in 1965 by the 
then Labour government with the potent 
title of Industrial Reconstruction 
Corporation, has since been substantially 
curtailed. And the corporation has been 
criticized mainly by academics for not 
being adventurous enough in supporting 
their innovations and persuading industry 
to take them up. The British Technology 
Group is intended primarily to marry the 
corporation’s access to innovators with the 
board’s financial expertise. There is to be a 
new liaison team whose prime respon- 
sibility will be to scour the universities more 
aggressively than in the past. 

The group is also to have a new corporate 
development unit to develop strategies for 
investment. Areas of priority are advanced 
manufacturing and biotechnology. A 
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study team on robotics has already 
presented a strategy paper to the group 
which is expected to result in investments 
within the next few months. The group also 
has plans for investing in biotechnology in 
areas not covered by Celltech, the company 
set up by the board last year. 

As yet the group does not know precisely 
how much public money it will have to 
spend. The precise structure of the new 
organization should become clearer in 
September. Judy Redfearn 


Tidal energy 


The big dam 


The economic feasibility of a tidal 
barrage for generating electricity across the 
Severn estuary in south-west England will 
depend on how many nuclear power 
stations are attached to the national grid. 
In most circumstances, however, a barrage 
would be a good investment, according toa 
report by the Severn Barrage Committee 
published last week. The committee, set up 
in 1978 under Sir Hermann Bondi, then 
chief scientist at the Department of 
Energy, and whose deliberations have cost 
£2.3 million, has also concluded that a 
barrage is technically feasible but has called 
for detailed studies of its potential envi- 
ronmental, industrial and social impact. 

The outlook for a barrage across the 
Severn estuary, which has one of the 
greatest tidal ranges in the world, has 
improved considerably in the past two 
years, according to the committee. 
Approximately 40 per cent more energy 
should be obtainable from an inner 
barrage, the scheme favoured by the 
committee, than was originally thought. 
And electricity generation should be 
possible nine rather than 16 years after the 
start of construction. 

The committee estimates that the most 
cost-effective scheme would cost about 
£5,600 million and would generate 13 TWh 
a year from an installed capacity of 7,200 
MW. That scheme is for an inner barrage 
from Brean Down to Lavernock Point con- 
sisting of large prefabricated concrete units 
housing turbines and sluices. A more 
ambitious barrage built further out to sea, 
costing £8,900 million and generating 20 
TWh from 12,000 MW capacity, would be 
less economic and involve greater risk 
during construction. The inner barrage 
scheme, on which the committee has based 
most of its calculations, has the added 
advantage that a second barrage could be 
added at a later stage. The two together 
would provide as much energy as the outer 
barrage at a similar overall cost. 

Because of the variability in tidal energy, 
a barrage would reduce the need for other 
generating capacity only by about 1,000 
GW, according to the committee, most 
savings being in fossil fuel. And as nuclear 
power is also capital-intensive and low on 
fuel costs, the attractiveness of a barrage 
will to a large extent depend on future plans 
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for nuclear power. Under the Central 
Electricity Generating Board scenario, 
which assumes a fairly rapid growth in 
nuclear power stations, the barrage is 
marginally unattractive, says the com- 
mittee. But it could provide an attractive 
alternative if nuclear plans are modified 
only slightly. 


tarren Point 
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The committee seems convinced that a 
Severn barrage should at least be seriously 
considered as a possible alternative to 
investment in nuclear power. Before a 
decision is finally taken, however, it 
recommends further studies of the effects 
on water levels, wildlife and local amenities 
and the capacity of British industry to cope 
with such a project. If the government 
decides to take investigations further, the 
next step should be an acceptability and 
preliminary design study costing £20 
million and the building of prototype 
concrete units at a cost of £25 million. 

Judy Redfearn 


US nuclear weapons 
Lasers purify 


Washington 

A Washington environmentalist group is 
trying to prevent the Department of Energy 
from carrying out an expanded programme 
of research into laser isotope techniques 
for separating plutonium for US nuclear 
weapons from spent nuclear fuel. 

A classified research programme into 
laser isotope separations, using copper 
vapour lasers for uranium enrichment, has 
been carried out at a relatively low level of 
funding at the Department of Energy’s 
Lawrence Livermore National Laboratory 
and the Los Alamos National Laboratory 
since the mid-1970s — in both 1980 and 
1981 total funding for the programme was 
$5 million. 





In testimony before a congressional 
committee in March which has just been 
declassified, the Department of Energy 
requested an increase in funds to $155 


million over the next three years to support. 


this research and its application to 
plutonium enrichment. This money would 


include the construction of a pilot plant, 


and the department is also discussing plans 
to construct a $200 million multipurpose 
plutonium isotope production plant. 

In a letter sent last week to the Secretary 
of Energy, Mr James Edwards, a staff 
scientist and an attorney with the Natural 
Resources Defense Council say that the 
plutonium laser isotope separation 
programme ‘‘carries grave nuclear 
weapons proliferation risks” and is 
“totally inconsistent with the fundamental 


objective of President Reagan’s muclear. : 


non-proliferation policy”. 

They point out that although the depart- 
ment has identified several other appli- 
cations for the process — such as the: 
enrichment of fuel-grade plutonium as fuel . 
for the breeder reactor research 
programme — ‘‘it appears that these appli- 
cations would not serve as adequate justi- 
fication for the program, particularly in 
light of the severe proliferation dangers”. 

In their presentation to the congressional 
committee, Department of Energy officials 
said that the purpose of the expanded 
programme was to make available for 
weapons use approximately 70 tonnes of 
plutonium by reprocessing commercial 
spent fuel and then enriching the 
plutonium to weapons-grade by laser 
isotope separation. It would be possible to 
convert fuel-grade plutonium produced by 
the department’s nuclear reactor in 
Hanford, Washington, to weapons-grade. 

One of the purposes of the laser isotope 
separation process is to enrich plutonium 
to weapons grade by reducing the concen- 
tration of the major contaminant isotope 
Pu-240, which is not spontaneously fissile. 
According to testimony given to Congress 
by F. Charles Gilbert, assistant secretary 
for nuclear materials at the Department of 
Energy, plutonium is placed in one of four 
categories depending on the concentration 
of the Pu-240 contaminant: reactor-grade 
for 19 per cent or greater, fuel-grade for 
between 7 and 19 per cent, weapons-grade 
for less than 7 per cent, and supergrade for 
between 2 and 3 per cent. 

The laser enrichment process has two 
non-military uses. The first is the 
separation of the Pu-238 isotope, which is 
used in space satellites and heart 
pacemakers, as well as for a heat source in 
thermoelectric generators. The second is 
the separation of the Pa-241 isotope which 
decays to Am-21 which is used in smoke 
detectors and for logging wells. According 
to the Department of Energy, the non- 
weapons applications at present require 
less than two per cent of the output of the 
Savannah River plant, which is the current 
source of supergrade plutonium. 

David Dickson 
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Man versus tsetse 


Sir — I must contend with your leading article 
‘Fighting tsetse flies and people’? (Nature 2 
July, p. i). 

In it you state that the eradication of the 
tsetse fly in certain parts of Africa (by such 
organizations as ILRAD) would be a 
revolutionary advancement for its people. 
Cattle would then be able to graze over a 
much larger area of land, so more food would 
result. 

This, in itself, is quite true — for man. But 
the tsetse fly is one of the last remaining 
barriers against mankind’s inevitable 
destruction of the natural habitats for literally 
millions of animals of the continent. Would 
not this ‘‘advancement”’ seal the fate of these 
millions? 

Animals in the wild cannot compete with 
organized grazing. It’s like asking one man to 
stop a moving steamroller by standing in front 
of it — he would be crushed. The question is: 
do we have the right to do this, to crush other 
forms of life? 

As the most powerful animal on this planet, 
man is entrusted with a duty to preserve that 
which cannot defend itself. Although the 
African lion is strong, it can’t stop a 
steamroller. 


ADAM J. Bi 
Jamesville, AM ERNER 


New York, USA 


Author — Anon 


Sır — Drs Gillman and Lichtigfeld (Nature 25 
June, p.608) suggest that the present system of 
assessment of scientific papers is endangered 
by a cabal of corrupt referees, and propose a 
completely open system. Referees may be 
prejudiced and incompetent but they are not a 
secret society. Vigilant editorial control rather 
than public exposure seems the most 
appropriate way to eliminate bad referees. 
Since referees may be influenced by the 

known standing of the author or the author’s 
institute, | propose that the anonymity 
afforded to referees should be extended to 
authors. If papers were submitted with the 
author’s name, address and 
acknowledgements on separate sheets of paper 
and these were retained by the editor when the 
manuscript was forwarded to the referees, 
conscious or unconscious bias would be 
avoided. 

P.M. GAYLARDE 
Royal Free Hospital, 
London NW3, UK 


From the museum 


Sik — We should like to explain a matter that 
puzzled you in your editorial of 2 July (p.1): 
the place of cladistics in the exhibition policy 
of the British Museum (Natural History). 
Exhibitions have a general tendency to 
conceal background controversy! , This should 
not be seen as a conspiracy on the part of 
designers but is, in fact, a phenomenon that is 
apparent in the majority of educational media. 
Every lecturer or textbook writer has to 
decide the extent to which he will emphasize a 
straightforward story at the expense of 
alternative views. The emphasis chosen 
depends on the circumstances; the less 


knowledgeable the audience, the less 
appropriate it is to elaborate the story. 
Knowing how to make this choice is 
particularly difficult in exhibitions since the 
limits of educational attainment are even less 
well understood than in other more generally 
practised media. In public museums there is an 
overriding need ‘to deliver an interesting and 
stimulating message to laymen’’2, 

One of the essentials for good 
communication in a museum is to set objects 
within some kind of context so that specimens 
take their place in a coherent line of thought 
and do not seem to be a series of unrelated 
items. Without such a context, the specimens 
have little meaning and odd facts that are 
gleaned tend to be quickly forgotten; in 
educational terms, the exhibit would be a 
failure. 

In two of our recent exhibitions, Man’s 
place in evolution and Dinosaurs and their 
living relatives, the context for the specimens 
has been that of phylogeny and the fact that 
we chose to present phylogeny in cladistic 
terms has been seen by some critics as an 
attempt to promote cladistics at the expense of 
more traditional views. Recent correspondence 
in Nature and elsewhere emphasizes the fact 
that a heated debate is in progress about the 
relative merits of cladistic and traditional 
approaches to phylogeny and systematics, 
Exhibitions have no part in this debate 
between scientists, but it is clear that 
whichever system is used in an exhibition, one 
faction or another will be provoked into stern 
response. Accepting that one of the competing 
systems had to be chosen, we judged on 
educational grounds that cladistics was the 
most appropriate because of its clear and overt 
reasoning. Once a layman has been introduced 
to the system he is ira better position to 
understand why and how the scientists reach 
their conclusions. No one would pretend that 
the use of a cladistic system makes the study 
of phylogeny easy, but it can make the steps in 
the argument more apparent. 

Some critics feel that the exhibitions should 
have said more about the existence of 
alternative systems and we are making some 
changes to meet that criticism, but the danger 
is that the exhibits in question may become 
displays about phylogenetic systems rather 
than about fossil man, or dinosaurs. A 
separate exhibition about systems of ; 
classification which is scheduled for future 
display may help to give a fuller presentation 
of current views. 

The recent controversy has highlighted how 
difficult it is to maintain a balance in 


exhibitions between directness and fairness to` 


every point of view — exhaustive can be 
exhausting to the visitor. The application of 
educational principles to museum exhibitions 
is a subject that has been sadly neglected in the 
past and the credibility of museums as a means 
of informal education has suffered in 
consequence. We should like to encourage 
serious discussion and research in this field. 
R.S. MILes 
G.C.S. CLARKE 
Department of Public Service, 
British Museum (Natural History), 
London, SW7, UK 


i. Lewis, B.N. Mus. J.80, 154-155 (1980). 
2, Wittlin, A.S. Curator 14, 138-150 (1971). 
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Suiting everyone 
Sir — You object most strongly (Nature 12 
March, p.75) to the phrase “If the theory of 
evolution is true. . .’’. Having myself tried 
more than once to explain the work of a 
scientific institute in everyday language, I have 
some sympathy with the author of the museum 
guide. When all is said and done, scientific 
knowledge is provisional and fallible, as, 
implicitly, you agree. Your objection seems to 
be that this particular form of words gives a 
handle to those opponents of evolutionism 
whose views you regard as not ‘‘respectable’’, 
specifically to creationists. I am not a 
creationist and accept the evidence that 
evolution by natural selection has taken place, 
ultimately producing Man. Nevertheless I 
sometimes find biologists, when writing for a 
popular readership, to be overly dogmatic on 
this point. The creationist movement on this 
continent (which is not simply a revival of 
fundamentalism and obscurantism) is partly 
inspired, I believe, by a healthy reaction to this 
dogmatism, 

To represent our scientific theories as final 
when they are not is in the long run to do our 
own cause a disservice, and is, in any case, 
dishonest. Can any evolutionist provide a 
clinching argument that chance mutations 
acted on by natural selection alone are the 
mechanism of evolution? I think not, and, 
indeed, I myself find it at least as easy to 
believe that there has been a purposive element 
in evolution. Did you really mean to imply 
that it is not “respectable” to believe “that the 
course of events may be determined by literally 
supernatural infuences’’? 

In your last paragraph, you almost seem to 
be proposing a noble myth, the purpose of 
which will be to keep all us scientists working 
happily at our research. If we recognize too 
clearly the logical status of our theories, you 
argue, the scientific enterprise will be 
undermined. But Popper’s ideas, as you 
admit, have been around since 1934, and many 
branches of science have been uncommonly 
vigorous since then. Your argument has 
something in common with the old discredited 
argument that Christianity is socially 
beneficial and should be taught to the young 
whether it is true or false. It is this kind of 
argument that plays into the hands of 
creationists, by making more plausible their 
claim that evolutionism is not a scientific 
theory, but a kind of religion. 

The most helpful ideas in this situation, ! 
find, are not Popper’s, nor dogmatism, but 
Kuhn’s. Almost all of modern biology is 
‘normal science’ within the paradigm of 
Darwinism—Mendelism. Always there are 
some facts that do not fit a paradigm, and one 
day they may become so bothersome we will 
have to change it. In the meantime, it provides 
a frame of reference in which we work and by 
which we make sense of a wide range of data 
and experience. Darwinism~Mendelism is the 
best paradigm: we have (in its field) and, as 
Darwin said, gives grandeur to our view of 
life, but it should not fight its critics by 
claiming, like them, to be based on divine 
revelation. 


A.H, BATTEN 


National Research Council of Canada, 
Victoria, British Columbia, Canada 
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Too tolerant 


Six — I agree with you (Nature 28 May, 
p.271) that tolerance of religious 
fundamentalism in the Natural History 
Museum has gone too far. But you 
underestimate the menace to science, and to 
the propagation of rational thinking by 
education, presented by this tolerance. | see 
two problems — first the conflict between 
science, in the broadest sense of the word, and 
mythology. ‘The second is the egalitarian and 
anti-elitist attitude prevailing among many 
educated people which has brought about the 
woolly-minded tolerance you describe. 

Homo sapiens indulges in two main kinds of 
thinking about-his.world which must go back 
to the very emergence of the first intelligent, 
tool-making primates. The appearance of the 
first stone.tools, adapted for specific uses, 
implies the existence of empirical thinking 
involving designing an implement for future 
use, testing it practically and modifying it in 
the light of experience. From this 
technological thinking, based on trial and 
error, must.ultimately have developed 
scientific thinking, based on observation, 
hypothesis, prediction, experimental test and 
modification... 

On the other hand myth-making must have 
emerged at an equally early time to allow 
primitive men and women to explain the vast 
range of often frightening phenomena outside 
their understanding. 

We might also describe this duality of 
thought processes'in terms of deductive and 
inductive thinking. In the former the grand, 
explanatory ideas come first (usually being 
taught as dogma) and are then used to 
interpret everyday natural and social 
phenomena. In the latter the explanatory 
general hypotheses are developed specifically 
to explain a body of facts or phenomena. | am 
now using the'term ‘‘myth’’ to describe all 
preconceived ideas or beliefs reached 
deductively (before examining the evidence 
properly) and ‘‘science’’ to describe the 
opposing, inductive method of explaining 
things (which also involves testing the 
hypotheses devised). 

The conflict between these two modes of 
thought seems to be as basic now as it was in 
Darwin’s time and to have extended into many 
more fields. Myths are believed in for a variety 
of reasons, both reputable and otherwise, but 
it seems reasonable to suppose that they reflect 
psychological or emotional needs. Their great 
variation suggests this, the zeal with which 
they are believed being the only common 
factor. The dedicated communist, Christian, 
Buddhist, believer in flying saucers or ina 
tribal god each believes his creed deductively 
(usually having been taught it a priori) and 
each is equally convinced of its truth, and of 
the folly or evil of those who disagree. The 
only common factor seems to be a strong, often 
overwhelming, perhaps unconscious desire to 
believe in some set of ideas which explain 
phenomena one is interested in or worried 
about. This is the exact opposite of the 
scientific method. 

It is essential to realise that what is being 
described here is a mental attitude and not 
categories of rational and irrational subjects to 
think about. Of course it is possible to be a 
communist or a Christian on inductive, 
rational grounds if one has studied as much of 
the evidence as possible, considered alternative 
explanations for it and found them less 
convincing. Likewise it is unfortunately true 





that a scientist.can elevate the status of his 
favourite theory in his own mind to that of a 
myth — and believe it implicitly, emotionally 
and against all opposition. It is the mental 
attitude, not the subject matter, which 
produces both myth and science. 

It follows that there can be no place for 
myths either in science or in any proper 
education programme that tries to avoid 
indoctrination. “Creation science” is a myth 
which depends on a dogmatic and deductive 
faith in the existence of a God who has 
intervened frequently on Earth to make new 
living things out of nothing and, this being so, 
the Natural History Museum may be said to 
have betrayed both its scientific status and its 
educational role by implying that this myth is 
somehow on the same intellectual plane as the 
theory of evolution. 

Where will this process end? Another 
interesting if minor example of a new myth 
about human origins appeared in The Suriday 
Standard of 31 May. A female body builder, 
when explaining why she pursued this hobby, 
is reported as saying ‘‘We were never meant 
to be the weaker sex, and being seen as such is 
a fairly recent evolutionary development. 
Originally it was women who went out hunting 
to find food; they were the strength of the 
family.” This relatively harmless myth, 
though it bears no relation to the facts of 
archaeology and anthropology, may be 
assumed to serve a useful purpose to the lady 
concerned by giving her the comfort of an 
ideological justification for what most people 
probably regard as a bizarre hobby. But to the 
Natural History Museum it must surely now 
be a valid alternative hypothesis, or even a 
theory, about the early development of man 
and society. Perhaps the Public Services 
Department will consider adding a new panel 
on ‘‘Ms Cheshire’s hypothesis” to its display 
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on human evolution? Or is it the popularity of 
a myth which qualifies it for serious attention 
in Cromwell Road now? If so then a panel 
describing Von Daniken’s ideas about the 
bringing of civilization to Earth by spacemen 
in prehistoric times is surely required. 

My explanation for this excessive tolerance, 
which is an irresponsible failure to distinguish 
between scientific thinking and irrational 
myth-making, is that it is an effect of modern 
egalitarian thinking. This is quite widespread 
among some university staff, extending to 
advocating equal tolerance for the ‘‘views’’ of 
all people, no matter bow well or ill-qualified 
in the subject concerned. I have actually heard 
it argued in faculty meetings in this university 
that it is no longer necessary to have 
professors as more than administrative 
departmental heads, to have them leading and- 
guiding their staff in research and academic 
standards by their example; everyone, it 
seems, should now be ‘capable of standing 
on his own feet’, Is this phenomenon r 
sometimes due to a real fear of being thought 
elitist, “better” than ene’s fellows, and toa 
failure to realise that better trained or 
informed is not the same thing as absolutely 
better? 

It cannot be a coincidence that no 
equivalents of the “creation science’ myth 
appear in disciplines like engineering or 
navigation where equal tolerance for them 
would produce catastrophe. The tolerance of 
myths about human origins by the staff of the 
Natural History Museum will not cause their 
building to fall down about their ears but it 
has certainly undermined the institution’s 
reputation as an authoritative laymen’s guide 
to the world of science. 

E,W, Mackie 
Hunterian Museum, 
The University of Glasgow, UK 


Halstead’s defence against irrelevancy 


Sır — In his Presidential Address to the 
British Association in 1977, Sir Andrew 
Huxley ‘‘wondered what topic could, in the 
second half of the twentieth century, generate 
emotions as strong as those which arose over 
evolution in the early 1860s’’. If the recent 
correspondence in the columns of Nature is 
anything to go by then it undoubtedly remains 
this selfsame topic. 

Previously I drew attention to what was 
taking place at the British Museum (Natural 
History) which occasioned serious disquiet in 
the scientific community. I suggested a 
possible explanation, but whether this is 
rejected or accepted does not affect the 
substantive issues I raised. So far, no serious 
attempt has been made by anyone in authority 
to respond to the accusations that have been 
levelled. 

The present debate began in 1978, when the 
trend of the new policies of the museum’s 
Public Services Department and the proposed 
presentation of dinosaurs merely to illustrate 
cladistics were discussed at a symposium at 
Reading (see refs 1,2). In 1979 the exhibit 
‘Dinosaurs and their living relatives’? opened 
and the accompanying booklet spelt out 
clearly exactly what cladistics involved. The 
crude didactic method of its presentation 


‘contrasted dramatically with the popular but 


nonetheless scholarly approach of the 

museum ’s book ‘tA New Look at Dinosaurs” 

by Alan Charig, published at the same time?. 
Then in 1980 came the exhibit ‘‘Man’s place 


in evolution’’, again with its accompanying 
booklet in which it was again emphasized that 
we can never know how species arose in the 
past and that we assume that new species arise 
only by splitting from previous species. But 
the booklet includes the most amazing 
assertion of all, that no fossil species can be 
considered the direct ancestor of any other. I 
referred? to the place ef Homo erectus and 
the Petrolona skull which sits on the 
morphological boundary between Homo 
erectus and archaic Hemo sapiens. The review 
article on fossil man by Cronin et al.* and also 
recent work on planktonic organisms by 
Prothero and Lazarus® have dealt with this 
matter effectively. The museum has now, in 
1981, removed the labels which previously 
stated categorically that the Homo erectus 
people were not our direct ancestors. 

It is a fact that the dinosaurs are used to 
illustrate the principles of cladistics and not 
their natural history. Similarly, the evolution 
of man is being used as a vehicle for cladistics, 
even though this has involved crudely 
distorting the evidence. It is worth recalling 
the words that Andrew Huxley used in his 
Presidential Address te the British Association 
in 1977: 

“Scientists whose findings contradict 
fashionable social theories are accused of 
distorting their results through political prejudice 
and it is suggested that on sensitive topics we 
should base our beliefs not on what is actually 
found to be the case, but on the supposed con- 
sequences of holding particular beliefs —-ineffect 
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that we ought to replace science by wishful 
thinking. I regard any such attempt to deflect 
scientific conclusions for political or social 
motives, however well-meaning, as a betrayal of 
science," 
The situation at the British Museum (Natural 
History) is suspiciously comparable to that 
against which Huxley’s criticisms were 
directed. 

It was, however, something even more 
astonishing than all this that stung me, a 
palaeontologist and evolutionist, into 
activity’. This was the assurance given in 
writing in 1978 by the Head of the Public 
Services Department to the creationists® that 
the museum in its new exhibition on evolution 
(to be opened in 1981) would make it quite 
clear that the theory of evolution was not a 
scientific theory. It transpired that this attitude 
stemmed from the writings of Sir Karl Popper. 
The museum was now concerned with 
“concepts of science” as adumbrated by 
Popper, and the articles of Platnick and 
Gaffney? and even more recently Tassy!° 
emphasized the scientific (in the sense of 
Popper) nature of cladistics. In marked 
contrast, palaeontology, the historical side of 
evolution, was dismissed because it comprised 
unique events which were by definition 
unrepeatable and so not subject to test and 
hence not part of science. This is the view of 
Patterson?! which he claimed comes from 
Popper. 

The notion that the process of evolution by 
natural selection is non-science was based on 
the idea that ‘‘survival of the fittest”’ is a 
tautology and hence unfalsifiable. On this 
point Popper !? wrote: 

“The fact that the theory of natural selection is 
difficult to test has led some people, anti- 
Darwinists, to claim that it is a tautology... . 
Since the explanatory power of a tautology is 
obviously zero, something must be wrong 
here... 

“I mention this problem because I too belong 
among the culprits... . have changed my mind 
about the testability and the logical status of the 
theory of natural selection; and I am glad to have 
an opportunity to make a recantation.” 

Ruse!3 and Flew !4 have also dealt with this. 
(The museum, although initially keeping faith 
with the creationists, has since withdrawn the 
film loop concerned, following the adverse 
review of the exhibition by Barry Cox!5 (see 
also Miles!®), 

Popper", following my attack’ on the ideas 
being peddled in his name, has emphatically 
dissociated himself from his self-proclaimed 
disciples in the following terms: 

‘It does appear that some people think that I 

denied scientific character to the historical 

sciences, such as palaeontology, or the history of 

the evolution of life on Earth. This is a mistake, 

and | here wish to affirm that these and other 
historical sciences have in my opinion scientific 
character; their hypotheses can in many cases be 
tested. It appears as if some people would think 
that the historical sciences are untestable because 
they describe unique events. However, the 
description of unique events can very often be 
tested by deriving from them testable predictions 

or retrodictions.”* 

With the philosophical aspect in better 
perspective, it became possible to consider 
what might lie behind the attitudes to 
evolution and palaeontology being unveiled by 
the museum’s Public Services Department. My 
suggestions on this stimulated a certain degree 
of controversy. 

Sir Andrew Huxley in his opening of the 
museum’s new exhibit ‘‘Origin of Species” 
stated that he had ‘‘been quite unable to 
comprehend the suggestion that cladism is 
















confusing array of derived traits.) 
London, UK 


somehow antagonistic to evolution, or that 
cladism is linked to the theory that evolution 
progresses by fits and starts, or that cladism is 
more Marxist than other styles of 
classification”. 

That Hennigian or classical cladistics is 
antagonistic to the gradualist type of evolution 
is surely evidenced by Rosen, Nelson and 
Patterson !8: 

“Hennig established a criterion of demarcation 

between sciences and metaphysics at a time when 

neo-Darwinism had attained a sort of 
metaphysical pinnacle by imposing a burden of 
subjectivity and tautology on nature’s observable 
hierarchy. Encumbered with vague and slippery 
ideas about adaptation, fitness, biological species 
and natural selection, neo-Darwinism (summed 
up in the ‘‘evolutionary’”’ systematics of Mayr 
and Simpson) not only lacked a definable 
investigatory method, but came to depend, both 
for evolutionary interpretation and 
classification, on consensus or authority.” 

This sounds antagonistic to me. 

The latest brand of cladism, the 
transformed variety, has undoubtedly slid into 
what seems to me to be an overtly anti-evolu- 
tionist stand. Patterson!? writes: 


“Hennig’s 1966 book, as the title Phylogenetic 
Systematics suggests, was based in evolutionary 
theory. But as the theory of cladistics has 
developed, it has been realised that more and 
more of the evolutionary framework is inessential 
and may be dropped. Platnick (1980) refers to the 
new theory as ‘transformed cladistics’ and the 
transformation is away from dependence on 
evolutionary theory. In my view, the most 
important outcome of cladistics is that a simple, 
even naive method of discovering the group of 
systematics —- what used to be called, the natural 
system — has led some of us to realise that much 
of today’s explanation of nature, in terms of neo- 
Darwinism, or the synthetic theory, may be 
empty rhetoric. Eldredge and Cracraft (1980) 
provide a detailed criticism of the transfor- 
mational approach in biology, and the ensuing 
interest in storytelling about adaptive change.” 


The link between cladistics and the theory that 
evolution progresses by fits and starts 
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How to classify the cladists 


Sır — May I propose a cladogram of cladists? 
Simpson Cox Halstead? Hennig Greenwood Forey Gardiner Patterson Nelson 


The cladogram is, of course, based only on derived characters appearing late in 
ontogeny; it makes no claims as to ancestry. (Apologies to Halstead, but he does display a 
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(punctuated equilibria) is emphasized in 
particular by Cracraft®° and is certainly the 
type of association that a normal reader would 
obtain from reading Eldredge and Cracraft’s 
Phylogenetic Patterns and the Evolutionary 
Process”. 

The concept of punctuated equilibria is 
undoubtedly linked to Marxism, according to 
Gould??, who claims to be a Marxist. Gould?? 
sees ‘‘notions of gradualism arising largely out 
of a pervasive political bias [and] . . . the 
replacing of gradualism with the flip-like style 
of change which has been appreciated within 
Marxist philosophy for a long time.” 

The current drive against the concept of 
gradualism is motivated primarily by Marxists 
— this does not mean that there are not plenty 
of non-Marxists who agree nor does it mean 
that the views may not turn out to be true. 
What is objectionable is the distortion of 
scientific data for ideological purposes. 

Finally, I am not opposed to either a 
cladistic or a Marxist approach being 
presented. My objection is to the attempt to 
impose highly controversial concepts on to the 
general public not by argument or discussion 
but simply by unsubstantiated assertion. 
Whalley and Gibbon?’ have pointed out that 
the current policies being pursued by the 
museum are diametrically opposed to the 1972 
paper to the trustees, on which they are 
supposedly based, where it was emphasized 
that the new exhibition scheme ‘‘should point 
out areas of doubt and speculation’’. 

Whatever view is taken of my linking 
hypothesis, this does not in any way affect the 
factual account of what has been happening in 
the museum. It is to be hoped that the minor 
changes made in the past few weeks herald a 
new awareness by the trustees of their 
responsibility towards maintaining integrity in 
the natural sciences. 

L. Beverty HALSTEAD 


University of Reading, UK 
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NEWS AND VIEWS 








THE international symposium on recent 
advances in thalassaemia, held in Sardinia 
from June 7th to 1ith, was divided quite 
sharply into two parts. Several molecular 
biologists presented the latest data on the 
gene defects causing the various types of 
thalassaemia found throughout the world, 
following which doctors from the countries 
where the disease is common exchanged 
experiences on the use of this knowledge in 
programmes for population screening and 
antenatal diagnosis. The meeting was the 
first in three years to involve most of the 
molecular biologists and all of the leading 
figures involved in control of haemo- 
globinopathies, and allowed some inter- 
esting conclusions to be drawn. 

Since the first demonstration that most 
cases of a-thalassaemia (with depressed 
a-globin synthesis) are due to gene 
deletion, the exact gene defects in each of 
the haemoglobinopathies have been 
analysed one after another. As the thalas- 
saemias, and in particular f-thalassaemia 
(in which the synthesis of the B-globin chain 
synthesis is impaired), protect carriers 
against malaria, it is not surprising that 
many independent mutations have spread 
in populations in malarial areas. One 
interesting possibility put forward by 
Herman Lehmann (University of 
Cambridge) is that a-thalassaemia might 
not really protect against malaria at all, but 
rather mitigates the effects of 
-thalassaemia (or sickle cell disease) and 
so is often found in association with it. 

Genetic engineering techniques have 
now allowed a complete understanding of 
the causes of the major forms of 
f-thalassaemia in Italy, Greece and 
Cyprus. In #°-thalassaemia, A. Bank 
(Columbia University) showed that a point 
mutation has occurred in many patients at 
the 5’ intron-exon junction of the large 
intron so that splicing of the nuclear RNA 
transcript cannot take place at all. Patients 
homozygous for this point mutation 
cannot make messenger RNA, and there- 
fore make no f-globin. Fortunately, the 
splice junction is also a restriction site for 
the enzyme Hphl, and therefore a direct 
gene analysis (of the patients, or ante- 
natally) should be relatively simple. 
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In the case of 8 * -thalassaemia, the form 
most common in Cyprus (and therefore in 
London), B. Forget (Yale University) 
reported results from his laboratory and 
from that of R. Williamson (St Mary’s, 
London) which show that the mutation is 
within the small intron and creates a new 
splice site which can act as a preferred 
alternative to the correct one. This explains 
why patients are still able to make a small 
amount of f-globin. Yet another type of 
mutation, causing premature termination 
of the f-globin protein chain, has been 
identified by Y.W. Kan (University of 
California, San Francisco). It is now clear 
that the majority of B-thalassaemia cases, 
as well as those of a-thalassaemia, are a 
result of either a single point mutation or a 
gene deletion of one of the globin struc- 
tural genes. Therefore, hopes that control 
mutations would be common among the 
thalassaemias do not appear to be fulfilled. 
Even cases of ‘hereditary persistance of 
fetal haemoglobin’, reported by D. 
Weatherall (University of Oxford) and S. 
Ottolenghi (University of Milan), show 
linkage to the #-globin gene, and therefore 
are probably caused by a similar type of 
mutation. 

The one new application of molecular 
biology to antenatal diagnosis was 
reported by Y.W. Kan (and originated 
from John Wilson, University of Georgia). 
He noted that the point mutation causing 
sickle cell disease, in the codon specifying 
amino acid 6 of the #-globin chain, 
eliminates a restriction enzyme site for 
Ddel. Wilson has used this in a direct 
analysis of DNA from patients and from 
the amniotic fluid of a fetus at risk. 
Previous DNA antenatal diagnoses have 
depended upon linkage between a restric- 
tion site polymorphism and the gene 
defect, and therefore have required a 
family study (Kan and Dozy Proc. natn. 
Acad. Sci. U.S.A. 75; 5631, 1978; Little et 
al, Nature 285; 114, 1980). If the defect 
itself can be examined directly at the 
nucleotide level, it simplifies matters 
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Thalassaemia: 
from theory to practice 


from Bob Williamson 


enormously for the specialist in molecular 
medicine, as both the theoretical problems 
of gene cross-over and the practical dif- 
ficulties involved in family studies and the 
establishment of paternity all vanish. 

Perhaps the most interesting view of the 
meeting concerned the attempts of 
clinicians in Italy and Greece to implement 
community programmes to control the 
disease. Pride of place must surely go to A. 
Cao (University of Cagliari), the organiser 
of the meeting, whose efforts in southern 
Sardinia have cut the incidence of thalas- 
saemia from 1 in 250 live births to 1 in 800. 
This dramatic threefold reduction is not 
due exclusively to prenatal diagnosis, but it 
was very illuminating to learn that even in 
Sardinia, as a result of intensive popular 
education programmes, termination of 
pregnancy where prenatal diagnosis shows 
the fetus to be affected by this very severe 
disease is accepted in 95 per cent of cases. 
This surely indicates that community 
attitudes to very serious diseases are 
changing even where one might think that 
religious attitudes would prevent a 
successful programme. 

D. Loukopoulos (University of Athens) 
is attempting a similar programme in 
Greece, but the fact that the country (and 
the problem) is so much bigger, and the 
absence of a unified health service and 
education programme, have meant that his 
programme has had less impact, However, 
he is now carrying out over 500 antenatal 
diagnoses a year, and in some regions in 
Greece the incidence of the disease is 
falling. He commented that the fact that 
affected children are now recieving blood 
transfusions (up to 20 a year) and very 
expensive support therapy to remove the 
iron from their bodies means that there is 
enormous financial and clinical burden on 
Greek paediatric departments which did 
not exist when most children died in the 
first two years of life. Therefore, the very 
fact that clinical care has improved 
(although still quite stressful for the 
patients) has created a dramatic need for 
better antenatal diagnosis. 

B. Modell (University College Hospital, 
London) then reported upon the reaction 
from the Cypriot community in London to 
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the availability of antenatal diagnosis. 
There has not been a single case of 
f-thalassaemia within the Cypriot 
community during the past two years, as a 
result of intensive community education 
programmes and the awareness of both the 
community itself and those general 
practitioners in North London who serve 
it. 

Parents who were at risk of having an 
affected child had virtually stopped 
reproducing before antenatal diagnosis, 
but now are having a normal number of 
children, as it can be guaranteed that all of 
these will be healthy. In this way, it has 
been shown that far from resulting in a 
decrease in the number of normal children 


being born, antenatal diagnosis with 
abortion of affected pregnancies has 
resulted in a large increase in normal 
children, which is what both the families at 
risk and the community wish. 

However, antenatal diagnosis (whether 
using fetal blood or DNA) can only deal 
with the situation in advanced countries at 
the moment, and even in Britain, Italy and 
Greece there are still seriously ill children 
with thalassaemia. Bone marrow trans- 
plantation for blood diseases such as the 
leukaemias is now an established, if risky, 
clinical practice in several centres, and D. 
Thomas (University of Seattle) discussed 
whether this procedure might also work for 
thalassaemia. The best results in bone 


Minor body mass determination 


from David W. Hughes 


SPACECRAFT missions to both asteroids 
and comets have been much in the news 
recently. One of the aims of these investi- 
gations will be the accurate determination 
of the masses of minor bodies in the Solar 
System. 

From theoretical considerations, the 
mass of a typical short-period comet has 
been estimated to be about 10'%g. It seems 
that the direct determination of a comet’s 
mass by observing the perturbation that it 
induces in the orbit of another celestial 
body is quite out of the question. One of 
the closest approaches to Earth of any 
recorded comet was that of periodic comet 
Lexell, which on 1 July 17970 came to within 
2.25 x 10 km, about six times further 
away than the Moon. Laplace recorded in 
his Traité De Mécanique Céleste (Paris, 
1805) that this close encounter had no 
measurable effect on the length of the 
sidereal year and thus the mass of this 
comet must be less than 2 x 104 the mass 
of the Earth (which is 6 x 10°’ g). 

Asteroids are generally bigger than 
comets and therefore the problem is 
slightly easier. A great many positional 
observations are available over a long time 
period for the largest two, Ceres and 
Pallas, beginning with the years of 
discovery, 1801 and 1802. These obser- 
vations provide information about the 
accumulated gravitational effects which 
each of the two bodies have produced in the 
orbital motions of the other. The total 
effects are small. Schubart (Astr. 
Astrophys. 30; 289, 1974) integrated the 
data for 1802-1970 and found the mass of 
Ceres to be (1.17 + 0.06) x 10g. Pallas was 
smaller — (2.6 + 0.8) x 10g — and so the 
error in its mass determination was 
relatively larger. 

Amore recent determination of the mass 
of a minor body has been attempted by 
analysing the radio-tracking data of a 
spacecraft as it flies close to the body. The 


Viking Orbiter 1 made several flybies to 
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within 80~300 km of the Mars satellite 
Phobos. Radiometric tracking from Earth 
measured the spacecraft ~ Earth distance 
and the geocentric velocity of the space- 
craft. The latter was achieved by recording 
the Doppler shift in the S and X band fre- 
quencies transmitted by the spacecraft. 
Analysis of the gravitational perturbations 
induced in the orbit of the spacecraft led to 
a mass determination of (9.9 + 0.6) x 10'8g 
for Phobos — an object which is about 21.5 
km across. 

The problem of measuring the mass of a 
comet by using the tracking data of an in 
situ spacecraft has been analysed by D.K. 
Yeomans, M. Ananda, W.L. Sjogren and 
L.J. Wood of the Jet Propulsion 
Laboratory, Pasadena (see J. astronaut. 
Sci. 29; 19, 1981). In a representative 
experiment, the authors decide to 
determine the mass of the short-period 
comet Tempel 2 during a rendezvous 
mission. A solar electron propulsion 
system (SEPS) has been used to transfer the 
spacecraft to the comet and the data are 
collected near perihelion when the comet 
becomes active. A single slow flyby on the 
sunward side of the cometary nucleus is 
assumed. 

The main: relative spacecraft-comet 
acceleration is due to the gravitational 
attraction between the two bodies. There 
are, however, four additional accelerations 
to be considered. Comets near perihelion 
give off a lot of gas and dust, at a rate that 
varies with heliocentric distance and is 
probably uneven, the material coming 
from a series of relatively short-lived active 
regions on the spinning cometary nucleus. 
The magnitude of the acceleration effect 
can thus vary stochastically about some 
mean value. It also depends on the orien- 
tation of the solar array panels, obviously 


pane TCA, 


David W. Hughes is in the Department of 
Physics, University of Sheffield. 


marrow transplantation are achieved with 
HLA-compatible brothers or sisters, and 
these certainly exist in thalassaemic 
families. However, transplantation should 
be carried out early, when the child is well, 
and not when the tissues have already been 
damaged by high levels of transfusion and 
the iron deposits this leads to. The question 
facing clinicians in the immediate future is 
whether to risk the life of a relatively well 
child with thalassaemia by giving a marrow 
transplant, knowing that if it works (a 75 
per cent chance) the child will be healthy 
permanently — or to hope for other, less 
heroic treatment to be developed, knowing 
that if you guess wrong, the child may die in 
late teens ofa very unpleasant disease. C 


being larger when these are face-on to the 
flux as opposed to being ‘feathered’. Solar 
radiation pressure also influences the 
spacecraft and again the effect depends on 
the area of the spacecraft presented to the 
radiation flux. Radiation pressure is 
generally larger than the gas and dust drag 
but is more easily accounted for as it can be 
considered constant over short time 
periods. There is also a tidal acceleration 
due to the unequal distance between the 


. spacecraft, the comet and the Sun. Finally, 


spurious accelerations would be present, 
generated by the spacecraft due to the in- 
complete shut down of SEPS engines, 
altitude and articulation control subsystem 
gas jets. The operation of tape recorders 
and resonant vibrations of large solar 
panels also cause problems. 

Two primary measurements are taken. 
Doppler tracking using the Deep Space 
Network of tracking stations enables the 
velocity to be found to an accuracy of 0.1 
em s?! over a count time of 1 min. 
Spacecraft-comet ranging using, for 
example, X band (10 GHz), a pulse length 
of 2 us and a pulse repetition frequency of 
250 Hz can give an accuracy of 20 - 30m 
when the spacecraft is within 1,000 km of 
the cometary nucleus. 

Yeomans and colleagues find that the 
Doppler tracking data are more useful than 
the spacecraft-comet ranging data when it 
comes to determining the mass of the 
comet. Accuracy is improved by having 
both. The sensitivity of the mass deter- 
mination to the stochastic nature of the gas 
and dust emission indicates that an 
accurate on-board accelerometer would 
also improve the accuracy. , 

Returning to Tempel 2, if the rendezvous 
spacecraft flies by the comet at a minimum 
distance of 100 km at a velocity of 2m s! 
and data are collected for about 8 days 
from both a Doppler and a ranging system, 
a conservative estimate is that the mass can 
be measured to just better than 15%. oO 
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Leeuwenhoek’s specimens discovered 
after 307 years 


from Brian J. Ford 


AFTER not being seen since 1674, original 
specimens sent by the “father of the 
microscope’, Antony van Leeuwenhoek, 
have been found to be still in existence, A 
systematic search through the four large 
files of his letters sent to the Royal Society, 
revealed nine little envelopes containing 
original material and fixed to the final 
pages of three of the letters. Only minute 
traces of one of the specimens (‘‘t Witte van 
een schrijff-penne’’ ~- white from a 
writing-pen [quill]}) remained, but the 
remainder were intact. The sectioned 
material was compressed into compact 
masses, but otherwise the specimens were 
in excellent condition. 

Antony van Leeuwenhoek (1632-1723) 
lived and worked in Delft where he 
produced his own single-lens microscopes. 
His status as the founder of microscopy 
derives from decades of dedicated and 
accurate observation, faithfully recorded 
in lengthy letters most of which were sent to 
London, His observations of spermatozoa, 
bacteria and a host of histological 
specimens were without precedent. Many 
workers have since commented on the 
‘crudity’ of his techniques, emphasizing 
that his material was examined whole, or 
‘torn apart’, and it has become generally 
accepted that section-cutting did not begin 
until the middle years of the nineteenth 
century. 

The discovery of his specimens reveals 
two examples of plant material cut as fine 
sections. They are ‘‘Pit van vlier” — elder 
pith, and *‘Kurk’’ — cork. The conclusions 
that can be drawn from these specimens 
about seventeenth-century microtechnique 
are many (a fuller account by the author 
appears in the current Notes and Records 
of the Royal Society) but the central Right, the stereoscan microscope reveals 
finding is that van Leeuwenhoek, working the regular, fine cut of the sections of cork, 
at the dawn of microscopy, could prepare Though the hand-cutting technique seems 


by hand sections that would be acceptable primitive, the results are good enough for, 
i e present-day microscopy. Below right, the 


for laboratory use today. Bes sections of cork shown reveal the room- 
Brian J. Ford is in the Science Unit, Cardiff. like appearance from which the term ‘cell’ 
was derived in 1663. 











“‘Stuckjens vande gesicht senuwe van een koebeest over dwars afgesneden’ —~ pieces of optic 
nerve of a cow cut in transverse section. The specimens were attached to a letter dated | June 
1674, and signed by van Leeuwenhoek, as shown below, 

















Left, high-magnification examination of the cell walls reveals occasional fungus spores. 
Thread-like hyphae occur from time to time in the sections, but have caused no structural 
change over 307 years. Right, specimens of papery material which van Leeuwenhoek claims 
arose from water are attached to a letter dated 17 October 1687. Algal cells and diatom chains 
revealed in this scanning electron micrograph confirm his finding. 
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Mixed-species foraging groups 


Jrom Jared M. Diamond 


A bird-watcher is walking through a 
tropical rainforest, dejected at having seen 
and heard almost no birds for the last hour. 
Then a faint sound becomes audible afar, 
gradually grows louder and approaches. 
Soon the forest comes alive with dozens of 
bird species busily foraging together and 
calling simultaneously. The feverish 
excitement lasts for a few minutes, dies 
down as the flock moves on, and the forest 
is again silent and seemingly devoid of 
birds. A mixed-species foraging party has 
passed. 

Analogous scenes repeat themselves 
daily on all the continents and in all the 
oceans, in the treetops, on the ground and 
underwater. The most familiar mixed 
foraging parties involve birds; the most 
spectacular ones, African open-country 
grazing mammals. Further examples are 
being discovered among fish, cetaceans 
and primates, and in at least six cases birds 
and primates have been found regularly 
associated with each other. The growing 
literature on mixed foraging parties 
(flocks, herds, or schools) has focused on 
four main questions. Are flocks chance 
aggregations or always composed of the 
same individuals? Who leads, and who 
follows? Why do different species 
associate? Why do the species sometimes 
resemble each other in appearance and call 
far more closely than one would expect 
from their taxonomic relationship? 

Recent papers on mixed bird flocks of 
the neotropics'~* have revealed how 
unexpectedly initimately the lives of flock 
members belonging to different bird 
species are intertwined. These authors 
introduced to the study of mixed flocks 
techniques for recognizing individual birds 
by capturing, colour-banding and releasing 
them. Using these methods they found that 
the core of a flock consists of individuals of 
different species that forage together daily 
for many years, probably for their whole 
adult lives. Up to a dozen core species are 
each represented by one pair or family, 
whose territorial boundaries coincide 
among the core species and which may 
roost at night in the same tree. Even 
territorial confrontations are shared: when 
one flock happens to meet the 
neighbouring flock at the territory 
boundary, the Bluish-slate Antshrikes, 
Dusky-throated Antshrikes, Dot-winged 
Antwrens and White-flanked Antwrens of 
one flock simultaneously. display and call 
to their conspecifics in the other flock. 
Individuals of additional flock species with 
smaller territories than the core members 
join the flock only when it enters their 
territory. Species with larger territories 
than the core members forage first with one 
flock, then with a neighbouring one a few 
hours later. Some species switch between 
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two distinct types of flock that occur in the 
same area: a slowly moving flock in the 
understory basically consisting of 
insectivorous antbirds, and a rapidly 
moving flock in the canopy of omnivorous 
tanagers and honeycreepers. 

Are some species leaders and others 
followers? Usually there is a leader species 
(the ‘nuclear species’), which is 
conspicuous in its plumage, frequent 
vocalizations and nervous behaviour such 
as wing- or tail-flicking, and which forages 
in groups of several individuals’. Nuclear 
species of bird flocks are often tits in 
Europe, North America and west Africa, 
babblers in tropical Asia, thornbills and 
fairy-wrens in Australia, gerygone 
warblers in New Guinea, and antbirds and 
tanagers in the neotropics (see, for 
example, ref. 6). Other species follow the 
conspicuous noisy whirlwind of the nuclear 
species group. In most bird~mammal 
associations, the mammal is the leader, the 
bird the follower, but tamaring monkeys of 
the neotropics are thought to follow 
tyrannid flycatchers. 

Flocking seems to serve several pur- 
poses simultaneously, and different motives 
may predominate in different cases. Some 
of the leading theories are the convoy 
theory, gang theory, beater theory, pirate 
theory and feeding efficiency theory. 

Convoy theory. Flocks may be an anti- 
predator device, like the World War ship 
convoys that were so effective against 
U-boats’®. The more individuals in a flock, 
the more eyes and ears there are to detect a 
predator, the lower is the chance of a given 
individual being the victim of an attack, the 
harder it is for the predator to focus on any 
target amidst all the activity and the better 
is the flock able to mob or ward off the 
predator. Observations that support the 
convoy theory include that lone birds peer 
about more, and spend less time feeding, 
than birds in a flock?. On African plains, 
near-sighted zebras with acute hearing 
associate with far-sighted species such as 
ostriches, wildebeest and giraffes, so that 
each complements the other’s detector 
capabilities. Near-sighted gleaning birds 
tolerate the proximity of far-sighted salliers 
that occasionally rob them of food 
(antwrens tolerating antshrikes in the 
neotropics, tits tolerating drongos in 
Africa): the improved predator detection is 
worth the lost food. 

Gang theory. Flocking may permit flock 
members access to resources within a 
territury whose owner would be able to 
expel the members if they were solitary. 
Thus a flock is like a gang of marauders 
overwhelming a victim by their numbers. 
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For example, on Caribbean reefs the 
Three-spot Damselfish can inhibit single 
Stripe Parrotfish from feeding in its 
territory, but not parrotfish schools!®. 
Similar cases are reported for Australian 
honeyeaters, Australian corvids and North 
American mockingbirds!!-!2, 

Beater theory. Tiger hunters follow:a 
line of beaters who create a disturbance and 
flush out tigers. Similarly, some flock 
members, in the course of their own 
foraging, flush prey that a different species 
can capture. For example, gleaning and 
bark-feeding birds disturb resting insects 
into flight, where a sallying bird may catch 
them. Drongos, which are sallying 
insectivores, are notorious for following 
large or active animals so that they can 
catch insects disturbed by these beaters. 
Beaters used by drongos include elephants, 
giraffes, buffalo, ostrich, baboons and 
occasionally humans in Africa; monkeys in 
Borneo and Celebes; and babblers in New 
Guinea. In the neotropics, monkeys are 
used as beaters by the hawk Harpagus 
bidentatus. Africa’s Ground Hornbills 
follow baboons that are turning over logs. 
African arboreal monkeys that eat fruit 
husks are joined by squirrels that eat the 
fruit kernels, ungulates that eat the fruit 
falling to the ground and hornbills catching 
insects flushed out by the monkeys. 

Pirate theory. From using other species 
as beaters to flush out food that the beaters 
could not take, it is a small step to the role 
of pirate: seizing food that another flock 
member has caught. Drongos practice 
occasional piracy on other birds in New 
Guinea and African flocks!3; antshrikes 
victimize antwrens in neotropical flocks. 
Why does the victim tolerate the pirate? 
Probably because the pirate is a noisy, far- 
sighted sallier that detects and warns of 
predators, 

Feeding efficiency theory. Species that 
flock together have similar diets, although 
they differ in foraging technique, height 
and substrate? !4!5, At first it seems in 
defiance of competition theory that species 
with similar diets should flock, and that 
flocking should vary inversely with food 
density'®!7, Yet flocking promotes feeding 
efficiency in several ways. The more 
individuals searching, the more likely is a 
good feeding patch to be found. Animals 
can learn new foraging techniques from 
allospecifics!*: Morse saw a Blue Tit fly up 
toa Lesser Spotted Woodpecker pecking at 
bark and begin pecking next to it. Perhaps 
more important, by travelling together, 
species with similar diets can keep track of 
where food has already been gathered and 
is no longer worth seeking!’. Imagine five 
janitors who clean a large hall and are paid 
per kilogramme of trash collected. One 
janitor uses his hands, one a pitchfork, one 
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a broom, one a vacuum-cleaner and one a 
carpet-sweeper. Each janitor is better 
adapted than the others to collecting 
certain trash items, but there are many 
items that can be collected by any of several 
janitors. A good strategy for all janitors is 
to forage together, thereby constantly 
assuring themselves of trash-rich areas and 
avoiding areas partly cleared by other 
janitors. 

For whatever reason species do forage 
together, it is striking that flock members 
of widely different families often resemble 
each other in appearance, vocalizations, or 
both. As examples of this co-evolutionary 
phenomenon, termed social mimicry, 
Moynihan!’ noted that flocking tanagers in 
the mountains of Panama are mainly black 
and/or yellow, in the northern Andes 
brilliant blue or blue and yellow, and in the 
south-central Andes blue-grey dorsally and 
brown ventrally. A prime example of this 
tendency for birds of a feather to flock 
together is the ‘brown and black flock’ of 
New Guinea, first noticed by the 
flamboyant Italian explorer Count Luigi 
d‘Albertis in 1880 and rediscovered much 
later by Bell". The flock involves up to 22 
medium-sized, omnivorous bird species 
from seven families (birds of paradise, 
babblers, whistlers, drongos, cuckoo- 
shrikes, honey-eaters and flycatchers). All 
these species are either mainly rufous or 
mainly black; in three, the male is black, 
the female rufuous. The flock is led by a 
group of the babbler Gerritornis isidori, of 
which one individual is the actual leader 
and has a distincitive ‘leader’ call while 
his/her conspecifics have a ‘follower’ call. 
At least five other species in the flock 
mimic one or other of the babblers’ calls. 

Why should species from such different 
families converge in plumage? We are not 
dealing here with detailed mimicry of 
plumage patterns, but merely broad 
resemblances in overall colour. Moynihan 
points out that interspecific signals are 
required so that mixed flocks can form and 
maintain cohesion. The convergence in 
these signals may be for economy: it is 
much easier for a flock member to stay with 
the flock and avoid wandering off with 
some non-flock species if it need only 
remember to look for brown or black birds, 
instead of keeping 21 different colour 


patterns in mind. cy 
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THE CHEMISTRY OF THE SUN 
Although in the year 1866 a great many people were 
farniliar with the spots on the sun, those who had been 
favoured by a sight of a total eclipse, and many more 
who had read the accounts of total eclipses, knew that 
there was a great deal more of the sun than one 
generally sees. From the time of Stannyan, who 
observed the prominences at Berne, down to the year 
1842, let us say, several eclipses had been observed, 
and very beautiful coloured phenomena had been 
recorded by different observes, Red things had been 
seen projecting round the dark moon during the time 
of eclipse, and although many held them to be 
beautiful effects produced by the passage of the moon 
over the sun, or even clouds in the atmosphere of the 
moon coloured by the strange way in which the solar 
light then fell upon them, a larger number of people, 
on the other hand, insisted that these things must 
really belong to the sun. Now if that were so, it was 
perfecly clear that we should not be contented with 
merely observing the chemical nature of the spots. 
We have a round dark moon, which in this case is 
represented as entirely covering the sun; then these 
different prominences and luminosities, this 
wonderful set of streamers, or whatever you like to 
call them, which seem to veil, or to render less distinct, 
something else which islying beyond them. You will see 
here that some of these prominences are red, and 
others have a yellow tinge, and that, quite 
independent of the colour of the prominences, we 
have the most exquisite coloured effects. Sometimes 
the radial structure is not so marked, and reveals 











Eclipse of 1870. Photograph of the corona taken ‘at 
Syracuse. 


indications of structure further away from the sun. | 
You see wonderfully delicate tracery, lines being seen 
now in one part and now in another, In the 
photograph taken during the eclipse of 1870 we see 
that the luminosity of the solar atmosphere was 
excessively irregular, by which I mean that in one part 
we get a very considerable excess of light, quite 
independent of the sharply defined prominences, 
whereas in other portions the atmosphere of the sun at 
the same height is not nearly so luminous. Now in 
none of these cases have we been able to see the thing 
which struck us most clearly the moment the artificial 
eclipse system was set at work. It is a good indication 
of the extreme difficulty of making observations 
during eclipses, and how important it is that one 
should have a method which makes us independent of 
them, 

From Nature 24, 21 July, 271, 1881. 





Origin of the galaxies 


from Joseph Silk 


COSMOLOGISTS generally believe that 
galaxies formed as a consequence of the 
growth of tiny density fluctuations in the 
very early Universe. The remarkable 
uniformity of the cosmic microwave back- 
ground radiation has provided convincing 
evidence for the high degree of regularity of 
the Universe at an early epoch but within 
the past year two groups of astronomers, at 
Florence and Princeton, have reported 
evidence for a very weak anisotropy on an 
angular scale of 90°, which is probably 
produced by similar matter fluctuations to 
those from which the galaxies evolved. 
One of the most tantalizing issues in 
cosmology concerns the origin of these 
fluctuations. It is thought that the initial 
conditions of the big bang might provide 
an answer. Perhaps the Universe is the way 
it is because of the way it was. Surely the 
resourceful cosmologist can improve on 
this hollow echo of creationism, for if the 
initial conditions were very different, then 
we would not be here to take stock of the 
situation. This concept of the observer’s 
role in determining the state of the Universe 
has been elevated by Robert Dicke and 
Brandon Carter to the status of a 
fundamental cosmological principle: the 
anthropic principle. Its power arises 
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because the growth of fluctuations is 
inevitable from the beginning of time. 

Consider the history of a fluctuation 
destined eventually to form a galaxy. It 
grew in amplitude throughout much of the 
early expansion of the Universe. The 
earliest epoch that the cosmologist can 
usefully discuss is the Planck instant, a 
mere 104 second after the singularity. At 
this time, our galaxy-sized fluctuation 
must have had an infinitesimal but non- 
zero density contrast. These inhomo- 
geneities are best considered as fluc- 
tuations in the spatial curvature, or slight 
wrinkles in the geometry of space-time, 
The magnitude of such primordial wrinkles 
must be about 1 part in 10°, if fluctuations 
in the energy density are considered: for 
fluctuations in the matter component 
alone, the associated wrinkles attain a 
considerably smaller but well defined 
value. Were the fluctuation amplitudes 
much smaller, galaxies would not have 
formed by now; were they much larger, 
eventual collapse in the early Universe 
would have formed separate topologically 
disjoint universes, bearing little relation to 
our observed universe. 

Although this argument purports to 
show that the initial conditions may have 
been unique, it certainly does not provide 
any explanation, One is left with the 
following conundrum. The very early 
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Universe was uniform to a high degree. 
However to form galaxies, fluctuations 


must have beén present at an exceedingly 


small but non-zero level. This situation is 
aesthetically unappealing — granted that 
the early Universe must have been very 
nearly uniform, one would obviously 
prefer to begin with a perfectly 
homogeneous and isotropic expansion, 
and see fluctuations develop 
spontaneously at some later epoch. No one 
has been able to discover a means of 
generating fluctuations over a sufficiently 
large scale to form galaxies in the standard 
big bang cosmology. To. some 
cosmologists, this failure has provided 
sufficient reason to reject the standard 
model. Some have opted for an initially 
cold big bang in the hope that cold matter 
may be more susceptible to fragmentation. 
Others have taken a stronger stance, and 
rejected the big bang entirely. 

A fascinating resolution of this 
cosmological dilemma has been recently 
proposed by Ya. B. Zel’dovich of the Space 
Research Institute, Moscow (Mon. Not. R. 
astr. Soc, 192; 663, 1980) and Alexander 
Vilenkin of Tufts University (Phys. Rev. 
Lett. 46; 1169, 1981). Recent applications 
of elementary particle theory to the very 
early Universe imply the possibility of a 
novel mechanism for the spontaneous 
generation of the seed fluctuations from 
which galaxies eventually formed. The 
origin and nature of elementary particles 
can be understood in terms of a class of 
theories known as the grand unified 
theories (GUTs), which seek to unify the 
electromagnetic, weak and strong nuclear 
forces into a single theoretical framework. 
Above the grand unification energy of 
about 10!5 GeV, these fundamental forces 
of nature all play an equal part, and matter 
is completely symmetrical in all its 
properties. The very early Universe 
provides a natural laboratory for testing 
GUTs, since particle energies attained then 
greatly exceed those produced in any man- 
made particle accelerator. One of the most 
elegant consequences of GUTs is that they 
predict (at least in order of magnitude) the 
observed baryon asymmetry of the 
Universe. The breakdown of symmetry 
occurs some 105 second after the big bang, 
when particle energies have dropped below 
the grand unification energy. This 
produces a slight excess of particles over 
antiparticles which is crucial to the exis- 
tence of an environment in which life could 
evolve, for the fact that we and our 


surroundings consist exclusively of matter: 


rather than antimatter implies that in the 
very early Universe, when the cosmic 
blackbody radiation copiously produced 
particle~antiparticle pairs, the amount of 
matter exceeded that of antimatter by 
about | part in 10°. Our very existence is 
therefore a consequence of GUTs and the 
breakdown of symmetries as the Universe 
expanded and cooled, for a Universe which 
precisely conserved matter—antimatter 
symmetry would have undergone 


considerable annihilation; little residual 
matter (or antimatter) would remain. 

Zel'dovich and Vilenkin argue that 
GUTs may have profound implications for 
the large-scale structure of the Universe. 
The breakdown of symmetry at 10°5 
second can be regarded as a phase 
transition. A useful analogy is an isotropic 
ferromagnet, which when cooled below a 
critical temperature (the Curie point) spon- 
taneously develops magnetism. The 
direction of magnetization is indeterminate 
and random, and may vary in different 
regions or domains. The GUTs phase 
transition may involve the spontaneous 
generation of a domain structure. The 
symmetry breakdown is believed to be 
effected via an intermediary class of par- 
ticle — the Higgs particle — and its 
associated fields. These are important in 
the unification of strong and electroweak 
interactions, being responsible for the 
masses of the elementary particles once the 
symmetrical state is broken. As the 
Universe cools, the symmetry breakdown 
occurs because particles and radiation are 
no longer energetic enough to create the 
full panoply of states of all types of particle 
predicted by GUTs. The end state of the 
matter is characterized by a vacuum state 
of lowest energy. In the classical physics 
regime, the vacuum has approximately 
zero energy, although small fluctuations 
are present. The fluctuations are variations 
in the energy of a reservoir of virtual pairs 
of particles and antiparticles that are 
released under extreme conditions of tem- 
perature or gravitational stress. The 
vacuum state after the GUTs phase 
transition has a finite energy density 
associated with the Higgs field. It is 
believed that the Universe began with a 
very large vacuum energy density of almost 
equal magnitude but opposite sign, 
forming a false vacuum state, so that one 
ends up after the phase transition in the 
true vacuum of zero energy. 

In fact, the true vacuum state is not 
unique. Although the minimum energy 
state of the Higgs field has a universal 
value, implying the same energy density 
everywhere, the direction of the associated 
field is indeterminate. Multiple true 
vacuum states are possible, depending on 
the degree of complexity of the Higgs field. 
The phase transition can result in the 
formation of different domains of vacua, 
corresponding to the multiple vacuum 
states. The direction but not the magnitude 
of the Higgs vacuum expectation value 
differs in each domain. The domain 
boundaries are characterized by gradients 
in the Higgs field, and therefore contain 
energy density; they also consist of residual 
false vacuum that has not undergone the 
phase transition. When the Higgs particles 
have decayed, the Universe contains the 
remnants of these boundaries in the form 
of topological structures of false vacuum 
that may contain a very considerable 
energy density. 

Theory indicates that possible forms for 





the domain boundaries are topological dis- 
continuities that can be either two-, one-, 
or zero-dimensional in character. There are 
two-dimensional walls, one-dimensional 
strings, or monopoles, which are point-like 
singularities. An important characteristic 
of the energy density associated with the 
monopole’s structure is that it effectively 
behaves as a rest-mass, and assumes a pro- 
gressively more important gravitational 
role as the radiation is redshifted away. The 
walls and strings suffer very little friction 
from the ambient radiation and matter, 
and the tendency of these initially highly 
convoluted structures to straighten out 
causes them to move at near the speed of 
light on the horizon scale. Density fluctu- 
ations are generated on and below the 
horizon scale, and larger and larger fluctu- 
ations develop as the horizon scale grows. 

In fact, expanding walls can be excluded 
by simple astrophysical considerations. 
Zel'dovich, Kob’zarev and Okun pointed 
out (Zh. Eksp. Teor. Fiz. 67; 3, 1974) that 
such walls should be extremely massive, 
and would grossly perturb the cosmic 
microwave background radiation. 
However strings are quite another matter. 
Their one-dimensional structure implies 
that their influence in the present epoch is 
relatively modest. Strings may still lead to 
sizable density fluctuations. The process of 
generating density fluctuations continues 
after the phase transition at 10% second, 
perhaps until the present epoch if the 
strings can survive. At formation, the 
strings are very tangled, and both infinitely 
long strings and closed loops are present. 
Dissipation tends to reduce the tension in 
the strings on scales smaller than the 
horizon, and the strings gradually 
straighten out. New strings are likely to 
form as intersecting strings form closed 
loops; this provides a principal means of 
straightening the strings. The expansion of 
the Universe stretches the strings on scales 
larger than the horizon, and the 
characteristic dimension of a string at any 
epoch is in fact the horizon scale. 

The density fluctuations generated by 
the strings can provide the seeds for galaxy 
formation. The mass of a galaxy is first 
contained within the horizon at an epoch of 
about 10 yr and the mass of a galaxy cluster 
after about 10* yr. Strings will be present 
on the horizon scale moving at light speed 
and their gravitational pull will induce 
density fluctuations. Zel’dovich argues 
that the density of infinite strings 
remaining from the GUTs phase transition 
amounts to about 0.1 per cent of the mean 
cosmological density. This implies that the 
expected amplitude of density fluctuations 
is of the order of 0.1 per cent. Such 
fluctuations survive the radiation even 
when their growth is inhibited by the 
frictional effect of radiative viscosity. 
After the decoupling epoch, the 
fluctuations grow in amplitude uninhibited 
by the radiation, accreting the surrounding 
matter. Galaxy formation eventually 
occurs once the fluctuations become of 
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very large amplitude and collapse. 

How inevitable is such a scenario? It 
seems thatin general types of GUT, these 
topological singularities (either walls, 
strings or monopoles) will form as the 
symmetry breakdown occurs, depending 
on the degree of complexity of the Higgs 
field. The only requirement is that the 
Higgs field possess a finite correlation 
length, beyond which its expectation value 
in different locations.is.completely un- 
correlated. This provides our best hope for 
understanding galaxy formation in an 
initially homogeneous. and isotropic 
universe. Galaxies may therefore have 
originated from a tangle of strings 
spontaneously produced some 10°35 second 


after the big bang. The strings are best 
visualized as topological knots of high 
energy density that may be either of infinite 
length or closed loops. As the Universe 
expands, the strings untangle, 
continuously generating sizable density 
fluctuations via their gravitational effects 
on scales less than the instantaneous 
horizon scale. 

Cosmologists are not entirely convinced 
by this scheme, since it involves rather 
specific assumptions about elementary 
particle theory concerning the nature of the 
Higgs field that have not received wide- 
spread acceptance. One difficulty is that 
not only strings are produced by the GUTs 
phase transition. Massive monopoles are 


Bose—Fermi equivalence 
and soliton theory in solid-state physics 


from R. K. Bullough 


NONLINEAR. oscillators and nonlinear 
wave mechanisms are providing the key to 
our understanding of an increasing 
number of fundamental processes in phys- 
ics, chemistry and biology. Some years ago 
nerve axon. pulse propagation was 
modelled by the nonlinear Hodgkin- 
Huxley or FitzHugh-Nagumo equations. 
Now nonlinear wave equations are pro- 
viding insights into, for example, the way 
chemical concentration. waves may 
implement the. changes in anatomical 
structure demanded by.a mutant gene, or 
cell division in the emerging embryos of 
sea urchins. 

Although most of. these nonlinear 
systems can be handled by the theor- 
etician only by use of large computing 
machines, there is a large and growing 
class of nonlinear wave equations which so 
far have been applied in theoretical phys- 
ics rather than theoretical biology, and 
which can be solved analytically, that is, in 
terms of the familiar mathematical 
functions. Many of these systems have 
soliton solutions—the subject of this 
article. 

A word first on nonlinearity; even at 
school we learn to write down the equa- 
tion of motion for the angular displace- 
ment u of a simple pendulum in the form 
MI d'u/dt? = -Mg sinu. Then we 
immediately linearize this equation by 
replacing sinu by u and so gain the 
harmonic oscillator equation d?u/dt? + 
(g/l)u=0 which has cos(g//)'t or 
sin (g/1)'*t as solution. But the linearized 
theory is applicable only if u is small. So 
what happens if the pendulum is rigid and 
can turn right over so that u is 27 or 
bigger? And what is the situation if we 
couple such oscillators together in a 
regular array to form a model crystal? In 
linear approximation we gain the so- 
called Klein-Gordon (KG) equation, 
usx Ua = m’u, which is familiar (the 
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notation is the convenient one u,, = 
gu/ðx?; etc. and m here is a number 
playing the part of a mass). But the 
nonlinear analogue is the sine-Gordon 
(s-G) equation t, —Uu„=m°sinu (the 
name is no accident!). The s-G has soliton 
solutions but the KG does not. 

This word ‘soliton’ was coined by 
Norman Zabusky and Martin Kruskal 
(Phys. Rev. Lett. 15; 240, 1965) who were 
concerned with a very different-looking 
wave equation, the Korteweg-de Vries 
(KdV) equation, u, + 6uu, + uy, = 0, and 
in essence they observed that its solitary 
wave solution, u =4V sech*{AV'? 
(x ~ Vt)} asymptotically preserved (or 
exchanged) both its form and its speed V 
in collision with other such solitary waves 
travelling at different speeds. Because of 
this particle-like property, these solitary 
waves were dubbed solitons. We now 
know that this behaviour typifies a whole 
class of nonlinear wave equations, 
outstanding examples being the KdV, the 
modified KdV (MKdV) v, + 6070, + toa = 
0, the nonlinear Schrédinger equations 
(NLS) i, = Ya + 2y ||? (with y complex) 
and the s-G. Clearly the solutions of such 
equations could be superb examples of 
‘elementary excitations’ in some context 
of many-body physics. 

With this in mind, solid-state physicists, 
in particular, have been quick to use soli- 
tons to explain the high, anisotropic and 
essentially one-dimensional, non-ohmic 
electrical conductivity of certain organic 
polymers like TTF-TCNQ at tempera- 
tures T~3K, or the central peak ob- 
served in the neutron-scattering spectrum 
from crystalline SrTiO, in the displacive 
regime, or the central peak in the spec- 
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predicted by the simplest GUTs, and these 
particles could dominate the present mass 
density of the Universe, contrary to obser- 
vation, unless the theory of the very early 
Universe is carefully adjusted. Perhaps 
strings will only meet universal acceptance 
if more direct proof of their existence is 
forthcoming. This is most likely to emerge 
from their effect on electromagnetic radia- 
tion, in the large-scale angular anisotropy 
of the cosmic microwave: background 
radiation, Another intriguing possibility is 
that the gravitational lenses, recently 
identified with close.pairs of quasars 
having strong spectral similarities, may be 
due to the gravitational d deflection of light 
by cosmological strings. a 


trum of the effectively one-dimensional 
ferromagnetic crystal CsNiF; for T= 
10K, and so on. Already in 1978 the 
conference report ‘Solitons and Conden- 
sed Matter Physics’ (eds A. R. Bishop and 
T. Schneider; Springer) wa: toreview 
a wide range of such applications. 

The physical insight displayed in many 
of these investigations is admirable. Still it 
seems a pity that the word soliton is so 
often misused: sometimes it simply means 
a solitary wave (a pulsed solution with 
argument (x ~ Vt)) or even just a lump; 
jacobian elliptic functions like: cn(x;k). 
(which tends to cos x, k > 0, orsecht, k= 
1) are called ‘multisolitons’ or a soliton 
‘lattice’. However, there isa mathematical 
structure surrounding the solitons and 
their collision properties which does not 
surround the simpler solitary waves; and 
this mathematical structure may be rele- 
vant to the physical problem in hand. 

A case in point is the interesting paper 
entitled ‘Soliton Lattice in Polyacetylene, 
Spin-Peierls Systems and Two-Dimen- 
sional Sine~Gordon Systems’ by Baruch 
Horovitz (Phys. Rev. Lett. 46; 742, 
198 1)—as well as a frequent misuse of the. 
word soliton in this way in a series of 
papers by K. Maki and his collaborators 
who are referenced in the Horovitz paper. 
In his paper, Horovitz treats three phys- 
ical systems: a fermion system concerned 
with the insulator-to-metal transition at 
~1% doping observed in polyacetylene, 
which is explained in terms of a charge 
carrying soliton ‘lattice’ or soliton ‘drop- 
lets’ of that lattice; 2 ‘lock-in’ phase tran- 
sition in a boson system engineered by 
quantum corrections to the classical s—G: 
and the first-order phase transition 
observed in the magnetic spin system 
TIF-BDT (Cu) [tetrathiafulvalene-bis- 
cis-(1,2- perfluoromethylethylene - 1,,2- 
dithiolato)-copper] in a strong magnetic 
field (~120kG) at low temperatures 
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(~10K). The attraction of the analysis is 
that all three very different physical prob- 
lems are shown to be mathematically 
equivalent. So it is a pity, and I think 
misleading to the physics, that the author 
does not make proper use of the mathe- 
matical structure surrounding the theory 
of solitons. 

In his first example the author uses 
Peierls’s idea (subsequently extended by 
Fröhlich as an incipient theory of super- 
conductivity) that the electrons in a one- 
dimensional lattice with a half-filled band 
can lower their energy if a gap in the 
electron energy spectrum is induced by a 
suitable periodic distortion of the ion 
lattice. If the lattice distortion moves (as a 
phonon), the ions’ charges stay locked to 
their sites; but if the lattice and its dis- 
tortion have incommensurate periods, the 
electrons can travel freely with this 
phonon and constitute a resistanceless 
current. In practice this moving ‘conden- 
sate’ is pinned—typically by a periodic 
potential like cos ¢ (x, t) depending on the 
condensate phase ¢. In this particular case 
the current is carried by the soliton ‘kink’ 
(or ‘antikink’) solutions, b= 
4 tan”! [exp {m(x — Vt)/(1 - V°} of 
the s-G, Such a theory describes the non- 
ohmic conductivity of TTF-TCNQ for 
T <4.2K quite well (see Cohen et al. Phys. 
Rev. Lett. 37; 1500, 1976; and Trullinger 
et al. Phys. Rev. Lett. 40; 206, 1978, and 
earlier papers). Note that the kink œ = 0 as 
x~»~00, but jumps rapidly from 0 to 27 in 
a small region of order m~’ about (x — 
Vt); the antikink jumps from 0 to ~27. 
Horovitz looks for a periodic lattice of 
kinks and antikinks in which the lattice ion 
displacement field A(x) swings (on some 
scaling) between +22 about the lattice 
sites. A sequence of s~G kinks and antik- 
inks might describe just such a situation; 
however, such a multisoliton solution of 
the s-G at rest is not stable. 

The mathematical problem in all three 
cases can be reduced to solving a Dirac- 
type eigenvalue problem for two- 
component spinor eigenfunctions y, (x) in 
the presence of the ion displacement field 
A(x) such that the total energy E,= 
X'e, +fdxA%(x)/2iA is minimized; the 
X'e, is the contribution of the eigenener- 
gies of occupied electron states and A a 
coupling constant. The eigenvalue prob- 
lem takes the form Ly, (x) =e,w,(x) in 
which L is a Hermitean 2x2 matrix 


differential operator: L =ig,8/ðx + 
A(x)o, where ao, and a, are Pauli 
matrices. 


Experts in soliton theory will immedi- 
ately recognize this eigenvalue problem as 
essentially that used by Zakharov and 
Shabat to solve the NLS in 1972. Likewise 
it solves the MKdV v, — 6v7v, + 0,,, = 0. It 
looks uninteresting for solitons because 
the eigenvalues must be real (L is Hermi- 
tean) and we know that solitons are asso- 
ciated with complex eigenvalues. 
However, the point of all this here is the 
following: it is known that for the MKdV 





(or for the NLS or the s-G for that matter) 
a 2x2 matrix B depending on v, Ve, v,, 
and the £„ can be found so that the MKdV 
equation is equivalent to the operator 
equation 

L, =[B, L]= ÊL - ĈÊ a) 

The pair of matrix operators (B, L) 
which makes equation (1) the MKdV is 
the familiar Lax pair for the MKdV— 
named after Peter Lax who first found this 
form for the KdV in 1968. To introduce it 
here we have extended A(x) by letting it 
depend on the parameter ¢ and set 
A(x, t) =v(x, t) so that A(x, t) follows the 
MK@dvV ‘flow’. It is easily checked that 
equation (1) is the MKdV flow if, and only 
if, the £„s do not depend on t even though 
the scattering potential A(x, t)in L and the 
eigenfunctions y, now do so. The MKdV 
is thus an isospectral flow in this sense. If a 
nonlinear equation like the MKdV can be 
put in the form of equation (1), we can 
expect to solve it for appropriate boun- 
dary conditions by the so-called inverse 
scattering method. This method general- 
izes the Fourier transform for linear 
problems to the present class of nonlinear 
problems via the isospectral transform 
Li, =e,,. If the equation has soliton 
solutions we can find them through the 
complex eigenvalues ¢, in this way. 

The key point is that the „s remain 
stationary under the flow. Thus if A(x +1), 
of single argument x +t, is a particular 
solution of the MKdV for any t, we might 
guess that it will minimize the contribution 
of the electron eigenenergies ¢, to the 
total energy Eù for all t; furthermore, we 
know that under the MKdV flow with 
appropriate boundary conditions, 
fv? dx =f 4° dx is also a constant of the 
motion. Thus we guess that A(x +t), or 
scaling t, A(x + yt) minimizes E, for an 
appropriate choice of y. 

Horovitz took a different route: he 
converts the spinor eigenvalue problem to 
a Schrodinger problem with scattering 
potential A*— A’(x) where A’(x) =dA/dx. 
He argues, incorrectly in my view, that this 
is of KG type and uses results in pertur- 
bation theory taken about the s~G equa- 
tion by linearizing this equation about its 
kink solution to set A*(x)~A(x)= 
U"(¢(x)) and to infer that U(d(x))= 
A?(1 — cos (@(x))). This potential is the s- 
G potential in its Hamiltonian 


H= | (09? +402 


+m?(1 -cos ($ (x)))} dx (2) 


so A, is a mass m (Hamilton’s equations 
for a field ọ (x, t) generate the s-G from 
equation (2)). 

Those familiar with the history of soli- 
ton theory will, however, see in the trans- 
formation A*(x,t)~ A(x, f), =u(x,t) the 
celebrated Miura transformation which 
moves a solution A(x, t) of the MKdV toa 
solution u(x,t) of the KdV u, ~6uu, + 
u,,, = 0! It is a curious fact, associated 
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more with the theory of jacobian elliptic 
functions than with solitons, that the KdV 
has the solution u(x + Aft) =u (E) given by 
u(€)=Ajcos@(E) providing (€)= 
2A,sin {36(€)} so that ”=A?sind. 
Certainly this is the equation of motion (in 
the ‘time’ variable €=x+A?1) of a 
pendulum capable of large angular dis- 
placements; and it has the static kink 
solutions @=-a+4tan'expaA,é in 
which the pendulum turns from upside 
down very slowly through angle 27 back 
to upside down. Nonetheless, it derives 
from a wave equation, the MKdV, very 
different from the s~G, and the physical 
associations it conveys are also very 
different. 

Of course, like a good physicist, Horo- 
vitz still finds a correct mathematical 
solution for his lattice which for large 
period does indeed behave like a series of 
alternating kinks and antikinks of the s~G. 
He then finds that this lattice is stable for 
large doping levels (large values of the 
phonon-electron coupling constant A) but 
becomes unstable for small A. The forma- 
tion of droplets of this lattice is suggested 
to herald the observed insulator-to-metal 
transition observed in polyacetylene. 

In a similar way his so-called bose 
problem appeals to the fact that if the s-G 
hamiltonian equation (2) is linearized 
about a kink and the resulting small oscil- 
lations quantized as ‘phonons’, this quan- 
tum correction is essentially the energy of 
the fermion soliton lattice with a change in 
sign. Thus there is a first-order phase 
transition as the coupling constant A is 
reduced. Similar considerations apply to 
his spin problem where +3 spins are car- 
ried by the solitons. 

The moral of this interesting paper 
seems to be that good physical insight 
leads to good physics. But soliton theory is 
now so important in many areas of 
nonlinear theoretical physics that a good 
understanding of it has become an essen- 
tial technical prerequisite for the practis- 
ing theoretician. This is particularly true in 
high-energy physics where mathematical 
structure may be the only guide. It is a 
remarkable fact that the so-called spin ~4 
xyz lattice model can be mapped exactly, 
in the continuum limit of zero lattice 
spacing, onto the massive Thirring model 
(a relativistically co-variant fermion field 
theory) and that this maps exactly onto the 
quantized s-G model (a co-variant boson 
theory). This formal fermion~boson 
equivalence, as well as the remarkable 
mass spectrum of the quantized s-G, has 
stimulated much work on nonlinear field 
theories, especially the gauge and super- 
symmetric gauge theories, in high-energy 
physics. It has also recently stimulated a 
quantum version of the inverse scattering 
method for solving some of these quan- 
tized problems exactly. Apparently it was 
these ideas on fermion—boson equivalence 
that motivated Horovitz’s line of analysis 
in his interesting paper on solid-state 
physics. EJ 
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The drastic intestinal secretion of fluid and electrolytes that is characteristic of cholera is the result of 
reasonably well understood cellular and biochemical actions of the toxin secreted by Vibrio cholerae. 
Based on this understanding it is possible to devise new techniques for the treatment and prophylaxis of 





cholera to complement those based on fluid replacement therapy and sanitation. 





CHOLERA patients have characteristically watery diarrhoea 
which leads to dehydration and metabolic acidosis. If untreated, 
this fluid loss rapidly leads to death. The disease is caused by an 
intestinal infection with Vibrio cholerae. These bacteria adhere 
to and colonize the small intestine and secrete an exotoxin— 
cholera toxin—that binds to receptors on the mucosal cells and 
stimulates intestinal adenylate cyclase activity. The resulting 
increase in cyclic AMP then causes diarrhoea and fluid loss by 
inhibiting uptake of sodium chloride by the villi as well as by 
stimulating active chloride secretion by crypt cells’. 

Koch, who identified V. cholerae as the causative agent of 
cholera, had in 1887 already proposed that the disease was 
toxin-mediated but it was not until 1959 that the Indian scien- 
tists De? and Dutta? convincingly demonstrated the existence of 
a cholera toxin, This was purified*’, and its effect on the 
adenylate cyclase-cyclic AMP system soon established®'”. 
Since then, activation of adenylate cyclase by cholera toxin has 
been shown to occur in most mammalian cell types, the struc- 
ture-function relationship of the toxin has been defined, the cell 
membrane receptor identified and, most recently, the mode of 
action of the toxin on adenylate cyclase explained in consider- 
able detail. 

This knowledge of the cholera toxin has made it a useful tool 
for cell biologists, biochemists and physiologists interested in 
aspects of cell membrane and cyclic nucleotide research that are 
essentially unrelated to cholera. It has also suggested various 
possibilities for novel approaches to prevention and treatment 
of disease. My main intention here is to describe the cellular 
action of cholera toxin and to discuss the possible exploitation of 
this knowledge in the design of vaccines, receptor-prophylactic 
agents, and antisecretory drugs against cholera. 


The cholera toxin molecule 


Cholera toxin is a protein with two types of subunit: a single 
‘heavy’ subunit of molecular weight (MW) 28,000 nonco- 
valently attached to a 58,000-MW aggregate of ‘light’ subunits 
(Fig. 1). 

The demonstration that choleragenoid, a protein immuno- 
logically related to cholera toxin and able to bind to intestinal 
epithelium without having toxic activity’, contains the same 
‘light’ subunits as the toxin but lacks the ‘heavy’ subunit strongly 
suggested that the ‘light subunits are responsible for cell binding 
(B subunits) and the ‘heavy’ subunit for the direct toxic activity 
(A subunit)''"*, Experiments with toxin subunit fractions, pre- 
pared by gel filtration in acidic buffer and dialysed to allow 
renaturation and reassociation of subunits, confirmed that B 
subunit bound strongly both to the cell and to the isolated cell 
receptors, but was nontoxic. Purified A subunit neither bound to 
nor was toxic for intact cells. However, A reassociated with B 
had both binding and toxic activity in various whole-cell 
systems’? 23-1516, 
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The requirement for membrane binding by the B subunits can 
be circumvented by using disrupted cells; in these conditions 
purified A subunit and also its A, fragment (see Fig. 1) can 
activate adenylate cyclase’’”°. Furthermore, the characteristic 
lag period of 10-60 min observed in intact cells before any effect 
of cholera toxin on adenylate cyclase is seen", essentially 
disappears in broken cells. Reduction of the disulphide bond 
between the A, and A, regions, but not the physical separation 
of the two fragments, seems to be necessary for the activity of A 


on adenylate cyclase”. 


The cholera toxin receptor 


The first event in the action of cholera toxin on cells is the rapid, 
tight binding to receptors on the cell surface. Studies with 
“27 Jabelled toxin have shown that binding occurs almost 
instantaneously, is saturable and initially reversible’**’. The 
number of binding sites per cell varies widely with the cell type 
but affinity of binding varies very little (K,~ 110° mol’) 
indicating that the receptor is the same for various cell types” ”, 
It is now known that the membrane receptor for cholera toxin 
is a specific ganglioside (Fig. 2). Van Heyningen ef al.’ observed 
that a crude ganglioside mixture inactivated cholera toxin; FHL 
et al.”*, Cuatrecasas*' and King and van Heyningen™ showed 
that this inactivation resulted from specific binding between the 
toxin and a single ganglioside, Gui- Gwm: neutralized cholera 
toxin in about equimolar proportions and gave a specific 
precipitation band with cholera toxin in gel-diffusion tests”. 
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Fig. 1 Model of cholera toxin subunit structure. The toxin has 
one 28,000-MW A subunit and five 11,600-MW B sub- 
units 1 1716.-29.62,102-107. The B subunits. which contain 103 
residues 9 and 86 (refs 105, 106), are aggregated in a ring by tight, 
noncovalent bonds. The A subunit is inked to and partially 
inserted in the B ring through weaker noncovalent interactions”. 
A subunit, although synthesized as a single polypeptide chain (one 
gene)’, is usually ‘nicked’ between its two cysteine residues by 
bacterial protease(s}) and thus splits into fragments A, (MW 
~21,000) and Az (MW ~7,000) when treated with thiol-reducing 
agents 1 ®?, Reduction of whole toxin releases the A, fragment 
from the A,-5B complex, indicating that Ais attached to the B ring 
by its Az portion’? 109" Electron micrographs show the outer 
diameter of the B ring to be 90-100 A, and the size of the separated 
A and B subunits as ~35x 55 A and ~24 x30 A (refs 110, 45). 
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Subsequent studies in several laboratories have provided 
further evidence that ganglioside Gy; is the natural biological 
receptor for cholera toxin. 

(1) Studies of various cell types, including small intestinal 
mucosal celis of different species, have demonstrated a direct 
relationship between the cell content of Gu; and the number of 
toxin molecules that the cells can bind’*?’?*, In each cell type 
studied there have been about five molecules of Gaui per toxin 
binding site”, which supports data from in vitro fixation stu- 
dies”? that each toxin B subunit binds to one Gy; molecule. 

(2} Exogenous Gm: ganglioside can be incorporated into the 
cell membrane, there to act as a functional receptor. This was 
first shown by Cuatrecasas*’, who observed an increased cholera 
toxin-binding capacity and lipolytic responsiveness of fat cells 
which had been soaked in Gy. Using *H-labelled Guy, J.H. et 
al.” demonstrated the incorporation of Gm: into epithelial 
membrane of small intestine from humans and other species and 
showed that the increase in Gu, was associated with a cor- 
responding increase in the capacity of the intestine to bind 
cholera toxin. In vivo tests in rabbits showed parallel increases 
of Gm, and susceptibility of the gut to the diarrhoeogenic action 
of the toxin??, Incorporation of Gy; into transformed cells 
deficient in this ganglioside has restored cell responsiveness to 
cholera toxin**?*, 

(3) Pretreatment of cell membranes with cholera toxin has 
been found to block specifically the membrane Gu: from reac- 
ting with galactose oxidase”, 

(4) Incubation of certain tissues with V. cholerae sialidase 
increases the number of toxin-binding sites in proportion to the 
additional Gm: produced by the enzyme from more complex 
gangliosides in the membrane: cellular sensitivity to the toxin is 
simultaneously enhanced?”'"*-""5, However, V. cholerae siali- 
dase has failed to create new receptors for cholera toxin in 
intestinal epithelium’? even though after extraction, the 
intestinal gangliosides are normally hydrolysed by this 
enzyme”. Thus intestinal epithelium seems to possess a means 
of preserving its structural integrity from enzymatic attack. 

(5) Chemical modifications of cholera toxin by various 
reagents have consistently and proportionally affected binding 
to cells and to plastic-adsorbed Gm: ganglioside*’. 


Membrane penetration and activation of 
adenylate cyclase 


As already indicated, the lag between cell binding of cholera 
toxin and activation of adenylate cyclase mainly reflects the time 
taken for the toxin A subunit to penetrate the cell membrane. In 
comparison, the generation of A, and the subsequent effect on 
adenylate cyclase are rapid events that occur in <1 min (ref. 17), 
The cell penetration process is poorly understood; the time it 
takes is markedly influenced by the incubation temperature and 
the composition of the cell membrane (J.H. er al., unpublished 
results), Lateral diffusion and capping of cholera toxin in the 
membrane have been demonstrated’? and have been pro- 
posed to be critical for action of the toxin***'. Lateral diffusion 
seems to have a much greater influence on the lag time in 
Gmi-poor cells than in those with more receptors. Thus, cell 
incorporation of exogenous Gm; significantly shortened the la 
period in C6 cells which bind 7,000 toxin molecules per cell**, 
while no such effect was seen for mouse thymocytes (J.H, et al., 
unpublished results) which bind 150,000 toxin molecules per 
cell and exhibit a much shorter lag period”, 

Moss et al.” and Tosteson and Tosteson** have shown that 
both cholera toxin and its B region can create pores in synthetic 
lipid bilayers containing Gy; however the observed capping of 
cholera toxin in viable cells suggests that the initial G,,,-toxin 
complex makes contact with an integral membrane protein. As 
discussed in detail elsewhere’, the association of toxin with the 
membrane Gm: receptors might induce a conformational change 
in the B subunits, resulting in exposure of otherwise hidden 
hydrophobic B-subunit regions which then fuse with hydro- 
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phobic protein or lipid components of the plasma membrane, 
This could result in entry of the A subunit into the cell by one of 
at least three possible mechanisms. First, it is possible that the B 
subunits form a hydrophilic channel through the membrane, 
allowing’A to pass; second, a channel for A subunit, may be built 
by the B subunits and an integral membrane protein; the third 
possibility is that a hydrophobic interaction between the A 
subunit and an integral membrane component may transpose A 
to the inner face of the membrane where intracellular glu- 
tathione would reduce the A;-A, disulphide linkage, thereby 
releasing A,. Membrane-bound cholera toxin is partly endocy- 
tosed*”"*, Recent studies have suggested that for diphtheria 
toxin (the action of which resembles that of cholera toxin 
although the metabolic and clinical effects are very different”), 
adsorptive endocytosis is required for membrane penetration 
and cytotoxicity at physiological pH; lysosomotropic agents 
protect the cells, probably by neutralizing the acid pH in 
lysosomes, thus preventing the acid-dependent conformational 
change of endocytosed toxin in secondary lysosomes that is 
necessary for the translocation of the diphtheria toxin A frag- 
ment**“°, Lysosomotropic agents, such as ammonium chloride 
and chloroquine, should also be tested for their effect on the 
activity of cholera toxin. 

The intracellular biochemical events that lead to activation of 
adenylate cyclase are known. Gill? showed that, in broken cell 
preparations, activation depends on NAD, undefined cellular 
cytosol factors and ATP, in addition to the A, fragment and cell 
membrane. Moss et al.*' showed that cholera toxin, like diph- 
theria toxin, has ADP-~ribosyltransferase activity, that is, it 
catalyses the reaction: 


NAD + acceptor protein > ADP-ribose-acceptor protein 
+ nicotinamide + H” 


The protein that is ADP-ribosylated by cholera toxin has 
recently been identified as the guanyl nucleotide-binding 
component of the membrane-bound adenylate cyclase****. 
Cassel and Selinger** have shown that adenylate cyclase is active 
while GTP is bound to the GTP-binding component but reverts 
to an inactive state as GTP is hydrolysed to GDP by GTPase; 
cholera toxin blocks the GTPase action which stabilizes 
adenylate cyclase in an active conformation, Alternatively, 
cholera toxin may stimulate adenylate cyclase by enhancing an 
exchange reaction in which stimulatory GTP replaces inhibitory 
GDP at a rate higher than that of hydrolysis of GTP to GDP 


B subunit cholera vaccine 


Can recent knowledge about cholera toxin be used to improve 
prevention or treatment of disease? Although the development 
of the highly successful water and electrolyte substitution 
therapy was essentially an empirical process, three rather more 
specific approaches have given promising results in animals and 
are now being used in clinical trials. 

The first of these is the development of an ora! cholera vaccine 
based on enterotoxin B subunit. In contrast to clinical cholera 
disease, which gives rise to long-lasting immunity”, the whole- 
cell cholera vaccines give only partial immunity for <6 
months*’. Animal studies have shown that antitoxic and anti- 
bacterial cholera immunity cooperate synergistically in the gut 
giving a multiplicative protective effect by interfering with 
separate pathogenic events—toxin binding and bacterial 
adhesion and colonization®**°. The whole-cell vaccines prob- 
ably fail both because they lack any toxin-derived antigen and 
because the injection route may be relatively inefficient in 
stimulating local immunity in the gut mucosa*’, 

Purified cholera B subunit, which spontaneously reassociates 
to the pentamer ring, is a logical ‘toxoid’ immunogen against 
cholera, especially for ora! immunization. It is immunologically 
unrelated to A subunit’*?*°? and is a much stronger 
immunogen’. Furthermore, isolated antibodies to B subunit 
have considerably higher cholera toxin-neutralizing activity 
than antibodies to the A subunit®*°*, The separation of B 
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Fig. 2 Structure of the cholera toxin receptor, Gy, ganglioside. The 
oligosaccharide moiety of Gy, carries the binding determinants for cholera 
toxin, and studies have shown that both the terminal galactose and the sialic 
acid residues, positioned as in Gwn, are required for receptor activity?*""*, 
the removal or masking of any of these residues effectively inhibits the 
cholera toxin binding activity?*, Decarboxylation of the sialic acid residue 
destroys the receptor activity of Gm: (ref. 30 and L. Svennerholm er al., in 
preparation), while oxidation with sodium periodate or exchange of the 
N-acetyl group by N-glycolyl does not affect activity (ref. 34 and L. Sven- 
nerholm et al., in preparation). The lipid moiety of Gy; is also important. A 
sufficiently long hydrocarbon chain is needed for stable fixation of cholera 
toxin?*!*, Lyso~Gaj;, in which the fatty acid has been replaced by an acetyl 
group, has been shown both to have intact toxin-binding activity” and to be 
even better than Gu; in promoting subsequent toxin~membrane inter- 
actions necessary for activation of adenylate cyclase**. 


subunit from A excludes any risk of reversion to toxicity but 
does not lead to significant loss of protective antigen deter- 
minants®. B subunit is particularly well suited to oral 
immunization because it retains the ability to bind to the 
intestinal epithelium, which has been shown to be important for 
stimulating mucosal immunity in animals, including local 
immunological memory*'. Finally, as will be further discussed, B 
subunit given orally may also provide nonimmunological pro- 
tection by blocking receptors before stimulating local immuno- 
globulin A (IgA) antitoxin formation. Purified B subunit is a 
strong protective antigen against experimental cholera in rabbits 
when given either alone or in combination with somatic 
antigens, It was recently tested®® for its ability to stimulate 
mucosal immunity in humans; a single oral administration sti- 
mulated a marked local secretory IgA antibody response in 80% 
of the recipients. The response was comparable to that evoked in 
cholera patients by the natural disease’. In further studies, two 
oral immunizations with a mixture of B subunit and whole-cell 
vaccine have produced secretory IgA antibody responses in 
intestine both to the toxin and the bacterial cell-wall lipopoly- 
saccharide antigens in almost all people vaccinated®’. These 
results are promising but protective efficacy of an oral combined 
B subunit-whole cell vaccine in people living in areas in which 
cholera is endemic will require evaluation by field trials. The 
production of sufficient amounts of B subunit should not pose 
any problem, due to the recent development of affinity chroma- 
tography purification using a Gm: column®. 

Genetic methods may also supply V. cholerae strains which 
selectively lack the gene for the ‘toxic’ A subunit. By retaining 
the ability to colonize the intestine and produce immunogenic B 
subunit, such strains could be useful as live oral cholera vaccines. 
It must be borne in mind, however, that any living vaccine of this 
sort will require thorough testing for stability, and lack of side 
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effects before it can be used in humans. In that respect it is 
disappointing that the first such V. cholerae strain (Texas star)”, 
produced diarrhoea (although usually very mild) in about 20% 
of recipient American volunteers in spite of producing no 
detectable holotoxin when grown in vitro”. 


Receptor-specific interference with toxin 
binding 

The second rational approach to cholera prophylaxis is based on 
the identification of Gm: as the toxin receptor. In theory, the oral 
administration of large amounts of Gw: or a structural analogue 
could be used to prevent binding of the toxin to cell receptors. 
Alternatively, cell receptors could be blocked by the nontoxic B 
subunit. 

Development of cholera was prevented by giving Gw: to 
rabbits”, but for prophylactic medical use, enough G,,, would 
have to be given to ensure an excess in relation to the amount of 
toxin produced by the cholera vibrios in the gut. Most clinical 
isolates of V. cholerae produce considerably less than 1 wg ml! 
of cholera toxin when grown in vitro, and toxin concentrations in 
diarrhoeal fluid of patients have not been found to exceed 0.2 pe 
ml”? (refs 71, 116). Assuming a daily production of ~10 nmol of 
cholera toxin in ~5 1 of small intestinal juice, neutralization of 
the toxin should be accomplished by a similar amount of Gwn. To 
avoid the incorporation of oral Gyn into intestinal cells, which 
would increase their susceptibility to cholera”, the toxin could 
be adsorbed onto medical charcoal”, or covalently coupled 
to cellulose powder, for example (L. Svennerhoim ef al, in 
preparation). 

As Gm: cannot deactivate toxin that has already bound to the 
intestine, it would be expected to have a preventive rather than a 
curative effect. However, in a recent clinical trial the amount of 
Gmı-charcoal that completely bound the free, luminal 
V. cholerae enterotoxin also reduced purging in the early stage 
of disease’’. The most likely explanation fer this observation is 
that, because of the constant and rapid regeneration of 
gastrointestinal cells, there are always new cells available to bind 
cholera toxin or to be protected by an agent that binds the toxin. 
This is probably the first instance in which a specific receptor has 
been used to interfere with an infectious disease. However, it 
should be emphasized that the observed effect of G,,;—charceal 
was too transient and incomplete to be practically useful; rather, 
Gm: given orally would possibly be useful for prophylaxis in 
high-risk groups such as family contacts of cholera patients. 

As the B subunit of cholera toxin binds tightly to Gui recep- 
tors but has no toxic activity, it might be pessible to block the 
intestinal receptors by occupying them with purified B subunit 
protomer. It has been shown that pretreatment of the gut of 
rabbits with 0.5 ug of B subunit per cm completely protected the 
animals from experimental cholera after challenge with high 
doses of active cholera toxin’*’”*-”*, A humamtrial is conceivable 
now that it is technically possible to prepare purified B subunit in 
sufficient quantities™; as little as ~100 ug of B subunit could 
theoretically block all available receptors, based on the deter- 
mination of amounts of Gm: in human intestinal epithelium”. B 
subunit is both safe and specific, and might prevent mani- 
festation of disease while inducing local antitoxic immunity and 
allowing the infection to elicit an antibacterial immune 
response. In contrast to prophylactic Gmi, B subunit would also 
block toxin which is secreted in close proximity to the microvilli. 


Antisecretory drugs 

The third approach, intended for therapy rather than prophy!- 
axis, aims at specifically reversing the toxic action after the 
cholera toxin has become bound to the intestinal cells. During 
the past decade oral hydration therapy by means of appropriate 
glucose-electrolyte solutions has greatly simplified the treat- 
ment of dehydrating diarrhoea, making effective therapy feasi- 
ble in situations where intravenous treatment facilities are 
limited or unavailable’*’*. This treatment takes advantage of 
the presence of an uptake mechanism for sodium in conjunction 
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with certain organic solutes, including glucose, which is not 
regulated by cyclic nucleotides and thus is unaffected in cholera 
and other forms of enterotoxic diarrhoea”. In patients with mild 
or moderate dehydration the success rate with oral therapy is 
very high, usually more than 90% . However, in severely affected 
patients purging often occurs at such a high rate that balance 
cannot be maintained by oral fluid only, and intravenous 
replacement of fluid is essential for survival. Drugs that could 
reduce the rate of fluid loss in the severe dehydrating diarrhoeal 
diseases would obviate the need for much intravenous therapy 
and thus could play an important part in the management of 
severe diarrhoea. Such antisecretory drugs would need a high 
therapeutic index so that they could be used without extensive 
medical supervision, and they would have to be compatible with 
oral fluid therapy. 

Based on present understanding of the biochemical events 
initiated by cholera toxin, possibilities for specific intervention 
include: (1) prevention of entry of A subunit (although not 
clinically useful as this event occurs before the onset of 
symptoms); (2) use of purines and their analogues to alter the 
NADase action of cholera toxin; (3) use of alternative acceptors, 
such as arginine or imidazoles, for the ADP-ribose generated by 
the toxin; (4) reversal of the ADP-ribose~adenylate cyclase 
association; and (5) removal of ADP-ribose by a specific ADP- 
ribosidase. While some of these approaches have reversed the 
action of cholera toxin in vitro in broken cell systems, kinetic and 
other considerations make the likelihood of success of inhibiting 
this stage of the secretory process in vivo extremely remote”®. 

There seem to be considerably greater opportunities for 
inhibiting the action of cholera toxin subsequent to the ADP 
ribosylation step by interfering with cyclic AMP formation or 
metabolism, or by modulating  electrolyte-translocating 
mechanisms of the intestinal membrane. Several drugs have 
been found to inhibit secretion induced by cholera toxin in 
experimental animals, for example, chlorpromazine” and 
certain related compounds*’, nicotinic acid*’, aspirin®’, 
indomethacin", ethacrynic acid®*, propranolol®’, lidocaine®® 
and berberine'”” (for review see ref. 118). Chlorpromazine is the 
best studied of these drugs. In mice, treatment intramuscularly 
or enterally with 1-4 mg of chlorpromazine per kg body weight 
completely inhibited the intestinal secretion caused by cholera 
toxin, Escherichia coli LT, prostaglandin E, or dibutyryl cyclic 
AMP”. In similar doses, chlorpromazine reversed fluid loss in 
piglets with enterotoxinogenic E. coli diarrhoea®’. In adult 
patients with severe cholera, treatment with chlorpromazine 
either perorally or intramuscularly, in a single dose of 1 or 4 mg 
per kg, rapidly and drastically reduced the purging volumes by 
~65% (ref. 88). The patients became mildly sedated, were more 
comfortable, and had no nausea or vomiting. A follow-up 
clinical trial has shown that treatment of children with 1 mg per 
kg chlorpromazine increased the success rate of oral hydration 
therapy in patients with severe cholera®’. 

The mechanism of antisecretory action of chlorpromazine is 
not fully known; however, it does seem to be confined to the 
intestinal epithelium”’°°*'. Chlorpromazine was selected for 
testing because of its ability to inhibit hormonal stimulation of 
cyclic AMP formation in various tissues’*°*; both the cholera 
toxin- and fluoride-stimulated adenylate cyclase activities of the 
intestinal mucosal membrane of chlorpromazine-treated mice 
are suppressed’, However, the activity of the protein kinase of 
mucosal membranes is also reduced, suggesting multiple effects 
of chlorpromazine”’. In the brain, chlorpromazine and other 
phenothiazines are known to inactivate calmodulin and to 
interfere with transfer of calcium across the nerve-cell 
membrane”; if these effects occur in the intestine, they could 
lead to inhibition of secretion”'''*. The action of chlorproma- 
zine on calmodulin could possibly be linked to an inhibitory 
effect on adenylate cyclase. 


Perspective oe 
It has been estimated that each year about 1,000 million 


episodes of acute diarrhoea occur in children under 5 years of 





age in Asia, Africa and Latin America, resulting in 5 million 
deaths. In many developing countries one-third to one-half of 
infant mortality can be attributed to diarrhoeal diseases, Even in 
the older age groups diarrhoeal episodes are frequent causes of 
severe illness and death®*™, 
Cholera is not the most prevalent of the diarrhoeal diseases, 
but it causes the most severe fluid loss and thus is responsible for 
a large proportion of life-threatening illness and death during 
the cholera season in endemic areas. Furthermore, research 
during the past decade has also made it clear that cholera is a 
prototype of diarrhoeal diseases caused by other enterotoxin- 
producing bacteria, especially E. coli”. Taken together, the 
enterotoxic enteropathies probably account for at least one-half 
of dehydrating diarrhoeal illnesses. Knowledge of the structure 
and function of cholera toxin has been the main stimulus and 
provided guidelines for recent research in elucidating the 
aetiology and pathogenesis of these related diarrhoeas. Diag- 
nostic assays for E. coli LT based on toxin-induced cyclic AMP 
manifestations in animals or cell lines’*”°, or more recently, on 
immunological” or receptor-immunological methods’ are 
based on similar methods for cholera toxin. 
Although clean water supplies and safe disposal of human 
sewage would effect a dramatic reduction in cholera and other 
diarrhoeal disease, these two goals cannot be achieved in many 
areas for decades. If effective vaccines could be developed, they 
would no doubt be important components of national control 
programmes against diarrhoeal disease. The same holds true for 
drugs that could prevent or reduce fluid loss in enteric infections 
and thus alleviate the need for intravenous treatment, 
Here I have described some theoretically possible approaches 
to counteract cholera toxin by immunological or pharmacologi- 
cal means. While each of these methods have been effective 
against cholera in animal studies, and, to the limited extent to 
which they have been tested, have also given promising results in 
man, much more research is needed to define their place, if any, 
in future prophylaxis and treatment of cholera. They should be 
regarded merely as starting points for further development. For 
example, in relation to vaccine development there is a need for 
better understanding of factors regulating the magnitude and 
duration of intestinal antitoxic as well as antibacterial immunity. 
With regard to receptor-prophylactic agents, basic research 
should be directed to identify specific binding or blocking agents 
for cholera vibrios which might cooperate synergistically with 
those for toxin. In the case of antisecretory agents, the aim 
should be to find drugs which effectively depress secretion but 
lack the sedative action of chlorpromazine. However, it is 
gratifying that cholera toxin research has now reached the stage 
where rational counteractive methods can be both formulated 
on the basic molecular knowledge, and, most importantly, be 
evaluated in controlled clinical and field trials. 
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THE accretion of kilometre-sized asteroids to the Earth must 
have a significant impact on the terrestrial ecosystem. Such 
encounters have been a stochastic source of stress to the bio- 
sphere, influencing evolution and extinction rates. Recent dis- 
coveries of Ir (ref. 1) and other extraterrestrial siderophiles'™* in 
sediments at the 65-Myr-old Cretaceous-Tertiary boundary 
have supported the hypothesis that encounters of sufficient 
magnitude can lead to the simultaneous extinction of many 
species. These discoveries have also illustrated that at least some 
types of encounters deposit a measurable geochemical signal in 
the sedimentary record. 

If the Earth accreted a massive body at the end of the 
Cretaceous 65-Myr ago, then other bodies of similar size should 
have left their signatures elsewhere in the geological record. 
From relationships given by Grieve and Dence* and an assumed 
mean impact velocity of 20 km s”' we calculate the relationship 
N =6.7 x107 r7? where N is the cumulative number of bodies 
impacting the Earth each year and r (in km) is the radius of the 
body. This relationship indicates that ~43 bodies should have 
impacted the Earth since the Cretaceous. Wetherill® gives a 
similar estimate. This relationship is based on crater counts, and 
if preimpact breakup occurs in an appreciable fraction of the 
cases, the impact rate could be higher’. 

A logical step in establishing the link between major changes 
in the terrestrial environment and the accretion of kilometre- 
sized bodies is to find and characterize other sediments having 
enhanced concentrations of noble metals. In this article we 
report our first success, the discovery a large enhancement of 
noble metals near the Pliocene—Pleistocene boundary in an 
Antarctic Ocean deep-sea core. Core USNS Eltanin 13-3 was 
selected because Crocket and Kuo? found Ir concentrations in 
one 210-cm long section that were three times higher than those 
in other sections from the same core. It was also intriguing that 
the base of this 210-cm unit was associated with radiolarian 
extinctions, geomagnetic reversals, and climatic change’. 


Experimental results 


Eltanin core 13-3 is a muddy diatomaceous ooze collected in 
1964 at a depth of 5,090 m at 57° 00'S and 89° 29’ W. It has 
been heavily sampled and is dried out in some areas. In the 
region of interest (780-800 cm) it contains ~65% diatoms and 
radiolaria and 30% clay with ~5% quartz, heavy minerals and 
trace Mn micronodules. It consists of a pale brown ooze with 
strings or sedimentary clasts of pale orange diatomaceous ooze. 
The sedimentation rate as determined by palaeomagnetic stra- 
tigraphy is approximately constant at 3.3 um yr‘ (refs 8,9). A 
total of 71 samples, each 3-4 cm in length were taken for a 
continuous section from 645 to 875 cm, extending from 10 cm 
above to 10 cm below the interval in which Crocket and Kuo? 
found the noble-metal enhancement. Two additional control 
samples were taken from 551-553 and 946-948 cm. Samples of 
150-200 mg were irradiated for 60 h at 10'* neutrons cem? 5”! 
and analysed by instrumental neutron activation analysis 
(INAA); results are listed in Table 1. Iridium was the only noble 
metal that could be determined; the control samples and those in 
the ranges 645-771 and 797-875 mm were below our detection 
limit of 0.5 ng per g. On discovery of high Ir (1-9 ng per g) levels 
in samples from the 771-797 cm level, another 14 samples 
(600-750 mg) were irradiated for 3h at a flux at 2 10° neu- 
trons cm~? s7' in the UCLA reactor and Au and Ir were 
determined by radiochemical neutron activation analysis 
{(RNAA) using the procedure described previously’. 

Our RNAA analyses on a second set of samples were carried 
out to confirm the Ir anomaly and to measure Au concentrations 
in this horizon (Table 1). We also attempted to analyse for Os, 
Pt, Pd and Re in two samples, but because of the low neutron 
flux and low noble metal concentrations we obtained only upper 
limits with Cl-chondrite-normalized element/Ir ratios >2. 
These are not diagnostic for distinguishing between chondrite 
groups, but we plan to determine these elements in another 
experiment. Poor chemical yields caused significant errors on a 
few Ir data, but in general there was a good correlation between 


Au and Ir. Our background Ir values agree well with the value of 
0.20 ng per g determined by Crocket and Kuo”; our background 
Au value of ~0.32 ng per g is about half their value. We cannot 
readily explain this discrepancy. Our RNAA and INAA Ir 
values often differed by as much as a factor of 2. As discussed 
below, these discrepancies probably reflect sample inhomo- 
geneity rather than analytical problems. The band proved wider 
in the RNAA section than anticipated on the basis of the initial 
INAA survey. Later, in longer counts an Ir concentration of 
2.3 ng per g was found in another sample (35) which may extend 
the enriched layer another 7 cm above the RNAA data set. 

Because the sample sizes were about four times larger we have 
greater confidence in our RNAA data. Figure 1 shows the 
RNAA Ir and Au concentrations in the peak and in several 
background samples. Using a background of 0.20 and 0.32 ng 
per g for Ir and Au, respectively, and a bulk dry density of the 
sediment of 2gcm™*, the net Ir and Au fluences integrated 
across the horizon are 100 and 63 ngem”, respectively. The 
resulting Au/Ir mass ratio of 0.6 is higher than that in all groups 
of chondrites except the EH (formerly designated E4 and E5) 
enstatite chondrites'®. 

By chance, two large (1.5-2,0 mm) grains of Ir-rich material 
were found in INAA sample 42. Together with a minor amount 
of adhering clay they weighed 4 mg. Their Ir concentration was 
160 ng per g, accounting for ~40% of the total Ir in this sample. 
In polished section these grains were observed to be highly 
vesicular (~50%) with a finely microcrystalline texture. This 
consisted of equant, ~10 um euhedral silicates in a silicate 
matrix containing a sparse submicrometre opaque phase. Qual- 
itative analysis by electron microprobe indicated that the sili- 
cates were zoned Ni-bearing olivine in a Ca, Al, Si-rich matrix. 

It seems that these materials correspond to the olivine- 
magnetite-glass assemblage typical of cosmic spherules and 
debris produced by the laboratory ablation of chondrites''. 
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Fig. 1 Concentrations of Ir and Au in Eltanin core 13-3. Back- 
ground levels (shown by horizontal lines) are 0.20 ng per g Ir and 
0.32 ng per g Au; maximum concentrations in the peak in the depth 
range 765-800 cm are ~25 times the background levels. The 
integrated flux of Ir is 100 ng cm”, of Au 63 ng em”. The ob- 
served Au/Ir ratio is similar to values in EH enstatite chondrites. 
The 70% uncertainty limits are shown for three of the lowest Ir 
values are examples of the precision at these levels. More exact 
information regarding the precision is given in Table 1. 
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Table 1 Concentrations of Ir and Au measured at various depths of 
Eltanin core 13-3 





\ INAA RNAA 
Depth Ir Ir Au 
Sample (cm) (ng per g) (ng per g) (ng per g) 
1-25 645-731 <0.5 = = 
27 731-734 <0.5 0.33* 0.35 
28-34 734-757 <0.5 a — 
35 757-760 2.3 — — 
36 760-764 <0.5 a = 
37 764-767 <0.5 0.88 1.36 
38 767-171 <0,6 2.5 1.03 
39 771-774 1.2 2.3 0.98 
40 714-777 2.0 3.5* 1.6 
41 777-181 6.7 1.2 0.42 
42 781-784 10 4.7 6.6 
43 784-787 1.4 1.8 1.39 
44 787-790 1.3 3,4* 3.3 
45 790-793 1.3 3.1 1.05 
46 793-797 1.4 33 4.8 
47 797-800 <0.5 0.21* 0.28 
48 800-804 <0.5 0.83¢ 0.32 
49-57 804-832 <0.5 a E 
58 832-835 <0.5 0.11° 0.31 
59-71 835-875 <0.5 — — 





Relative uncertainty limits are + < 10% except as indicated. 
* 70% confidence limits +10-19%. 
t70% confidence limits +20-39%. 
470% confidence limits +40-79%. 


Their texture, equant olivine grains set in a vesicular matrix, is 
found in cosmic spherules separated from sea sediments, but is 
less common than textures such as barred olivine or platy 
brickwork!', A >147-um sieve fraction of another 1g of sample 
42 contained a 1-mm particle with similar petrographic proper- 
ties and four others in the size range 0.2-0.5 mm. The sample 
heterogeneity mentioned above is probably the result of statis- 
tical fluctuations in the number of large grains of chondritic 
debris through the section. 

Only one particle was roughly spherical in outline, the rest 
having irregular shapes. All particles had severely etched rims, 
with only their cores retaining an apparently unaltered texture. 
The obvious dissolution of particle rims may have resulted in a 
post-depositional redistribution of a fraction of the noble metals 
in the horizon. Our observed concentrations of 23 mgcm™* 
chondritic debris contrasts with typical influxes of ablation 
debris of ‘cosmic spherules’ >0.2 mm of 30 ng cm™* based on a 
worldwide accretion rate of 90tons yr™’ (ref. 12) and the 
reported sedimentation rate. 


Discussion 

There seems little doubt that the noble metals in our Antarctic 
Ocean core are of extraterrestrial origin, as indicated by their 
roughly chondritic Au/Ir ratios, and by the remarkably high 
concentration of chondritic debris. This debris reaches concen- 
trations about five orders of magnitude higher than expected in 
sediment having the observed sedimentation rate. The observed 
particles have petrographic textures of a rare type regularly 
observed in typical collections of cosmic spherules. 

We interpret this horizon as resulting from a single, 
accretionary event. Presently available information does not 
allow us to distinguish between oceanic impact and atmospheric 
ablation as the source of these materials, but similarities of the 
large ‘spherules’ to materials produced in artificial ablation 
experiments’? suggests that they were produced by atmospheric 
ablation of asteroidal or cometary material. Total breakup 
above the solid or liquid surface of the Earth apparently requires 
that the material be highly friable as is inferred to be the case for 
some cometary materials. Microtektites have not been found in 
sieved samples of our horizon and thus are much less abundant 
than ‘ablation’ debris. This probably indicates that at most a 
minor fraction of the noble metal enhancement can be asso- 
ciated with crater ejecta. 


The integrated flux of 80-100 ng Ir cem” is ~0.15 gem” 
H,O-free CI material or an initial horizon ~0.5 mm thick. We 
suspect that bioturbation has spread out an intitially thin, 
concentrated horizon, although this is difficult to confirm 
observationally in such an old, heavily sampled core. The 30- 
40 cm thickness of the enriched layer is similar to thicknesses of 
microtektite horizons'* and to bioturbation mixing lengths 
inferred in core E13-3 in palaeontological studies’*. Rapidly 
deposited horizons of this type might, in fact, provide interesting 
markers for estimating effects of bioturbation and of trace- 
element transport during diagenesis. 

The 80-100 ng Ir cm™ in this horizon is similar to the maxi- 
mum reported for the Cretaceous-Tertiary boundary at various 
European sites'?*. Thus, if this horizon is worldwide, the mass 
of accreted chondritic matter is comparable with that of the 
Cretaceous—Tertiary materials. However, the high abundance 
of millimetre-sized ablation (or impact) debris suggests that the 
site of this core is near the location where the meteoroid entered 
the atmosphere and/or impacted with the surface of the ocean, 
thus the fluence at distant locations may be significantly lower. 

The late Pliocene noble-metal-enrichment is probably not too 
localized, otherwise it would probably not have been discovered 
in the few cores analysed by Crocket and Kuo’. A major event 
showering debris over a wide area is a much more likely 
mechanism for producing discoverable concentrations of this 
magnitude. Considering that the proposed 0.5 mm-thick 
horizon was deposited after settling through 5 km of water, and 
the differential settling times of the particles (~8 h for 2 mm 
compared with ~11h for 1 mm diameters) in currents which 
today are ~0.7 km h™ (ref. 16) would spread this debris over a 
very large area even if it originated from a point source. We 
propose a minimum projectile diameter of 20m, enough 
material to produce similar enrichments over only 10 km’. We 
suspect that it must have been significantly larger. 

Crocket and Kuo’ found no Ir enhancement at the same time 
range in core Eltanin 17-10 that was collected ~2,800 km away. 


Their sample containing the corresponding time interval, 


however, covers a depth range 800-1,400 cm, nearly three times 
longer than that in 13-3. For this reason their negative result 
may not be significant. Additionally, palaeomagnetic studies 
indicate that the horizon would be near the base of the sampled 
interval and might even overlap into the next interval (1,400- 
1,585 cm) which has slightly higher Ir (0.42 ng per g). 

In contrast to noble metal-enriched sediments at the 
Cretaceous-Tertiary boundary, there is no major palaco- 
environmental crisis associated with this noble metal horizon, 
Hayes and Opdyke’ report that radiolarian species vary with 
depth in core 13-3, but no dramatic change is associated with the 
peak in Ir concentrations at the 770-800 cm depth. In contrast 
to the Cretaceous—Tertiary boundary, the nearby Pliocene- 
Pleistocene boundary does not represent a major biostrati- 
graphic hiatus. Definition of the base of the Pleistocene is now 
generally accepted as the base of the Calabrian stage in the type 
section at La Castella, Italy, dated at ~1.8 Myr (refs 17, 18). 
Earlier attempts to define this boundary based on the onset of 
glaciation (continental or polar) resulted in proposed boun- 
daries ranging in age from 0.5 to 4 Myr (ref. 18); major coolin, 
occurred as early as 4.0 Myr (ref. 17). Palaeomagnetic evidence 
indicates that our horizon oceurs at ~2.3 Myr. If, in fact, this 
horizon proves to be worldwide it is an important marker bed for 
late Pliocene stratigraphy, and might warrant use as the Plio— 
Pleistocene boundary. ` ` 

“Clearly it is important to extend our studies to sediments of 
the same ägo from other localities. Although our best projection 
based on the available facts is that notte morat neta Ons at 
distant locations will be less than those in core 13-3, we do 
expect to find that the horizon covers a significant fraction ofthe 
Earth. Additionally, the discovery of a second significant 
horizon during the most recent 65 Myr of Earth history suggests 
that we can find others of similar magnitude throughout the 
Cenozoic. If so, this will lead to major improvements both in our 
knowledge regarding the flux of large bodies to the Earth and in 
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our ability to correlate marine sediments from widely separated 
locations. 

If this horizon does prove to be worldwide in extent, the 
absence of major extinctions associated with this late Pliocene 
event becomes an important fact bearing on models explaining 
the massive Cretaceous-Tertiary extinctions in terms of 
environmental effects associated with a major influx of extra- 
terrestrial matter. 
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Controls of RNA splicing and termination in the 
major late adenovirus transcription unit 


Goran Akusjarvi & Hakan Persson 
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The major late adenovirus promoter is active early after infection, selectively producing messenger RNAs coding for 
polypeptides with molecular weights of 55,000, 52,000 and 14,000. This selective expression suggests that a differential 
splicing pattern occurs at the transition from early to late viral gene expression. Activation of the late promoter and splicing of 
the 55, 52K mRNAs does not require newly synthesized virus polypeptides. 





TRANSCRIPTION from the adenovirus genome late in infection 
initiates predominantly at the promoter located at map coor- 
dinate 16.3 (ref. 1) and proceeds in a rightward direction for 
about 28,000 base pairs (bp)’. This long viral transcript is 
processed into five families of messenger RNAs (mRNAs), each 
family having co-terminal 3’ ends** (L1-L5, Fig. 1A) and each 
mRNA containing a tripartite leader, encoded at coordinates 
16.6, 19.6 and 26, spliced onto the body of the mRNA®”’. The 
genes for two low-molecular-weight RNAs (VA RNA, and VA 
RNAn), transcribed by RNA polymerase III, have been located 
close to coordinate 30 on the viral genome*®. Three mRNA 
species, originating from the major late transcription unit, have 
been mapped by electron microscopy in the vicinity of the VA 
RNA genes’ (Fig. 1A). 

The lytic cycle of adenovirus infection is divided into two 
functionally distinct phases, the early phase preceding and the 
late phase beginning with the onset of virus DNA replication. It 
has been assumed that the major late transcription unit is 
activated at the shift from early to late phase. However, a low 
level of rightward-reading transcripts proximal to the late 
promoter has been detected in the nuclei of early infected 
cells'’, and truncated cytoplasmic RNAs originating from the 
late promoter have also been found early in the infectious cycle 
by electron microscopy'*'*. Transcription studies using purified 
restriction fragments carrying the major late promoter suggest 
that virus-specific components are not necessary for initiation at 
this promoter site, at least in vitro'*"°, We now demonstrate that 
the major late transcription unit is active at early times of 
infection, producing selected transcripts. This indicates a novel, 
virus-regulated abundance control of mRNA production... 


Viral RNAs from region L1 

To study the expression of RNAs from the major late tran- 
scription unit, we first determined the structure of the r strand- 
specific RNAs encoded in region L1. Cytoplasmic RNA pre- 
pared late after adenovirus type 2 (Ad2) infection was hybri- 
dized to the entire viral DNA and treated with S, endonuclease. 
The §,-resistant hybrids were separated on an alkaline agarose 
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gel and subsequently transferred to a nitrocellulose filter. 
Hybridization of the filter to a *’P-labelled probe specific for 
region L1 (Fig. 2) shows that five major RNA species (Fig. 1B, 
lanes a-e) had been present in the cytoplasmic RNA pre- 
paration. Species b, c and e have previously been identified by 
electron microscopy‘. The S, analysis revealed two novel spe- 
cies, a and d. The length of species a suggests that it represents a 
co-linear transcript of the DNA template from the third leader 
segment up to the poly(A) addition site at position 38.5 (ref. 3). 
Late viral cytoplasmic RNA was selected by hybridization to a 
BamHI-HindIll fragment specific for region Li. The selected 
RNA was then used to determine the structure of region L1 
RNAs. The RNA was first hybridized to the HindIII-B frag- 
ment’® of the viral DNA (coordinates 17.0-31.5), **P-labelled 
by nick translation followed by S, endonuclease treatment’, 
This analysis revealed two major protected species, 520 and 440 
nucleotides long (Fig. 2B, lane a). Further mapping of protected 
fragments showed that VA RNA, VA RNA, and a 200- 
nucleotide read through product of the VA RNA, gene (V290)"* 
were present in the selected RNA. In the same way, the bands of 
73 and 89 nucleotides were shown to correspond to the second 
and third segments of the common tripartite leader’’*". The 
presence of the leader segments in the RNA species which 
protect fragments of sizes 520 and 440 nucleotides implies that 
the common tripartite leader is spliced onto their 5’ end and that 
they originate from the major late transcription unit®’. When 
the HindIII-B fragment was protected with the selected RNA, 
digested with S,, the *’P-labelled BamHI-HindIll probe 
hybridized to a 520-nucleotide band, but not to one of 440 
nucleotides (data not shown). This demonstrates that the body 
of the RNA species extends 520 nucleotides into the HindIII-B 
fragment, and that the 440-nucleotide fragment is encoded 
elsewhere on the genome (see below). 


Recognition signals for splicing coincide with 
sites for termination of RNA polymerase ITI 


To map the leader—body splice junction at the nucleotide level, 
we used a modification of the original Berk and Sharp $; 
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method". The **P-labelled HindIII-B fragment was cleaved 
with a restriction endonuclease, before hybridization to RNA. If 
a complementary RNA molecule extends across the restriction 
enzyme cleavage site, subsequent $, analysis will reveal two 
protected DNA fragments, which will add up to the length of the 
protected fragment obtained without cleavage. 

Cytoplasmic RNA selected by hybridization to the BamHI- 
HindIII fragment was used for this analysis. Figure 1C shows 
the cleavage sites for restriction enzymes used to cleave the 
Hindill-B fragment. -Cleavage with endonuclease Pvull resul- 
ted in the disappearance of the 520-nucleotide band, and the 
appearance of two new bands, 275 and 245 nucleotides long 
(Fig. 2B, lane b). The larger band represents the distance 
between the Puull and HindIll site at coordinate 31.5. There- 
fore, the RNA body extends 245 nucleotides to the left of the 
Pvull site, positioning the leader—body splice site at coordinate 
30.0. Cleavage of the DNA fragment with endonuclease SacI 
(Fig. 2B, lane c) generated three bands of 125 (coordinates 
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Fig. 1 Organization of the adenovirus 2 genome. A, Schematic diagram of 
RNAs originating from the major late transcription unit, The 20 identified 
RNA species are divided into five families (L1~L5), the members of each 
family having a common position for the poly(A) addition sites. The 5’ 
leaders are spliced onto each of the 20 RNA bodies. The i leader found on a 
fraction of the RNAs is shown within brackets. B, Enlargement of region 
16.0-41.0 encoding the major late promoter site at map coordinate 16.3, the 
common 5’ leaders and the L1 3’-co-terminal family. The position of the VA 
RNA genes is shown as well as our revised RNA map for region L1. The 
position of restriction endonuclease cleavage sites relevant to this study are 
also shown. The mRNAs to which we have assigned translation products are 
indicated. C, Enlargement of fragment BamHI~Hindlll encoding the 5’ 
sequences of the 55, 52K mRNA body. The position of restriction 
endonuclease cleavage sites used in this study are indicated. D, The leader- 
body splice. junction of the 55, 52K mRNA. The nucleotide sequence is 
taken from ref. 9 and the numbering is from the BamHI cleavage site at 
position 29.0. Arrows indicate the position of the heterogeneous 3’ end of 
VA RNA,, and the box shows the A-G dinucleotide invariably found at the 
3’ side of intervening sequences”'. The predicted amino-terminal sequence 
of the 55K and 52K polypeptides is also shown. 





Table 1 Early transcription of regions L1, L2 and L3 of the Ad2 genome 





Coordinates Length cpm. in , 
DNA probe Region (kilobases) hybrid Molarity 
31,5-37.3 Li 2.0 240 16 
41.0-50.1 L2 3,2 58 0.15 
§2,6-59.6 L3 1.5 187 Le 





Ad2-infected HeLa cells (500 FFU per cell) were resuspended at $x 10” cells 
per ml at 4h.p.i. The cells were labelled with 500 pCi mi~? of *H-uridine for 
10 min at 37 °C, collected on frozen phosphate-buffered saline and nuclear RNA 
prepared**. Nuclear RNA from an equivalent amount of cells was hybridized to’ 
various Ad2 DNA restriction fragments cloned in the bacterial plasmid pBR322. 
The cloned fragments were adsorbed to nitrocellulose filters and hybridization was 
carried out at 65°C in 6xSSC buffer (1 « SSC is 0.15 M NaCl, 15 mM sodium 
citrate). After hybridization the filters were washed extensively in 2 x SSC buffer 
and treated with pancreatic ribonuclease (20 yg ml”') for 1 h at 37°C. Hybridized 
RNA resistant to the nuclease treatment was measured by liquid scintillation 
counting, Hybridization to filters containing the pBR322 plasmid were used as 
background hybridization. This was in all cases fewer than 20 c.p.m. and has been 
subtracted from each value. The results are the mean from two independent 
experiments. The length in kilobases was calculated from the size of the Ad2 
restriction fragments, assuming that the whole fragments were transcribed. 
Molarity was calculated by dividing the c.p.m. in hybrid by the length of each 
fragment and normalizing to 1.0 for the L1 probe (coordinates 31,5-37,3). 


30.83-31.5), 235 (30.47-30.83) and 118 nucleotides (splice 
junction to 30.37), confirming that the splice junction is located 
at coordinate 30.0. The 5’-end splice site was. confirmed by 5, 
analysis using a 5’-end-labelled DNA probe (Fig. 2C). The band 
corresponding to the entire DNA probe is derived from RNA 
species a and b as they both extend leftward of the BamHI 
cleavage site at coordinate 29.0. 

The genes for the VA RNAs are located close to coordinate 
30 on the viral genome’. An artefactual cutting site may 
therefore be created during the S, analysis through displace- 
ment of the RNA body by VA RNA hybridizing to the same 
DNA template. To exclude this possibility, RNA was selected 
on fragment HindIII-J (coordinates 37.3-41.0), which is located 
outside the genes for the VA RNAs. S, analysis of this RNA 
generated the same pattern of bands as did RNA selected on 
fragment BamHI-HindIII, but the bands corresponding to the 
VA RNAs are missing (Fig. 2B, lane f). This demonstrates that 
the splice site is not due to VA RNAs hybridizing to the DNA 
sequences representing the splice junction. 

Because almost all known splice sites follow the G-T-A-G 
rule*', and because the nucleotide sequence in this region only 
contains one A:G dinucleotide, the site at which the third leader 
segment is spliced on to the RNA body is likely to be located at 
nucleotide 361 in Fig. 1D. The splice site for this RNA species is 
thus separated from the termination signal for VA RNA tran- 
scription” by only 11 nucleotides (Fig. 1D). This compressed 
organization of processing signals suggests that the T-cluster, 
terminating transcription of VA RNAg, also serves as a recog- 
nition signal for the enzyme(s) that cleave and ligate the tri- 
partite leader to the RNA body. 

Using blot hybridization to analyse DNA protected by 
BamHI-Hindill-selected RNA from $, digestion, the total size 
of the RNA body was estimated to be 2,900 nucleotides (not 
shown). From its size and genomic location we conclude that this 
RNA corresponds to RNA species c (coordinates 30.0-38.5) 
from region L1 (Fig. 1B). 


Identification of an additional leader 
segment on region L1 RNAs 


Electron microscopy of RNA-DNA hybrids has shown that a 
fraction of late cytoplasmic RNAs from the L1 co-termination 
family contains an extra leader segment from coordinates 22.0 
to 23.2. The 440-nucleotide band observed by $, analysis may 
correspond to this extra leader segment. 

The origin of this band was studied by the 5$, endonuclease 
assay using RNAs selected by hybridization to the BamHI- 
HindIll fragment. The **P-labelled HindIH-B fragment was 
cleaved with endonuclease Xhol before hybridization to the 
RNA and subsequent S, endonuclease treatment. The 440- 
nucleotide band was absent after this treatment and instead two 
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new bands of 310 and 130 nucleotides were detected (Fig. 2B, 
lane i). A similar analysis using endonuclease Sail (cleavage 
sites 26.0 and 26.6) did not cleave the 440-nucleotide band (Fig. 
2B, lane d). This shows that the 440-nucleotide band is derived 
from sequences located around the Xhol cleavage site at coor- 
dinate 22.0 (Fig. 1B). The size and location of the 440-nucleo- 
tide band suggest that it is identical to the extra leader, desig- 
nated the j leader, previously identified by electron micros- 
copy”. As the RNAs used in the S, analysis were selected on 
DNA fragments outside the ceding region for the i leader, the 
results suggest that it is covalently attached to the RNA mole- 
cules. RNA selected on fragments BamHI-C (coordinates 41.0- 











Fig. 2 S, endonuclease mapping of late adenovirus 
cytoplasmic RNA. A, 10 ug of late cytoplasmic RNA, 
10 yg of tRNA and 2 ug of Ad? DNA were mixed, 
precipitated and dissolved in 10 ul of 50 mM PIPES pH 
6.4, 0.4M NaCi, 1mM EDTA and 80% formamide 
(buffer A). The DNA template was denatured by 
incubating the mixture at 70 °C for 10 min, followed by a 
hybridization for 3h at 57°C. The hybridization was 
terminated by the addition of 400 u! of an ice-cold 
buffer containing 30 mM NaAc pH 4.4, 4 mM ZnSO,, 
0.28 M NaCl, 5 ug of single-stranded calf thymus DNA 
and 5% glycerol. Then 225 units of endonuclease S, 
(Sigma) were added and the reaction mixture further 
incubated for 20 min at 37°C. The S, cleavage was 
terminated by the addition of 50 ul S, stop solution (3 M 
NaAc, 80mM EDTA and 10 ug tRNA) and 800 pl 
ethanol. The precipitated material was collected by 
centrifugation and dissolved in 201 of a buffer 
containing 50 mM NaOH, 1 mM NaOH, 1 mM EDTA, 
2% Ficoll and market dyes, and separated electro- 
phoretically on a 2% alkaline agarose gel™, After elec- 
trophoresis, the gel was soaked in 1 M Tris-HCI pH 7.5, 
0.6M NaCl for 10 min at room temperature and the 
S,-protected fragments transferred to a nitrocellulose 
sheet as described by Southern’, The nitrocellulose 
filter was subsequently hybridized in 6x SSC, 3 x Den- 
hardt and 0.5% SDS for 12 hat 65 °C with a **P-labelled 
recombinant plasmid containing an insert of the 
Hindt-I fragment (coordinates 31.5~37.3) of Ad2 
DNA"®. The filters were washed in 0.2 x SSC, 0.5% SDS 
at room temperature for several hours, followed by a 
15-min incubation at 65°C and additional washes at 
room temperature. The blots were analysed by 
autoradiography at ~70 °C using a DuPont intensifying 
screen. The HindIII fragments of Ad2 DNA run in a 
parallel slot on the agarose gel were used as size 
markers. a-e Relates the 8, protected DNA fragments 
to the LI mRNAs. B, Cytoplasmic RNA (as specified 
below) was mixed with 0.04 wg of a recombinant plas- 
mid containing the HindHI-B fragment (coordinates 
17.0-31.5) of Ad2 DNA‘, *?P-labelled by nick trans- 
lation, The mixture was ethanol precipitated and dis- 
solved in 10 yl of buffer A. The subsequent denatura- 
tion, hybridization and S, endonuclease treatment were 
as described above. The precipitate was dissolved in 
10 wl of a buffer containing 80% formamide, 1 mM 
EDTA and marker dyes. Electrophoretic separation 
was on thin 8% polyacrylamide gels containing 7 M urea 
and the **P-labelled bands were visualized by 
autoradiography. As size markers, °’P-labelled @X174 
DNA, cleaved with endonucleases Haelll and HindII, 
was included in the gel. In lanes b, c, d and i the 
HindI-B clone was cleaved with restriction 
endonucleases before $; treatment. The DNA frag- 
ments were mixed with RNA and processed as described 


above. Lane a, uncleaved DNA; lane b, Peull; lane c, SacI; lane d, Sall; lane i, Xhol-cleaved DNA. The RNA 
used was: in lanes a, b, c, d and i, RNA purified by hybridization selection” on fragment BamHI- HindIII 
(coordinates 29.0-31.5); in lane, e, RNA isolated from ara C-treated cells and selected on fragment BamHI- 
HindIII, in lane f, HindI1-J (coordinates 37.3-41.0) selected RNA; in lane g, BamHI-C (coordinates 42~59.0) 
selected RNA; in lane h, BamHI-A (coordinates 59.0-100) selected RNA. E denotes an endogenous band 
produced during the S, treatment, C, 2 wg of a recombinant plasmid containing the HindIH-B fragment was 
cleaved with restriction endonuclease SacI] and 5'-end labelled using [y-"*PJATP and polynucleotide kinase”. 
The labelled fragments were recleaved with endonuclease BamHI and the 480-base pair BamHI~Sacll fragment 
purified by electrophoresis on a 5% polyacrylamide gel. The **P-labelled fragment was mixed with 3 ug of 
cytoplasmic RNA isolated 20 h.p.i. The subsequent S, analysis was described above. Lane a, -RNA; lane b, 225 
units §,; lane c, 450 units S,; lane d, 625 units S,; lane e, 900 units $,; lane m shows the purine-specific 
sequencing ladder using the same end-labelled fragment. The nucleotide sequence of the relevant part is shown. 
The T-cluster terminating VA RNA, transcription is shown in brackets and the arrow indicates the splice site of 


59.0) and BamHI-A (coordinates 59.0-100) also generated the 
440-nucleotide band after S, analysis (Fig. 2B, lanes g, 4). This 
demonstrates that the / leader is present on at least a fraction of 
RNAs derived from all regions of the major late transcription 
unit. Densitometer tracing of the 520- and 440-nucleotide 
bands (Fig. 2B, lane a) indicates that there are two types of L1 
RNAs, differing with respect to their 5’-leader segments. Type I 
RNAs have the structure ‘leader 1, 2, 3 RNA body’, and 
comprise ~40% of the total population, while type H mRNAs 
have the structure ‘leader 1, 2, i, 3, RNA body’ and comprise 
~60% of the total. The 520-nucleotide long band and the leader 
fragments 2 and 3 were all present in equimolar concentrations. 
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Fig. 3 In vitro translation of 
hybridization selected mRNAs. 
A, Late cytoplasmic Ad2 RNA” 
was purified by hybridization to 
restriction fragments of Ad2 DNA 
immobilized on nitrocellulose 
filters**. The hybridization-selected 
RNAs were translated in a reticulo- 
cyte cell-free system and the 
translation products were analysed 
by SDS-polyacrylamide gel electro- -Ha 
phoresis™ (SDS-PAGE). The gels — I 
were analysed by fluorography. The = 3/55 K 
Hindlll restriction fragments were  LI/52K7 
cloned in the plasmid pBR322'* 
and the hybrid plasmids were used 
for selection. Hybridization to the 
bacterial plasmid, pBR322; was 
used as a control for the specificity 
of selection. The endogenous 
synthesis in the cell-free system is 
shown in slots indicated by -RNA. 
Ad2 denotes here and in sub- 
sequent figures a ™S-methionine- 
labelled Ad2 marker virus. Coor- 
dinates for restriction fragments 
used for hybridization selection are 
shown at the top of the figure. 
Restriction fragments used were as 
follows: Sacl-M and -N (21.6- 
23.1), Sall-BamHI (26.6-29.0), 
BamHI-Hind III (29.0~31.5), 
HindlII-1 (31.5-37.3), BamHI-D 
(29.0-42.0), HindII-D = (41.0- 
50.1). The left panel represents a 
10% polyacrylamide gel and the 
right panels 13% polyacrylamide 
gels. B, Tryptic fingerprint analysis 
of the 55K and 52K polypeptides. 
Messenger RNA selected by 
hybridization to fragment BamHI- 
Hindili (coordinates 29,0-31.5) 
was translated in a reticulocyte cell- 
free system in the presence of *°S- 
methionine. The translation 
products were separated on a 10% 
SDS-polyacrylamide gel and the 
$5K and 52K polypeptides were 
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„excised from the gel. Eluted polypeptides were oxidized with performic acid and digested with TPCK-treated trypsin®’. Tryptic peptides were separated by 
` electrophoresis in the first dimension followed by ascending chromatography in the second dimension. **S-methionine-labelled tryptic peptides were visualized by 


autoradiography. 


Polypeptides encoded in region L1 


To test whether the RNA species encoded in region L1 code for 
polypeptides, late cytoplasmic RNA selected on the BamHI- 
Hind] fragment was used to programme an in vitro translation 
system. The selected RNA directed the synthesis of two poly- 
peptides with molecular weights of 55,000 (55K) and 52,000 
(52K). In addition, the third member of the L1 3’-co-terminal 
family, polypeptide IIIa’, was detected when RNA was selec- 
ted by hybridization to fragment HindIII-I (coordinates 31.7- 
37.3) (Fig. 3A). RNA selected on fragment BamHI-D (coor- 
dinates 29.0-42.0) directed the synthesis of the 55K, 52K and 
HIa polypeptides from region L1 and polypeptide HI from 
region L2 (Fig. 3A), while the L2 polypeptides III, pVII and V 
were detected with RNA selected on fragment HindIH-D 
(coordinates 41.0-50.1). RNA selected on fragment Sall- 
BamHI (coordinates 26.6-29.0) did not yield any polypeptides 
(Fig. 3A). This region is absent in all the LI RNA molecules 
except in species a and b in Fig. 1B. Interestingly, a 14K 
polypeptide was synthesized from RNAs selected by hybridiza- 
tion to all DNA probes covering regions L2-L5 (Fig. 3A). 
Together, these results demonstrate that the 55K and 52K 
polypeptides are encoded by mRNA species c, mapping 
between coordinates 30.0 and 38.5 (Fig. 1B), and that poly- 
peptide Ha is encoded by mRNA species d or e (coordinates 
33.5-38.5). We tentatively assign polypeptide Illa to mRNA 
species e (coordinates 33.5~38.5) based on the enhanced 
accumulation of this species late in infection (see below). RNA 
selected on the viral r-strand directed the synthesis of the 55K 


and 52K polypeptides, confirming that the mRNA is transcribed 
in a rightward direction (not shown). 

The structural relationship between the 55K and the 52K 
polypeptides was investigated by tryptic fingerprint analysis. A 
very similar but not identical set of **S-labelled peptides was 
obtained (Fig. 3B), suggesting that these two polypeptides are 
structurally related. They may therefore be encoded on the same 
mRNA and their size difference may reflect a post-translational 
modification which occurs in vitro, We cannot, however, exclude 
the possibility that the 52K polypeptide is encoded by a minor 
fraction of species c which has an internal splice in the mRNA 
body. 


Presence of the i leader alters the 
translation of the mRNA 


The 55, 52K mRNA was selected by hybridization to fragments 
SacI-M and -N (coordinates 21.6-23.1) which cover the region 
of the genome encoding the / leader (not shown). This result is 
expected because around 60% of the 55, 52K mRNA has the 
structure ‘leader 1, 2, 4, 3, RNA body’. However, cell-free 
translation with Sacl-M- and -N-selected mRNA did not result 
in the synthesis of the 55K and 52K polypeptides (Fig. 3A), but 
instead, produced a 14K polypeptide; this suggests that mRNA 
species containing the 7 leader do not translate the body of their 
mRNA sequences. Because eukaryotic ribosomes usually initi- 
ate translation at the AUG codon closest to the 5’-end”’ of the 
mRNA, the results suggest that an AUG triplet is encoded 
within the 7 leader itself. Late cytoplasmic RNA selected on 
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DNA fragments distinct from the i leader but covering regions 
L2-L5, followed by in vitro translation, also resulted in the 
synthesis of the 14K polypeptide (Fig. 3A). A fraction of these 
L2-L5 mRNAs contain the / leader, suggesting that the 14K 
polypeptide is encoded within the i leader itself. Late cyto- 
plasmic RNA selected on DNA fragments covering region L1 
showed very little synthesis of the 14K polypeptide. However, 
this polypeptide was detected when the region L1 RNA was 
prepared from cells maintained in the presence of cytosine 
arabinoside (ara C) (Fig. 5B). Most of the L1 mRNAs prepared 
from ara C-treated cells contain the i leader, in contrast to 
mRNAs prepared from untreated cells, where only a fraction of 
the L1 mRNAs contain this leader’. Thus, our inability to 
detect the 14K polypeptide among the translation products 
specified by late RNA selected on fragments covering region L1 
may simply reflect a low quantity of RNA containing the i 
leader. Rigorous proof for the theory that the / leader encodes a 
14K polypeptide will become available when the DNA 
sequence has been determined; this is in progress. 


An abundance control for late 
mRNA production 


The temporal appearance of mRNAs from region L1 was 
studied by S, nuclease analysis of poly(A)-containing cyto- 
plasmic RNAs isolated 7, 16, 20 and 30 h post-infection (h.p.i.) 
(Fig. 4). At 7 hup.i, the 55, 52K mRNA (species c, Fig. 1B) was 
abundant and species d and e barely detectable. Species a, b, d 
and e began to accumulate at late times (16 and 20 h.p.i.). 
Species e accumulated progressively during infection, becoming 
the predominant mRNA from Li at 30 h.p.i., while the amount 
of species d increased markedly to 16 h.p.i. and then declined. 
Species a and b remained at a constant level after reaching 
maximal accumulation. The origin of band x has not been 
further characterized, as it was not detected in all RNA pre- 
parations. The mechanism which regulates the changes in the L1 
mRNA pattern during virus infection is not understood. One 
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Fig. 4 Demonstration of an abundance control by S, endonuclease blot 
analysis. 2 pg of Ad2 DNA, 5 ug of oligo-d(T)-selected cytoplasmic mRNA 
isolated at 7, 16, 20 or 24 h.p.i, and 15 ug of tRNA were mixed, precipitated 
and dissolved in 10 jl of buffer A. The hybridized RNA was analysed by the 
S, blot assay described for Fig. 2A using a “*P-labelled recombinant plasmid 
containing the HindII]-1 fragment (coordinates 31,5-37.3) of Ad2 DNA asa 
probe, a-e Relates the S, protected DNA fragments to the LI mRNAs (Fig. 
1B). Numbers at the tops of the slots indicate h.p.i. 
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Fig. 5 Analysis of cytoplasmic RNA isolated from cells maintained in the 
presence of metabolic inhibitors. A, 10 ug of cytoplasmic RNA (specified 
below), 10 yg of tRNA and 2 ug of Ad2 DNA were mixed, precipitated and 
analysed by the S, blot technique described in Fig. 2 legend. Subsequent 
hybridization was with **P-labelled recombinant plasmids containing inserts 
of fragment HindIII-I (coordinates 31.5-37.3) (region L1), HindILI-D 
(coordinates 41.0-50.1) (region L2) and a 680-bp cDNA insert mapping 
between coordinates 58.8 and 60.7 (region L3). The RNA samples used are: 
lanes a, e and g, control RNA isolated from cells 16 h.p.i.; lanes b, f and A, 
RNA prepared from cells maintained in the presence of ara C (25 ug mi~!) 
from 1 to 16h.p.i. RNA isolated from cells treated with puromycin (100 uM) 
or anisomycin (100 uM) from the time of infection to 7 h.p.i. are shown in 
lanes c and d. The HindIII fragments of Ad2 DNA run in a parallel slot on 
the agarose gel were used as size markers. a-e Relates the S, protected DNA 
fragments to the L1 mRNAs (Fig. 1B). B, Cytoplasmic RNA prepared from 
cells maintained in the presence of ara C (25 yg mi!) from 1 to 16 h.p.i. or 
puromycin (100 uM) from the onset of infection to 7 h.p.i. was selected by 
hybridization to fragment HindII-J (coordinates 37.3-41.0). The selected 
mRNAs were translated in a reticulocyte cell-free system and the in vitro 
synthesized products were analysed by SDS-PAGE. The middle panel 
represents a 10% polyacrylamide gel, the two other panels are 13% poly- 
acrylamide gels. The gels were analysed by fluorography. The RNA used 
for hybridization selection is indicated at the top of the figure. -RNA: 
no RNA added. 


possible explanation is a differential splicing of the nuclear 
precursor transcript at early and late times after infection. 
Alternatively, the temporal appearance of the mRNAs may be 
due to virus-regulated changes in mRNA stability during the 
infectious cycle, 


mRNAs from the major late promoter early 
after adenovirus infection 


Detection of the 55, 52K mRNA as early as 7 h.p.i. suggested 
that the major late promoter is active before the onset of virus 
DNA replication. To confirm this, we examined RNAs 
synthesized in the presence of inhibitors which block virus DNA 
replication. Cytoplasmic RNA, isolated from cells maintained in 
the presence of ara C, was analysed by the S, nuclease assay. 
Hybridization to a DNA fragment specific for region Li 
revealed only species c (Fig. 5A, slot 6). Cytoplasmic RNAs 
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from regions L2 and L3 were not detected in the absence of virus 
DNA replication (Fig. 5A). 

The selective accumulation of mRNA species c early in 
infection was also demonstrated by in vitro translation of RNA 
selected on fragment HindIII-] (coordinates 37.3-41.0), RNA 
isolated from cells treated with ara C yielded the 55K and 52K 
polypeptides and the 14K polypeptide, whereas cytoplasmic 
RNA from untreated cells obtained late in infection directed the 
synthesis of polypeptides III, Ia, 55K and 52K (Fig. 5B). 


Role of newly synthesized viral proteins in 
major late adenovirus promoter activation 


To determine whether virus-specified early proteins are neces- 
sary for activation of the major late promoter, we analysed RNA 
samples prepared from cells maintained in conditions of 
stringent inhibition of protein synthesis’*. Treatment with 
puromycin or anisomycin from the start of the infection still 
resulted in selective accumulation of the 55, 52K mRNA (Fig. 
5A, slots c, d). Furthermore, the 55, 52K mRNA synthesized in 
the absence of virus protein synthesis was functionally active 
when assayed in an in vitro translation system (Fig. 5B). 

The selective expression of the 55, 52K mRNA from the 
major late transcription unit, in the absence of protein synthesis, 
suggests that the activation of the major late promoter, and the 
splicing and polyadenylation of the 55, 52K mRNA, do not 
require newly synthesized viral polypeptides. After completion 
of this study, Lewis and Mathews”? reported similar results 
concerning the synthesis of the 55K and 52K polypeptides. 


Truncated nuclear RNAs accumulate in the 
absence of virus DNA replication 


When virus DNA replication is blocked, cytoplasmic RNAs 
from region L2 and L3 are undetectable. To determine if the 
nuclear precursors of these RNAs were present we examined 
nuclear RNA preparations. 

On S, analysis of nuclear RNA prepared from cells 18 h.p.i. 
and not treated with metabolic inhibitors, all cytoplasmic RNA 
species specific for regions L1, L2 and L3 were detected in 
nuclear RNA preparations, although the relative abundances in 
the nucleus differed from those in the cytoplasm. Nuclear 
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Fig. 6 S, blot analysis of nuclear RNA prepared from cells maintained in 
the presence of metabolic inhibitors. 10 wg of nuclear RNA, 10 pg of tRNA 
and 2 ug of Ad2 DNA were mixed, precipitated and analysed by the S, blot 
technique described in Fig, 2 legend. The nuclear RNA was prepared by the 
method described by Smith et al.” from cells maintained in the presence of 
ara C (25 ug mi™'; lanes 4, f, h) from 1 to 16 h.p.i. and puromycin (100 uM; 
lane c) and anisomycin (100 1M; lane d) from the onset of infection to 
7h.p.i. Nuclear RNA prepared 16h.p.i. from cells grown without any 
metabolic inhibitors was also used (lanes a, e, g). Hybridization was with the 
Li-, L2- and L3-specific probes described in Fig. 5 legend. 
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accumulation seems to be greatest for the longest RNAs from 
each 3’-co-terminal family. The most prominent nuclear RNAs 
accumulated from region L1 were species a and c (Fig. 6, slot a), 
but a cluster of long RNAs, ranging in size from 6,000 to 8,000 
nucleotides, was also detected, probably representing precursor 
molecules originating from the major late transcription unit”. 
Large nuclear RNA species also accumulated from region L2 
(bands of 4,400, 3,800 and 3,300 nucleotides, Fig. 6, slot ¢). 
Region L3 accumulated nuclear RNAs corresponding to the 
4,400- and 3,600-nucleotide long pVI and hexon mRNAs” 
(Fig. 6, slot g). The 4,400-nucleotide band seen with the L2 and 
L3 probes corresponds to the same RNA species, as the pVI 
mRNA from region L3 extends ~300 nucleotides into the 
HindIll-D fragment”. 

Analysis of nuclear RNAs, prepared from cells where virus 
DNA replication was blocked, showed a selective accumulation 
of RNA species a and c from region L1 (Fig. 6, slots 6~d), We 
also detected RNA molecules co-linear with the DNA template 
from the promoter site at coordinate 16.3 up to the poly(A) 
addition site at coordinate 38.5. Similar results were obtained 
when protein synthesis was inhibited with puromycin or 
anisomycin from the start of virus infection. 

Nuclear RNA species from region L2 were barely detectable 
in RNA preparations from cells treated with ara C (Fig. 6, slot f) 
and only the 3,300-nucleotide long RNA species was discerned. 
Nuclear RNA from region L3 was not detected (Fig. 6, slot 4), 
demonstrating that, in the absence of virus DNA replication, 
RNA beyond coordinate 59 does not accumulate. 

To determine the length of the transcript from the major late 
promoter at early times after infection, cells were pulse-labelled 
for 10 min at 4h.p.i. with *"H-uridine and nuclear RNA was 
prepared. The nuclear RNA was hybridized to cloned DNA 
fragments covering different regions of the major late tran- 
scription unit. Table 1 shows that transcripts from region L1 
were 5~10-fold more abundant than from region L2 early in 
infection. However, there was marked hybridization to the 
probe from region L3, probably reflecting the fact that the 
leftward transcript for early region 2 terminates within the 
double-stranded DNA probe used for the L3 region (cited in ref. 
28). The low hybridization to region L2 compared with region 
L1 together with the S, analysis of nuclear RNA suggest that 
transcription terminates within the L2 region at early times of 
infection. Similar results were obtained with pulse-labelled 
RNA from cells treated with anisomycin from the start of virus 
infection (not shown). The length of the transcript from the 
major late promoter early in infection was independently 
determined by Shaw and Ziff’. 


Conclusions 


We have analysed RNAs originating from the major late tran- 
scription units of adenovirus type 2, at different times after 
infection. The results suggest that the shift from the early to the 
late phase of virus replication does not involve activation of the 
major late promoter at map coordinate 16.3. Rather, this 
promoter is already active during the early phase. Furthermore, 
the synthesis of viral polypeptides is not required for its activa- 
tion, as mRNA from the major late promoter is produced under 
stringent inhibition of protein synthesis**. A preferential 
synthesis of mRNA species c from region L1 (Fig. 1.8), which 
encodes the two structurally related pelypeptides of molecular 
weight 55,000 and 52,000, was observed at early times. The lack 
of detectable amounts of L2 and L3 mRNAs may be explained 
by the fact that nuclear transcripts produced at early times of 
infection seem to terminate within the L2 region. Therefore, the 
shift from the early to the late phase of virus replication may 
involve a mechanism which allows the production of larger 
transcripts from the major late transcription unit. This 
mechanism could be mediated by virus-coded factors which 
associate with the RNA polymerase, by a change in the nucleo- 
protein structure of the DNA template, or by DNA replication 
providing single strands of virus DNA which may serve as a 
more efficient template for late transcription. 
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The selective accumulation of the 55, 52K mRNA early in 
infection may be explained by a virus-regulated abundance 
control of late mRNA production. At different times after 
infection the individual mRNAs from region L1 (Fig. 1B, spe- 
cies a—e) are differentially expressed. The first mRNA to accu- 
mulate in the cytoplasm is the $5, 52K mRNA, whereas at late 
times of infection, species e, encoding virion polypeptide Ila, is 
the most abundant. Thus, the selective appearance of the 55, 
52K mRNA early in infection may reflect a regulation of the 
abundance of region L1 mRNAs. This regulation is probably 
accomplished by virus-regulated changes in the splicing pattern 
of the transcript but may also depend on virus-regulated changes 
in cytoplasmic mRNA stabilities. However, the latter alter- 
native is unlikely because the mRNA stability seems to be 
enhanced at late times of infection”. 

As RNA polymerase III transcription normally terminates 
within a stretch of U residues*', and the termination signal for 
VA RNA, transcription is separated by only 11 nucleotides 
from the splice junction of the 55, 52K mRNA (Fig. 1D), the 
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acceptor site of the 55, 52K mRNA has a U-rich sequence 
directly upstream from its splice junction. This sequence 


arrangement resembles splice sites found in several eukaryotic 
genes”, If the abundance control of late mRNA production 


involves virus-controlied splicing events, the appearance of the 
55, 52K mRNA at early times of infection may reflect a pref- 
erence for the acceptor site of the 55, 52K mRNA. 

The 55, 52K mRNA exists at about equal frequency in two 
forms which differ by the presence of the / leader. In the RNA 
species which have an insertion of the i leader within the 
tripartite leader, the expression of the polypeptides from the 
mRNA body seems to be blocked. This suggests that insertion of 
the í leader, by splicing, controls gene expression at the level of 
translation. 
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Diversity of germ-line immunoglobulin V,, genes 


David Givol, Rina Zakut, Kim Effron, Gideon Rechavi, 
Daniela Ram & Justus B. Cohen 


Department of Chemical Immunology, The Weizmann Institute of Science, Rehovot 76100, Israel 





The sequences of four embryonic mouse immunoglobulin Vu genes have been compared. All genes end at codon 98 and 
code for a hydrophobic signai peptide of 19 residues interrupted at codon —4 by an intron of 83 base pairs. Substitutions occur 
in all gene segments but at a significantly higher frequency in the hypervariable regions. The data suggest an evolutionary 
basis for the diversity of immunoglobulin genes. Divergence resulted also in a termination codon in two of the genes, 
suggesting that part of the V gene repertoire cannot be expressed unless some correction mechanism is available. 





IMMUNOGLOBULINS are composed of heavy and light chains. 
Their variable region (V, and Vy) is confined to the 
amino-terminal domain of the molecule and comprises the 
antibody-combining site. The combining site is formed by three 
hypervariable segments of the V region which contain the 
complementarity-determining residues (CDR1-3) for anti- 
gen’. The variable region of the light chain is encoded in the 
germ line by three separate zene segments: the leader (L), 
coding for a hydrophobic signal peptide which is not present in 
` the mature protein, the variable segment (V_) and the joining 
segment (J,)°°. The variable region of the heavy chain is 
encoded by four gene segments: the leader (L), the variable 
segment (Vu), the ‘diversity’ segment (D) and the joining seg- 
ment (Ju). The D and Ju segments contain the codons for CDR3 
whereas the Vy segment contains the codons for CDR1 and 
CDR2 (refs 6, 7). It has been shown that there are only four Jy 
gene segments’. Amino acid sequence data indicated that the 


genes for the variable regions are organized in subgroups which 
evolved by gene duplication®’, Expansion and contraction of 
these subgroups and evolutionary accumulation of mutations 
contribute to the diversity of these genes*’, Recent analysis at 
the DNA level demonstrated multiple genes in subgroups of 
both Vi)? and Vil p 

A basic problem in immunology is the extent of inherited 
diversity compared with the diversity generated somatically in 
the V genes. The Vy segment is present in two different DNA 
environments during the life of the antibody-forming cells, the 
embryonic and the mature environments. During lymphocyte 
differentiation DNA rearrangement joins V with D and J (V-D- 
J joining) to form the active Vy genef. As evidence for recom- 
bination of Vy with each of the four Jų segments has been 
found®’ and the joining is flexible, part of the V-region diversity 
in CDR3 is generated somatically by this recombination. These 
recombination events involve the cutting and joining of DNA 
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Table 1 Per cent substitution in Vy-gene segments 








Non-coding segments 


Clone 5' region Intron 3’ region 
pCh108B 15 15.7 20.0 
pCh104 23.8 25.3 37.9 
pChill 23.8 21.7 37.9 


Coding segments 
Signal peptide FR CDR 
R S R 5 R S 
7.0 1.8 4 4 11.6 0 
12.3 1.8 5.34 44 30.4 1.8 
10.5 5.3 6.2 5.8 27.5 43 


O ———eme——tattetntetete tT tnnn—nnctinttntetttnttmtentin rine 
The per cent substitution was calculated as compared with the pCh108A sequence. In the coding region substitutions are divided into replacement 
(R) and silent (S) substitutions. The 3’ region was calculated beyond the recombination signals. FR, framework regions of Vy. CDR, complementarity- 


determining residue regions of Viz. 


segments and may be accompanied by other enzymatic activi- 
ties, such as error-prone repair'’*"*, which result in further 
substitutions along the Vy segment. The question arises as to 
whether the hypervariability found in CDR1 and -2 pre-exists in 
the germ line or is generated in the new DNA environment only 
after somatic rearrangement. 

To analyse this question we isolated and sequenced four 
mouse Vy genes isolated from a BALB/c mouse embryo DNA 
library'*. These genes belong to the VII subgroup. Their 
nucleotide sequence shows 80-90% homology with the cDNA 
clone of mouse myeloma MPC11 heavy chain? that was used as 
a probe in isolating these genes. The data indicate that the 
hypervariability in the regions corresponding to CDR1 and -2 is 
already present in the embryonic non-rearranged Vu genes, 
suggesting that the substitution in hypervariable regions is a 
result of an evolutionary process. The sequence also shows that 
two of the Vy genes contain termination codons within their 
coding region and may be considered pseudogenes. Perhaps this 
is the price paid for keeping a multiple gene family like the 
immunoglobulin V genes. 


Characterization of Vy-containing clones 


We isolated eight cross-hybridizing clones by screening our 
mouse embryo DNA library with plasmid pV(11) which 
contains Vy cDNA derived from myeloma MPC11 (ref. 15). 
Three of these clones that showed strong cross-hybridization 
were selected for sequencing. One of them (Ch111) contained 
only one Vu gene; the others contained two Vy genes. In clone 
Ch108 the two Vy genes are located on a single EcoRI fragment 
with a spacing of ~7 kilobases (kb) (Fig. 1a) suggesting that Vu 
genes ‘which belong to the same subgroup are close to one 
another in the genome. Clone Ch104 contained two Vy genes on 


Fig. 1 Restriction enzyme maps of 
the mouse DNA inserts in clones 
Ch108 and Ch104 (a), and strategy 
used in sequencing of the subclones 
pChi08A, pCh108B, pCh111 and 
pChi04 (b). Cleavage sites were 
determined by single and double 
digestion of DNA with various 
restriction enzymes and by the end- 
labelling method of Smith and Birn- 
stiel”. The DNA segments between 
arrows in a were subcloned in 
pBR322. Sequence determination 
was by the chemical degradation 
method" of end-labelled fragments. 
End-labelling was done at the 3’ end 
by site filling of 5'-protruding ends Ch104 

with reverse transcriptase. The K OK BHH 
reaction mixture (20 ul) contained 

1-5 ug of DNA fragments, 20 Ci of 

one or two [a-**P]deoxynucleoside RI RI RI 
triphosphates and 5 units of reverse 

transcriptase, and was incubated at 

37°C for 30min. Blunt-ended 

fragments were labelled at the 3' end 
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separate EcoRI fragments with a spacing of ~12kb. The 
appropriate segments containing the Vy genes were subcloned 
in pBR322 and subjected to DNA sequencing, according to the 
strategy shown in Fig. 1b. The sequence of ~ 800 base pairs (bp) 
was determined for each of the genes, and compared with that of 
MPC11 cDNA to locate the coding region. The overall structure 
of all four genes demonstrates their germ-line nature as the 
coding sequence ends prematurely at codon 98 and contains 
neither D nor J segments. The codon corresponding to amino 
acid 1 is preceded by a sequence that codes for a signal 
peptide’*” of 19 amino acids which is interrupted at codon ~4 
by an intron of 83 bp. 


Sequence of the 5'-noncoding 
and leader region 


Figure 2 depicts the sequence of the four mouse embryonic Va 
genes upstream from codon 1 of the mature protein, in 
comparison with MPC11 cDNA sequence’. It is clear that the 
Vu genes, although homologous, are variable in the region 
corresponding in part to the 5’-untranslated region of the 
mRNA. Hence, the variability is not confined to the V region, 
but extends into the 5’-untranslated region. Thus heavy-chain 
mRNA has a variable 5'-untranslated region while the 3- 
untranslated region is constant’. The sequence coding for the 
19 residues which compose the hydrophobic signal polypeptide 
of the precursor heavy chain is separated at residue ~4 (Gly) by 
an intron of 83 nucleotides which starts with GT and ends with 
AG. The size of this intron in all four genes is identical and 
differs by 2 nucleotides from the size of another mouse Vu 
intron’ and by 21 nucleotides from a human Vy intron which is 
104 bp long’’. It is significant that the location of this intron at 
codon —4 is identical in mouse V.°°, V,”' and Vaf”, as well as in 
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using DNA polymerase (n.Klenow) and the, appropriate [a—’P]dNTP. 3'-protruding ends were labelled with [a -7 *P cordycepin triphosphate 
and terminal deoxynucleotidyl transferase**. Enzymes used: RI = EcoRI; B= BamHI; H = HindIII; Bgl = Bgill; K = Kpnt; $= Sac), Hpa = 
Hpall,; Hae = Haelll; Acc = Accl; Hinf = Hinfl, Pst = Pst]; Sau = Sau3A. In b the numbers above the schemes represent codons for amino 


acids. 
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pCh 108A  TGCTGCTTGA CCTATGAACC TYTTAAGTCC TICCTCTCCA 
PCh 108B ~--- n-ne ACA Ta ne ohne lene ee cere naeeTo 
PCh 104. {ND )ee-G-TG- ---CCG---. --T-- CIT 
PCR VL --TeeeCene -2-- Geen nen Ceen ee oT- 


108A TCTATTCTCC ATTTAGATTG GTTATTATAT ACAAAGTCCC CTGCTCATGA ATATGCAAAT 


TACCTAAGTC TATGGTAGTT 


108B --CC------ + Ga =Ge-C+A -A-Crer-Ge wen ween meee eee onnemme eee GTTC+- +---T-G--- 
104-22 TC--- Ae = -GGAC-A- o2-Te nO C+ -AGenne Ane eee Coenen cena Anes ceee(eneee enoaan a 
111 N.D, DC-A- A-CC~=GCTG -GT=-TG-A~ wesw enn e ee wm cee ewes CaaGC- rune -Ton-Co T z 
Fig. 2 Sequence of the 5' segment of four embryonic 
108A AAAAACAGGG ATATCAACAC GCTGAAAACA ACATATGTCC AATGTCCTCT CCACAGACAC TGAACACACT GACTCTAACC Va genes including the codons for the signal peptide. 
Boies he Bee peat oh ts ea ae Be AAD men ad ae ety ce ae ring tn Identical nucleotides are represented by dashes, 
YOM cause ace E A E a aediio ete wctteenstas aps insertions are introduced above the line and an empty 
space indicates a deletion. io - 
OE S E gach te ace re e a A E Tas p s a deletion, The region between paren 


-19 -15 
Met Gly Trp Ser Trp Ile Phe 


-4 
Ser Gly Thr Ala G 


-10 
Leu Fhe Leu 


theses was not determined (ND). Amino acid residues 
predicted by the nucleotide sequence are given above 
the line of the codons. The insert of MPC11 (M11) 
cDNA clone’? begins at codon~14 and the coding 


108A ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA G/GTAAGGGCC TCACCATTTC : j : i 
He Lys Ser sequence of the signal peptide was determined in this 
1088 -+A AA- wom mae ewo sor eCe mar vwe mes wma sor mue wem meu w eee lew wee nAnGen= N lo is 
Glu ys vat aoe cDNA clone (unpublished work). 
104 wee Ae HC wae wee Gre wen wee eee eee cee eee The cee cee owen eee ceew en Geee 
Glu Gly Val Tle Val 
ULL ene we one wae Gon Gen wom ey an hee 
Val lle Val 
MI (CO ND, E Ce E 
-1 
ly Val His Ser 
108A CAAATCTGAA GAAAAGAAAT GGCTTGTGAT GTCACTGACA TCCACTCTGT CTTTCTCTCC TCAG/GC GTC CAC TCT 
108B -+----en ee meno Ge--0T AT-C-AA--- mene A-se seenen manne Team Aree aT wee eee =ou 
Tle Cys 
104 Aewe en nn ne ATG=~AwAnAA~==Co=CC+~ -G--AA-Te= enenge Anmann Aww -T Aon === -GC 
Tyr 
UI  sosanssune neGGeT-T-G ~--C--A-GA nAcnA= -C10 Aw=nnnna C naCeaneene EE --- E 


MII -T 


the human Vy gene’®. The homology at the two ends of the 
introns (first 30 bp and last 25 bp) in our genes is much greater 
than that in the middle part. The sequence of another reported 
Vu intron’ is significantly different (50% substitution) from the 
four sequences shown here (18-25% substitution) and indicates 
that Vy genes of different subgroups have diverged markedly 
from one another. The coding sequence for the signal peptide is 
not identical within the subgroup and the per cent substitution is 
similar to that of the Vi:-coding region. However, comparison 
with sequences coding for signal peptides in Vy genes of other 
subgroups”? shows a greater divergence from our genes. The 
accumulation of mutations is proportional to the divergence 
time of the genes, and our comparison indicates that the leader 
sequence is part of the Vy duplication unit, Note that the middle 
highly hydrophobic region of this predicted amino acid sequence 
(residues —15 to —3) is very similar in all four genes and changes 
are more significant at the two ends of the sequence coding for 
the signal peptide. 

The data also show that clone pCh108B has a substitution 
which changes the first Met (ATG) into Ile (ATA). Unless there 
is some correction mechanism, the mRNA of this gene may not 
be translated into an active protein. The validity of this substitu- 
tion was checked in the original Ch108 clone. 


Sequence of Vu-coding region and the 
recombination signals 


Figure 3 shows the sequence of the V-coding region and the 


sequence downstream (3') from it. Comparison with the MPC11 
sequence’ and with known J, segments’ demonstrates that all 
four genes end prematurely at Arg 98 which is exactly the end of 
framework III segment (no. 94 in the numbering system of Kabat 
et al”). Hence the D segment in the MPC11 V region starts at 
the beginning of CDR3 and contains eight amino acids (Gly-Ile- 
Tyr-Tyr-Asn-Ser-Ser-Pro). The Vyu-coding sequence clearly 
demonstrates that substitutions occur preferentially at CDR 
regions (see later for comparison). When substitutions at the 
framework regions do occur, they are usually confined to the 
same position in all four genes. Most of these positions, such as 
codons 13, 16, 40, 41, 43 and 74, code for amino acid residues in 
which there is little structural constraint on replacements in the 
folded V domain. Comparison of these positions with homolo- 
gous residues in three-dimensional models of V regions 
demonstrates that these residues are present in positions which 


are completely exposed to solvent. It was shown at the protein 
level that amino acids which are buried in the domain are more 
conserved than those that are exposed to solvent?**°, Many of 
the substitutions in the framework result in two alternative 
codons causing conservative changes of amino acids. In several 
places the extent of diversity is not clear from this limited 
analysis. For example, codons 81-85 may be analogous to the 
fourth hypervariable region’ of human Vy, and the limited 
variations shown here may indicate the presence of this region in 
mouse embryonic genes. 

At the 3’ end of these Vy genes there are two recombination 
signals separated by 23 or 21 (pCH111) bp. The first signal 


C 

CACAGTG starts immediately after the codon for Arg 98 
whereas in other cases there are 2 or 3 bp between Vy and this 
signal. This sequence is similar to that found in mouse Vy, and V, 
and in human Vy genes™*™"? regardless of subgroups, and it is 
inversely complementary to a heptanucleotide present just 5’ to 
the Jų region. As also noted by others, the second signal 
nonanucleotide is dA rich and contains more substitutions than 
the first signal. The sequence between the two signal oligo- 
nucleotides is highly homologous within this subgroup while the 
sequence of the 3’ region beyond the second signal diverged 
more than other segments in these genes. 


The immune V-gene repertoire may 
be rich in pseudogenes 


Two of the genes, clones pCh104 and pChill, contain 
termination codons at positions 39 and 94 respectively. Because 
there are some 40 substitutions in the V,.-coding region (294 bp 
long), a high proportion of these genes may have one substitu- 
tion leading to a terminator. This is perhaps the price paid for 
keeping a multiple gene family (like immunoglobulin V genes) in 
evolution. The survival of the animal does not depend on any 
individual member of the V-gene family and selection operates 
on the entire V-gene repertoire to increase the number and 
diversity of V genes. The evolutionary accumulation of substi- 
tutions in V genes is essential for the generation of antibody 
diversity, and it is unavoidable that some of these genes will also 
acquire termination codons. The V genes which contain 
terminators may be pseudogenes”, However, they differ from 
other pseudogenes reported. Recently Bentley and Rabbitts”* 
described a human V, pseudogene containing terminators, 
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deletions and insertions which result in changes of reading 
frame. Other pseudogenes also follow this pattern of 
changes””*’. In contrast, pCh104 and pCh111 described here 
have one termination codon but otherwise conform to the 
sequence of a normal Vy gene. We suggest that these genes may 
be used if there is some correction mechanism. Such a 
mechanism may be the presence of suppressor tRNAs in 
lymphocytes or some other mechanism which allows reading 
through these terminators. Another possibility is that recom- 
bination between non-allelic V genes occurs at a high 
frequency'”*! so that their coding potential can be used to form 
active genes, It is of interest that the presence of pseudogenes in 
other gene families was recently explained as the consequence of 
gene duplication and divergence”. 


Evolutionary diversity of Vu genes 


We analysed by DNA sequencing four cross-hybridizing 
embryonic mouse Vy genes which belong to subgroup II. The 
data indicate that these genes accumulated mutations in all their 
segments (5’ region, leader, intron, Vu segment and 3' region), 
but differences were found in the extent of these substitutions in 
the various segments. We calculated the substitutions in the 
different parts of these genes as shown in Table 1. The per cent 
substitutions in noncoding regions (5', 3’ and the intron) is higher 
than in the coding regions. However, the homology within 
20 


Glu Vat Gln Leu Gln Gin Ser Gly Pro Glu Lew Val Lys Pro Gly Ala Ser Val Lys Ile 
108A GAG GTC CAG CTT CAG CAG TCA GGA CCT GAG CTG GTG AAA CET GGG GCC TCA GTG AAG ATA 





108R rÀ wwe ser anG arr mee sem we G ees mC eT om 
Gin Arg Thr 
104 Caw G -T -- «GG A-T 
Gin Ala Arg Thr Lys 
AML Caw - Go- T Ge vA GG AAT - AG 
Gin Ala Arg Tar Met 
MI Gee G T G "rA -Ge © A-T G 
30 an 


Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr Asn Met His Trp Val Lys Gin Ser 
108A TCC TGC AAG GCT TCT GOA TAC ACA TTC ACT GAC TAC AAC ATG CAC TGG STG AAG CAG AGC 


Thr Asp Ser Gly He Asn 
1088 Are see wae cee ono GAT cee Tee cae san Go wee oTe tee Ree fee ame nme was nee 
Leu Thr Trp As: Ter Met 
104 wan wee man Gep eab ore CIC ACH mae TGG wee Aa Tee “76 
Ala Asn Trp Tle Gly Arg 
ML - wee nee sns nee aG ee Gee Aes +e TGG ~-A GOT A wen oG 
Ala ge Trp Ile Gly Glu Arg 
MII ene wee mue ema Gee mmu mew man wua ane Awe con TOG -A GGT Gaa eG 
0 60 


His Gly Lys Ser Leu Giu Trp Ile Gly Tyr lie Tyr Pro Tyr Asn Gly Gly Thr Gly Tyr 
108A CAT GGA AAG AGC CTT GAG TGG ATT GGA TAT ATT TAT CCT TAC AAT GGT GGT ACT GGC TAC 








Gin Asn Ser 
1088 wer ner ama sea suu sÅ vnr ena can Gal uav Are vea mew ora nuu aua see Aen 
Pro Gin Gly Ala Phe Ala Gly ASM 
104 sle ana Cor Ger sar sen nea mer =w= GEG eee «Te eua GCA CG- - - BAe 
Pro His Gly Asp Asn 
MO aCe mee CeT Ger cae es ree sen men Gee uee aet AK- 
Pro His Gly Asp Asn 

MIL -C= awa CeT Gee ven nen nee van sun Gor -ea eet -4e GGA G Ahe = 











? Bo 
Asn Gin Lys Phe Lys Ser Lys Ala Thr Leu Thr Val Asp Asn Ser Ser Ser Thr Ala Tyr 
108A AAC CAG AAG TTC AAG AGC AAG GCC ACA TTG ACT GTA GAC AAT TEC TCC AGC ACA GCC TAC 


Gly Thr 
Met Gly Thr 

104 -T aTe ena wee Gee nos mus sos pee sou uon weu SA nma mas muu car nen wes 
Giu Gly Ala Lys 

1i +T Ges nes wee ena Gua cee new seo Cos aan «Üe was ce sor sou see aor aee eT 
Glu Asn Gly Ala Thr 

Mii T Gor we T wae meo Gom soe ssa nen Çor sou oCo san -CA arn ace mue saa wan zea 


90 
Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg 
LOBA ATG GAG CTC AGC AGC CTG ACA TCT GAG GAC TUT GCA GTC TAT TAC TGT GCA AGA CACAGTGTTA 
His Leu 


108p -ee san ene Che nee nee veo cee cee cee sea TTG one mwe seu mac sus mas mananCa-aG 
Gin Phe 
104 Cee eA mer sai men sne ser mua nwe nas eG wou anu oTa sea nen nee carmen een 
Arg Ter 
I ses sem noT esT eA Fra sas ser cee nee nee nue cee wah mensenn aan sne ee ee le enG 
Gin Tie His Gly The Tyr Tyr 
MIL se © momma a wee ma Anu se? C e se GOG ATT TAC TAC 





> 


108A CAAACACATC CTGAGTGTGT CAGAAACCCT GAGGTGCAGC AAGCTTCCTT GGGACTGACA AGAGTTAGAG AATAGTCGCT 





1088 ---~~ Gere sew en nee F enTereeeGG -AAeeneees Toe 
Los TanTewen wa CeeeAATT --AneneTGe AT--CCA-+- ALT 
u CorrArea salann AATT --A--0-CG+ AT=-COA-G- A-T 


Fig.3 Sequence of Vu segment and 3'-flanking region of the four 
embryonic genes and MPC11 cDNA. CDR regions are underlined. 
Recombination recognition signals™” at the 3’ end of the coding 
segment are boxed. Amino acid residues deduced from the DNA 
sequence are given above the line of the codons. Ter indicates 
termination codons. Codon 98 corresponds to residue 94 in the 
numbering system of Kabat et al”? and it is the last residue of 
FRHI. 
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Fig. 4 Distribution of nucleotide substitutions along the Vie 

coding segments in all four genes sequenced. Bars represent total 

substitutions in blocks of 10 codons. Hatched areas represent total 
replacement substitutions. 


noncoding segments of these genes is greater than the homology 
between these genes and genes of other subgroups. Moreover, 
the homology between neighbouring genes (pChi08A and 
pCh108B) is greater than the homology between them and the 
two other genes sequenced (pCh104 and pCh111), This suggests 
that V-gene duplication and diversity is a continuous evolu- 
tionary process, and the longer the divergence time, the more 
the mutations accumulate. 

An important question is the extent of diversity in CDR 
regions of the germ-line Vy segment and whether this diversity 
occurs throughout evolution or after gene rearrangement. The 
data (Table 1 and Fig. 4) clearly indicate that the per cent 
substitutions in CDR is greater than in framework regions. 
Moreover, the per cent of replacement (non-silent) substitutions 
in CDR is significantly higher than that in the framework, Often 
more than one nucleotide in a codon is substituted, resulting in 
non-conservative replacement of amino acids. There are also 
invariable codons in CDR (like codons 32 in CDR1 and codons 
51, 53, 56, 58, 60 and 61 of CDR2) which code for structural 
residues in CDR segments as suggested previously from the 
amino acid sequence’. The data in Table 1 clearly show that the 
diversity in CDR1 and -2 is present in the germ line, and is 
generated throughout evolution. Evidence for additional soma- 
tic mutations in the hypervariable regions of V,, Vx or Vx. genes 
has previously been reported”*”*°. We have not yet sequenced 
the embryonic gene that is expressed in myeloma MPC11. 
However, the sequence of the germ-line J region can be 
compared with its expressed counterpart. As there are only four 
germ-line J,y-gene’segments, it is easy to locate somatic muta- 
tions in this region. A comparison of embryonic Juz” with that 
expressed in myeloma MPC11 shows a change in the fourth 
codon, from TAC(Tyr) to TCC(Ser). ey 


Tyr Phe Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser 


Juz TAC TTT GAC TAC TGG GGC CAA GGC ACC ACT CTC ACA GTC TCC TCA 
Ser 


MPCL] -7 =-= wee aCe mun nem mer smu mum mem mam wem mwe wam mata 


This change is clearly an example of somatic mutation in CDR3, 
and is not merely a result of modulation of the joining site itself. 


Conclusion 


The DNA region containing the immunoglobulin V genes in a 
species is composed of several related families (subgroups) of 
genes. These undergo duplication and accumulate substitutions 
in all their segments in a process which is similar to the gene 
diversification that occurs among different species throughout 
evolution. The duplication unit of the V gene includes the 
sequence coding for the signal peptide. The entire V-gene 
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repertoire must be degenerate and contains nonsense mutations 
and pseudogenes. We may speculate that some correction pro- 
cesses, not yet found, have developed in lymphocytes to enable 
them to use the genetic potential encoded in such genes. The 
CDR regions, which are most essential for the function of the 
antibody, are hypervariable in the germ-line genes and after 
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y Rays from the cosmic ray 
irradiation of local molecular clouds 
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An analysis is given here of the flux of cosmic y rays of energy 
above 100 MeV from the directions of 13 local molecular 
clouds. We show that only in a few clouds does the cosmic ray 
intensity need to exceed the value near the Earth to explain the 
y-ray fluxes. Possible reasons for the few excesses are consi- 
dered. Our conclusion is important because some of the enig- 
matic y-ray ‘sources’ are identified; furthermore, y-ray data can 
be coupled with knowledge about the distribution of gas in the 
Galaxy to throw light on the problem ‘where do cosmic rays 
come from?’. 

y rays are produced when cosmic ray electrons, protons and 
heavier nuclei collide with atomic nuclei in the interstellar 
medium (ISM). Insofar as the ISM is not uniformly distributed 
but contains regions (‘clouds’) of rather high gas density the 
y-ray sky is correspondingly uneven. Of particular interest are 
those clouds in which the gas, largely molecular hydrogen, is so 
massive that an excess y-ray flux can be seen. 

Ideally, such clouds could be used to map the distribution of 
cosmic rays (CR) in the Galaxy, if certain conditions were met: 
the clouds were of accurately known mass, those clouds selected 
were ‘cosmic ray inert’ (that is, generated y rays only through 
the interactions of ambient CR and did not contain significant 
sources of cosmic ray particles) and if the corresponding y-ray 
fluxes could be accurately measured. If then clouds which were 
not ‘CR inert’ were considered, information could be gained 
about y-ray emission from specific sources and also about 
particular particle acceleration mechanisms. 

Clearly, none of these provisos are met to anywhere near the 
extent necessary for an accurate analysis but an attempt is 
desirable because of previous conflicting results (for example, 
for the cloud associated with p-Ophiuci; see ref. 1). A serious 
objection to previous studies was that the y-ray sources were 
taken as the starting point; here we start more rigorously with a 
set of molecular clouds and then search the y-ray data for 
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gene rearrangement additional somatic mutations may occur. 
Both germ-line substitutions and somatic mutations occur 
preferentially in the regions coding for CDR. 

We thank Mrs Sylvia Wylder for technical assistance. This 
work was supported in part by a grant from the National Council 
for Reseach and Development, Israel, and the DKFZ, Heidel- 
berg, FRG. 


19. Matthyssens, G. & Rabbitts, T. H. Proc. natn. Acad. Sci. U.S.A. 77, 6561-6565 (1980). 

20, Sakano, H., Hippi, K., Heinrich, G. & Tonegawa, S, Nature 280, 288-294 (1979), 

21. Tonegawa, S., Maxam, A. M., Tizard, R., Bernard, O. & Gilbert, W. Prac. natn. Acad. Sci. 
U.S.A. 15, 1485-1489 (1978). 

22. Auffray, C., Nageotte, R., Chambraud, B. & Rougeon, F. Nucleic Acids Res. B, 1231-1241 
(1980). 

23. Kabat, E. A., Wu, T. T. & Bilofsky, H. Sequences of Immunoglobulin Chains (NIH 
publication no, 80-2008. 

24, Padlan, E. A., Davies, D. R., Pecht, L, Givol, D. & Wright, C. Cold Spring Harb. Symp. 
quant, Biol. 41, 627-639 (1977), 

25. Padian, E. A. Q. Rev. Biophys, 10, 35-65 (1977). 

26. Capra, J, D. & Kehoe, J. M. Proc. natn. Acad. Sci. USA. 71, 845-848 (1974), 

27. Proudfoot, N. J. Nature 286, 840-841 (1980). 

28. Bentley, D. L. & Rabbitts, T. H. Nature 288, 730-733 (1980), 

29, Proudfoot, N. J. & Maniatis, T. Cell 21, 545-553 (1980). 

30. Nishioka, Y., Leder, A. & Leder, P. Proc. natn. Acad. Sci. U.S.A. 77, 2806-2809 (1980). 

31. Galley, J. A. & Edelman, G. M. Nature 227, 341-348 {1970). 

32. Kabat, E. A., Wu, T. T. & Bilofsky, H. J. biol. Chem, 282, 6609-6616 (1977). 

33. Smith, H. O, & Birnstiel, M, L. Nucleic Acids Res. 3, 2387-2398 (1976), 

34. Maxam, A. M. & Gilbert, W. Proc. natn. Acad. Sei. U.S.A. 74, 560-564 (1977). 

35. Tu, C.-P. D, & Coehn, S. N. Gene 10, 177-183 (1980). 





excesses (or deficits) of flux. Hopefully if a large enough sample 
is taken and the uncertainties in mass and y-flux are random 
then the average behaviour will be correct. Unfortunately, there 
are too few clouds for which data are available to select ‘CR 
inert’ clouds. Instead, we must take all clouds for which reason- 
able mass and distance estimates have been made. The expected 
y-ray flux from a cloud of mass M at distance d is estimated from 
the relation T', exp = (q/4m)(M/d*) where q is the emissivity 
appropriate to the cosmic ray intensity near the Earth (given by 
Issa et al.') and to compare this with the observed y-ray flux, 
Pyops- Clearly Fy,ovs/ T yexp = Laoua/ Io where Liona and Ty are the 
cosmic ray intensities in the cloud and near the Earth, respec- 
tively, 

The questions to be asked are: (1) Is the average cosmic ray 
intensity in the whole sample of local molecular clouds 
significantly higher than the intensity near the Earth, J,? (Is the 
average enhancement factor, F = Iaoua/ To, greater than unity?) 
(2) If there is evidence for F > 1 in some clouds and not in others, 
do they correlate with any known astronomical parameter, such 
as number of flare-stars, or OB-association? 

There is no homogeneous catalogue of masses of molecular 
clouds determined by the use of one, generally accepted, tech- 
nique. However, a series of observations by Blitz’ give data on 
seven cloud complexes and these form over half the clouds . 
examined here. The technique was to measure the column 
density of '7CO and "CO lines and convert to H; density using 
the technique described by Blitz and Shu? and elsewhere (which 
uses the ratio of N(H2)/N(°CO)=5%x10° of Dickman‘). 
Important points are the necessity for an upward correction for 
the gas associated with each cloud which has too low a density to 
be recorded directly (usually in the ‘halo’ around the cloud), and 
for the effect of channel dilution and non-linearity. Further- 
more, the possibility of non-thermodynamic equilibrium in local 
high density regions is important. Blitz favours upward cor- 
rections of between 2 and 3. Here we usually adopt a factor 2 to 
give our estimated upper limit to the mass (the ‘Blitz factor’) and 
take the uncorrected mass as a lower limit. Figure 1 gives the 
location of the selected clouds and Table 1 the estimated masses 
and distances. 

The local thermodynamic equilibrium (LTE) masses are those 
given by Blitz. Allowance has been made for excesses of atomic 
hydrogen and ionized gas as well as molecular hydrogen where 
data are available. Also given are the approximate areas 
included in our analysis of the clouds and some astronomical 
information. 
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Table 1 Estimated masses and distances of selected clouds 








Area 
(deg’) Comments Ref, 
4 W3& W3N, well known H; regions, best known examples 2 
of OB star formation. Strong ionization fronts 
8 Much recent star formation: T-Tauri 2 
4 Rich grouping of early type stars: O stars 2 
4 OB and R associations 2 
20 Many flare stars; T-Tauri common; rich in O-associations Z 
24 Some star formation, T-Tauri and O-type 2 
12 Active star formation—OB associations 2 
400 Argument about origin of this nebula; considerable ionized 28, 29 
gas from supergiants plus stellar winds 
8 Contains young stellar objects but efficiency of star forma- 15, 30 
tion is very low 
100 T-Tauri stars distributed throughout the cloud 6,7 
4 Cluster of O stars has formed at the edge of the molecular 9 
cloud 
5  Anunusual object. Star in nebula is oneof mostiuminousin 31 
Galaxy. Flared during last century 
16 Cloud very dense; comparatively inert but some star 32, 33 


formation 


eaaa 


Distance LTE mass Mass range 
Object (pe) (Me) (Mo) 
Cas OB6 2,000 1x 10° 1-2 10° 
Mon OB1 800 1x10 1-2 x10 
Mon OB2 1,600 1x 10° 3-5x 10° 

(1x 10° for H3; 
2x 10° for H) 

C Ma OB1 1,100 110° 1-2 105 
Orion OB1 450 2x 10° 2-4« 105 
Per OB2 350 4x10* 4-8 x 10° 
Cygnus 1,700 7x10° 7-21 x 10° 
Gum 400 1.2x 10° 0.7-3x 10° 
Cor Aust 150 69x10?  0.7-1.4x10* 
Taurus 140 1.7x 10* 1.5-3 x 10* 
M17 2,300 >3x10° 3-10 10° 
Car Neb 2,700 = 1.5-3 x 10°+ 
p-Oph 160 = 4.5-9x 107+ 
t See text. 


There is much argument about the origin of the Gum nebula 
but agreement that there is considerable ionized gas. In view of 
the proximity of the Vela pulsar and its spillover (in y rays) we 
take.only the region b < —6°. We estimate that ~60% of the gas 
is in this region (following the Ha photograph of Sivan*, which 
suggests that there is more material below the galactic plane 
than above). The range of masses indicated, which refers to the 
restricted region, endeavours to bracket the quoted values. 

Corona Australis is a useful cloud in that it mirrors p-Oph in 
position and would be expected to have the same cosmic ray 
intensity in it. Densities in the cores of the sub-clouds are very 
high. The Blitz factor of 2 possible enhancement in mass has 
been used but the mass quoted is probably an underestimate. 

Taurus ‘may be the nearest major aggregate of dust and gas in 
which star formation is in progress“. It has many T Tauri stars 
spread throughout the complex. A mass of 1.1 x 10°Mo (within 
the 0.2 K contour) is quoted by Baud and Wouterloot’ for a 
distance of 113 pc, from observations of OH. For our adopted 
distance of 140 pc (ref. 6) the corresponding mass is 1.7 x 
10*M (this is probably an underestimate by ~25% because all 
the cloud was not surveyed). Another estimate is 2x 10*Mo 
using recent CO data of G. P. Baran (personal com- 
munication) for the Taurus and surrounding regions calibrated 
with the LTE mass obtained by Blitz for the nearby Per OB2 
cloud. Bearing in mind the ‘Blitz factor’ we adopt 1.5-3 x 
10*Mo as the likely range for the total mass. 

M17 is a bright Hu region located on the edge of a large 
molecular cloud complex which ‘may be one of the most massive 
objects in the Galaxy. Elmegreen et al.’ quote a lower limit to 
the mass of 3.2x10°Mo, and Elmegreen and Lada® suggest 
10°M.~ for the whole complex. Thus, 3-10 10°Mo seems 
likely. 
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Fig. 1 Positions and approximate shapes of the molecular cloud 
complexes. 


The star associated with the Carina Nebula (n Carinae) is the 
most luminous in the Galaxy in the IR (L ~6 x 10°L.). There is 
strong evidence for an ionization front generated by stars in the 
Trumpler 14 and 16 clusters, and associated compressed: H and 
H, regions’®. The mass is very uncertain because of the lack. of 
CO observations. The estimate of gas in ionized form comes 
from Dickel’s analysis: 1-2 x 10°Mo. In view of the inevitable 
contribution from H and H, and the Blitz factor we adopt 
1.5-3 x 10°Mo as the likely range. 

We previously favoured p-Ophiuchi because of its being 
comparatively inactive: astronomicaily’'’ there are no asso- 
ciated O-stars or bright H 11 regions’? although there are several 
small compact H 11 regions’*. There is uncertainty in the mass 
(see refs 11, 14 for conflicting estimates), Here we consider the 
following: Myers etal.” quote 1.8 x 10°M (assuming LTE) out 
to a radial distance of 2.1 pe for H + Hz; Grasdalen et al.” give 
4x 10°Mo for a somewhat smaller region, Vrba'* quotes 6.1.x 
10°M in total. Our previous estimate overall from CO data was 
~9 x 10°M o, inclusive of ionized gas (Baart et al."* find that such 
gas is common) but our analysis of stellar extinction led to values 
of about half this. Thus, we adopt 4.5-9 x 10°Mo in the present 
case. 

The y-ray results will now be consicered. The data come from 
the SAS 2 and COS B experiments. The SAS.2 data comprise 
the comprehensive tables of Fichtel ef al” for the two energy 
ranges 35-100 MeV and E, > 100 MeV, and the contours ford 
150°-240° and |b|<25° given by Thompson et al., COSB 
results have not yet been given in tabular form and we haye use 
other sources: the contours for E> 70 MeV of Wills. er al"? 
which relate to all longitudes and largely to |b|= 15°, the cut 
along b =0° given by the same author and sections for 70- 
150 MeV, |b|<7°; 150-300 MeV, |b|< 5° and 300--5,000 MeV, 
|b|<4° given by Mayer-Hasselwander et al", The 2CG cata- 
logue of COS B sources of Hermsen”' has also been used. 

For each cloud we delineate an area surrounding it some 3-4? 
wider than the cloud (the exact area depending on y-ray energy 
and the source of data: tabulated fluxes, contours and flux versus 
longitude plots for fixed latitude bins) and compare the 
integrated y-ray flux in this region with its surroundings, usually 
by way of adjacent longitude bins for the same latitude range. 
The adopted flux is the flux in the region less the average of its 
surroundings. The greater coverage than the ‘source’ area is to 
allow for at least some of the y rays which fall outside the area 
because of errors of y-ray direction (the ‘point spread function’); 
a correction is applied for the effect of residual loss, that is, net 
loss even out of the enlarged area. The excess flux which can be 





432 


Nature Vol. 292 30 July 1981 


Table 2 Observed and expected y-ray fluxes and the enhancement factor 





Fluxes (107° em” s™*) (E, > 100 MeV) 





Object SAS 2 COS B 

Cas OB6 0.5 1.0 

(if 2CG135 +01) 
Mon OB1 <0.3 0:5 
Mon OB2 <0,2 <0.5 
CMaQB1 <0.5 0.5 
Orion OB1 1.0 1.4 

(ref. 22) 

Per OB2 <0.8 ~ 
Cygnus 4.0 3.8 

(if 2CGO075 — 00 

and 2CG078 +01) 
Gum 4.2 _ 
Cor Aust 0.4 <0.4 
Taurus 0.5 -l 
M17 <0.6 1.0 

(if 2CG13 +00) 

Car Neb <2.2 1.6 

(if 2CG288 — 00) 
p-Oph <0.7 11 


(if 2CG353 + 16) 


F needed to 
Best flux Expected give measured 
estimate flux y-flux 
1.0 0.07-0.14 7-14 
0.3 0.4-0.9 0.3-0.8 
<0.4 0.3-0.5 <13 
0.5 0.23-0.5 1-2 
1.4 2.8-5.6 0.25-0.5 
<0.8 0.9-1.8 <0.9 
3.8 7-2. 
pe n) 1.8-5.4 
2 1.2-5.3 0.8-3.5 
0.4 0.9-1.8 0.2-0.4 
0.5 2,1-4.2 0,12-0.24 
1.0 0.16-0.53 1.9-6.3 
1.6 0.06-0.12 13-27 
Li 0.5-1,0 1.1-2.2 


* This value is from the analysis of Protheroe et al.°* using column densities but converting to g/4a = 2.2 1077" 57! sr“! ag adopted here. 


attributed to the cloud is estimated using the above sources of 
data. Where the flux is negative, upper limits at the 1c level are 
derived. i 

This cannot be an accurate procedure as there are many 
problems associated with inhomogeneous backgrounds and 
poor statistics; however, it seems to be objective and we can see 
no reason for the eventual average (or better, the median) value 
of the flux enhancement factor, F, being either underestimated 
or overestimated. 

To improve accuracy, the data are combined to give an 
estimate of the flux above one energy level: 100 MeV. To this 
end, the SAS 2 fluxes for 35: 100 MeV are multiplied by 0.68 to 
give the equivalent flux above 100 MeV. 

Table 2 gives the observed and our estimated y-ray fluxes and 
the enhancement factor, F. The 2CG notation refers to the 
COS B source catalogue of Hermsen’?! and these fluxes are 
taken where the ‘sources’ are in such positions as to be not 
inconsistent with the clouds. Positive identification is not possi- 
ble, however, and there are doubts in some cases. The COS B 
flux value for Orion comes from Caraveo et al.” which relates to 
E, >70 MeV (=2 x107 cm™s~"); conversion by the spectral 
shape factor yields =1.4 x 107° cm™?s"! above 100 MeV. This 
value is close to the 1.0 x 10° cm~? s~ derived from analysis of 
SAS 2 data’, (Note that Caraveo et al. derive F = 1 by adopting 
a mass of 1.2 x 10°Mo, derived from Galaxy count studies.) No 
value is given for the flux for those regions where no data have 
been reported (or at least there are no data over a wide enough 
Al x Ab range to allow flux estimates to be made). 

Figure 2 shows the values of F listed in Table 2 plotted against 
the distance from the Earth, d. Ideally F should be plotted 
against distance from the axis of the nearest spiral arm (in an 
. effort to search for an arm-interarm contrast in cosmic ray 
intensity) but the positions of the axes are not sufficiently well 
known. Although not necessarily expecting a dependence of F 
on d over the range indicated we do expect a loss of reliability at 
large d because of the possibility cf confusion from other clouds 
and this will be particularly severe when looking roughly along 
the axis of a spiral arm (specifically for Car Neb and, to a lesser 
extent, Cygnus). In fact, the 2CG COS B source catalogue lists 
2CG288 — 00 (the Car Neb source) and 2CG284 — 00 nearby as 
‘could be an extended feature’. 

Taking the data in Fig. 2, the average value of F is ~1.3, 
weighting according to the errors indicated. Although this 
estimate is not very precise in view of there being errors in y-ray 


flux, which have not been included, the extra errors should be 
symmetrical and the estimate should not be too far out. It seems 
likely, then, that most of the clouds do not have much 
enhancement (F < 2) of cosmic ray intensity within them. In this 
sense the results are consistent with a previous analysis”? in 
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Fig. 2 F-values for the molecular clouds indicated. The ranges 
shown come from uncertainty in cloud mass; no uncertainty in 
y-ray flux has been allowed for. The flux errors are expected to be 
roughly symmetrical so that the best-estimate F-values will not 
change. The abscissa is the distance from the Earth. The circles on 
some of the error bars indicate clouds which may be identified with 
y-ray sources in the 2CG catalogue; the 2CG y-ray fluxes have 
been adopted in the calculations (the (2) against Cygnus denotes 
two COS B sources}. The astronomical data of Table 1 are prob- 
ably best for Orion OB1, Per OB2 and Mon OB2 (J. Meaburn, 
personal communication). 
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which it is claimed that over half of the 2CG sources could be 
explained as being due to CRI molecular clouds, the analysis 
being made on a statistical basis. 

Despite the large uncertainties there are some features which 
are worthy of further attention. 

(1) The cloud complexes within 1 kpc of the Earth mainly 
have F<1. Some of these have many T-Tauri stars and this 
indicates that the stellar winds from T-Tauri stars are not the 
seat of much cosmic ray acceleration or, at least, if they do 
accelerate particles then they escape rapidly from the environ- 
ment of the stars (the likelihood of CR acceleration by stellar 
winds was first pointed out by Cassé and Paul’*). It is possible, 
but not certain, that some of the low values of F relate to the 
position of the clouds—they may be preferentially in interarm 
regions. Beyond 1kpc (where T-Tauri stars cannot be 
identified) F-values are generally higher and there seem to be 
frequent OB-associations. The significance of this is not clear 
because of selection phenomena; the relevance of OB-asso- 
ciations to y-ray sources has already been discussed by Mont- 
merle?” who required nearby supernovae (‘SNOB’S’) to aug- 
ment Iaoua. We do not feel much increase in flux is needed. 

(2) The only clouds which seem to need F-values significantly 
greater than unity are Car Neb and Cas OB6, the differences 
from unity for the others can be attributed in part to errors of 
y-ray flux, and of cloud mass and to the likelihood of small 
variations of F from place to place on a large scale. 

The excess in Car Neb may be genuine, with particle 
acceleration occurring in a manner such as described by Mont- 
merle”, However, several features need stressing. The first 
concerns the fact that the direction of Car Neb is congested in 
the sense that it is along a spiral arm and other clouds may also 
be contributing within the angular resolution of the instrument. 
The mass of cloud needed (at the distance of Car Neb) is 
=3 x 10°M; although large, this is not an impossibly large mass 
for a single giant molecular cloud. The inclusion of other clouds 
would relax the mass requirement considerably. Also the 
identification of 2CG288 — 00 with Car Neb may be erroneous. 
The source could be, for example, a pulsar in this direction; 
pulsars do emit y rays. 

There is the same possibility of mis-identification with Cas 
OB6. Coincidence of more than one cloud is unlikely, however, 
because the direction is not along an arm. What is interesting is 

„the fact that Cas OB6 is in a well developed arm—the Perseus 
arm—and the possibility of some general CR intensity 
enhancement arises. 

Although all the data—both y-ray and astronomical—are 
poor such evidence as there is does not call for much CR 
enhancement in most of the molecular clouds within 1 or 2 kpc 
of the Earth ((F) = 1.3 for all the clouds in Fig. 2 and even nearer 
unity for d <2 kpc). Unidentified molecular clouds irradiated by 
CR and situated beyond 2 kpc are likely contenders for the 
so-called y-ray sources and, indeed, there are indications”? that 
~60% of the COS B sources can be explained in this way. 

Thus the studies. of the large scale distribution of y-ray flux, in 
which unresolved discrete sources have been neglected and it 
has been concluded that there are large scale cosmic ray 
gradients in the Galaxy, should be valid (see, for example, ref. 
27). 

We do not suggest that the sources of some of the low energy 
cosmic rays are not in molecular clouds. They could well be, but 
diffusion will probably distribute the particles so rapidly that 
those interacting in a particular cloud are mainly from the 
general ambient cosmic radiation. 

We thank Dr L. Blitz for the copy of his thesis and Dr A. W. 
Strong for helpful comments. Dr J. Meaburn and Dr S. M. 
Scarrott suggested improvements to the manuscript. 
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density fluctuations in Saturn’s rings 
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The encounter of Voyager 1 with Saturn in November 1980 
revealed the ringlet structure of its rings. As the theoretical 
examination of the collisional evolution of keplerian systems"? 
had predicted such a structure in dense matter as a consequence 
of amplified fluctuations in density, some new computer simula- 
tions have now been carried out to check this effect. These 
simulations actually led to a strong, irreversible growth in the 
density maximum. 

Let a keplerian system consist of frictionless, spherical and 
identical particles revolving around the central body along 
elliptic orbits and having the radius o. Let a denote the semi- 
major axis, e the eccentricity, i the inclination, y Newton's 
constant and m the mass of the central body. The local value of 
optical thickness is 7. 

Solid materials have a restitution coefficient, a, which 
decreases with the velocity of impact, v. If a) denotes the 
particular value of a which corresponds to the root-mean- 
square velocity of impacts, the system adjusts itself to a state in 
which? 

97 (19ay— 13) J a , 
s40 aG aF gor’, ay ai) (D) 


The weight function g is a correction for the finite volume of the 
particles; if the space density is low, we have g = 1. As the space 
density depends on the geometric thickness of the system, its 
optical thickness is not restricted by the value of g. If equation 
(1) is valid, the radial component of the two-dimensional flux 
vector which represents the transport of particles on the equa- 
torial plane of the system can be calculated from? 
8 ð Parmar Oran 


F° = -c igr a T(1-a V1 +a)(3~a) (2) 
92? ov yma 4a ] 


The temperature-like quantity T is approximately equal to 
307/4. According to equation (1), Vo is a decreasing function of 
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the optical thickness, as has also been found by Goldreich and 
Tremaine’. If 7 is high enough, this effect produces a decrease in 
the function inside the square brackets in equation (2). For 
example, if a=(1+v/v9)"' (vo=constant) and g=1, this 
function has its largest value at 7 = 0.75. If 7 exceeds it, the flux is 
directed to the density maximum. If 7 is small, the same function 
increases with 7 and the flux is directed away from the maximum 
density. In particular, as 7 > 0 at the boundaries of the system, 
these expand with a macroscopic velocity wa?F*%/7 ~ —d7/da. 
As a whole, the system therefore expands. This agrees with 
Brahic’s* conclusion. As Brahis derives the expansion from the 
conservation of the total angular momentum of the whole 
system and from a simultaneous decrease in its total energy, his 
result cannot be generalized for parts of a system. Their angular 
momentum may increase or decrease according to the inter- 
action with adjacent regions. A local contraction of matter is 
therefore possible. 

In the present report we are not studying the general expan- 
sion, but are testing the reality of the amplification of fluctua- 
tions which is predicted by equation (2) at high values of 7. 
Because Saturn’s rings exist, the time scale of the expansion 
must be long or some mechanism must prevent it. The formation 
of ringlets has a shorter time scale. Once the fluctuations have 
begun to grow, the gradient in equation (2) becomes progres- 
sively steeper and the flux increases until the finite size of 
particles stops the process. 

Previous simulations’ with a constant coefficient of restitution 
indicate that the validity of theoretical predictions with g = 1 is 


restricted by the condition Vi? » 4a/a. On the other hand, in a 
ring-shaped system of radial width w, the gradients in dently 
and lin the distribution functions are too high unless w/2 » av e°, 
avi’. This follows from the limits of validity for theoretical 
expressions”’. As Vi?/e” = 2/3 in the equilibrium State’, we can 
also write both conditions in the form w > 2ave? »420. If the 
sign > is interpreted to mean the ratio 5:1, the above condition 
can be written w =300c. The number of particles in a ring of 
optical thickness r is 2awr/o’. If r>0.75 as in the above- 
mentioned numerical example, and if o/a = 0.001, a system of 
450,000 particles is needed to satisfy the condition w > 300c. 
The large number of particles prevents the direct simulation of 
dense matter (Saturn's rings). Because the dependence between 
7 and a is of a statistical nature, one cannot even use a Monte 
Carlo method, which only increases the number of particles but 
does not change their statisties. We must therefore use an 
indirect method. 
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Semi-major axis 
Fig. 1 Radial distribution of particles during one simulation. The 
number of collisions is given beside each histogram. The cor- 
responding times are 0, 132,000, 247,000, 335,000, 403,000 and 
484,000 in units in whick o = 0.001 and ym = 1. 





Nature Vol. 292 30 July 1981 
PO a a et pa ee eee IA y eek 


0.140 pr T “ =r r 

















a eae Sa -r apais as pi 
0.1124 | 
g . . ý 
8 . 
= 0.084 F e ca 4 
£ no 
g a . ee ia 4 
0.056 » * e . “4 n ~ 
` y . “oe 
N p . . . 
oe oe . oe. me å . 
0028+ . ot 8 ., te, 3 s 
| oo. gets eee ae ae 
. ` Pas wee cote ” x .* 
0.000 i b. A aus a te : a 
0.5 0.7 0.9 Ll 1.3 15 


Semi-major axis 


Fig. 2 Inclinations of the orbits as a function of semi-major axis 
after 30,000 collisions. 


In rarefied matter, equation (1) gives the result a= 13/19, 
which has also been confirmed by a computer simulation’. 
Applying this result we can artificially force a rarefied system to 
behave in the same manner as a dense one. For this purpose it is 
sufficient to use a coefficient of restitution which depends on 


both v and r and produces the result d v?/dr <0, when the 

system adjusts itself to æo = 13/19. This corresponds to equation 

(1). The function a(r, v) can be so chosen that the simulation 

produces the same flux as equation (2) (but not with the same 

value of v°) if the elastic properties of matter are specified. 

Because we lack this informatign we can choose a(r, v) freely. 
In our simulations the restitijon coefficient was 


1 


a= yr k, To = constant (3) 
In units ym = 1, the constants of equation (3) are k = 1.91 x 10"? 
and ro = 7.52 x 107°. The number of particles in zones of width 
0.1 was used to calculate the local values of 7. The number of 
particles is 250 and their radius is 0.001. The initial distribution 
of zis proportional to (1.5 — a)(a — 0.5) while the initial values of 


° and Vi? are 0.049 and 0.032, respectively, As the number 
of particles is restricted, we cannot simulate a sequence of 
adjacent density fluctuations. It is therefore necessary to pick up 
just one condensation and to follow its evolution. To simulate 
the pressure of adjacent regions, the particles which were 
outside the initial zone 0.5<a<1.5 after a collision were 
brought back into it. The percentage of such impacts was usually 
<1%. A slow expansion of this zone would not change the 
result. The same process can also be interpreted as replacing the 
unknown mechanism which prevents the general expansion of 
boundaries in saturnian rings. If the post-collisional semi-major 
axis was <0.5, it was replaced by 1 ~a. If it was >1.5, it was 
replaced by 3 — a. This has no primary effect on the development 
of the central spike, because the maximum. change of semi- 
major axis in a collision is usually not larger than 2ea. Figure 1 
shows the evolution in the radial distribution of the particles in 
one of the simulations. The increase in density is clearly seen 
after 6,000 collisions and it continued when the simulation was 
stopped after 33,000 collisions. Contraction continues although 
the inclination was at its densest part ~2ø/a, which has pre- 
viously led to an increasing dispersion of the system”. The 
system thus achieved a state in which a was not able to reach its 
quasi-equilibrium value 13/19 but remained smaller. 

Figure 2 represents the distribution of inclinations as a 
function of the semi-major axis after 30,000 collisions. As can 
be seen the large inclinations in rarefied matter between the 
ringlets may well cause the observed thickness of Saturn’s rings, 
whereas the thickness of the ringlets is much smaller. 
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Extremely rarefied matter outside Saturn’s rings or self- 
gravitation or some external perturbation is needed to prevent 
the extreme borders of the whole sequence of ringlets from 
dispersing into space. If this is assumed, then the simulations 
show in accordance with the theory’? that an initially almost 
homogeneous ring of dense matter is spontaneously divided into 
ringlets. 
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Many of the current models of Uranus and Neptune postulate a 
three-layer structure, consisting of an inner rocky core, a middle 
‘ice’ layer of fluid, H,O, CHa, NH; and an outer hydrogen- 
helium layer of solar composition’. The estimated pressures and 
temperatures of the ice layer ranges from about 6 Mbar and 
7,000 K at the inner core-ice boundary, to ~0.2 Mbar and 
2,200 K at the outer ice/hydrogen—helium boundary. I point out 
here that shockwave experiments on these liquids’, as well as 
theoretical studies*™”, imply that the H,O and NH, in the ice 
layer are almost totally ionized and the CH, has been pyrolysed 
to carbon, possibly in the metallic or diamond form*”. 

In recent years shock-wave experiments have been carried 
out on all of the fluid constituents of the outer planets except 
helium. In a shock-wave experiment, the change in pressure, 
density, and energy, on compression are measured, but the 
temperature must be computed from the equation of state. A 
series of experiments starting from the same initial conditions 
(that is, the normal liquid) and spanning a range of final pres- 
sures and densities is referred to as a Hugoniot curve. Figure 1, 
in comparing some of these data for the ‘ices’ with an isentrope 
calculated for Uranus (Neptune is very similar) demonstrates 
the significance of the data to theoretical modelling studies of 
these planets. For methane the experimental data, only some of 
which is shown, consists of a principal Hugoniot up to 
0.45 Mbar, plus one data point reflected from 0.23 to 
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Fig. 1 Plot of some of the experimental shock-wave data for 

water (0), ammonia (A) and methane (©) in the range of 

temperatures and pressures believed to exist in the Uranus (and 
Neptune) ice layer. 
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Fig. 2 The Uranus (and Neptune) ice layer (straight line) 

compared with pressure and temperatures for the diamond phase 

diagram of Grover’. a, Diamond; y, graphite; Be metallic solid; 

Bı metallic liquid. Van Vechten’s” phase diagram predicts that in 

the region of the isentrope, above ~0.4 Mbar, carbon will be a 
liquid metal. 


0.91 Mbar. It has recently been shown that an apparent devia- 
tion from predicted molecular behaviour could be explained by 
the tendency for CH, to dissociate in these conditions’. These 
conclusions were based on chemical equilibria calculations 
which predicted that above 0.20 Mbar and 2,000 K, methane is 
converted into elemental carbon and molecular hydrogen, 
Recent theoretical calculations on Hugoniots of many hydro- 
carbons indicate that shock heating induces breaking of the C-H 
bonds, and the compression encourages condensation of the 
dissociated carbon atoms into a residue’. If we assume that the 
hydrocarbons have been completely converted into a mixture of 
condensed carbon and molecular hydrogen, we can use known 
equations of state for each of these materials to compute high- 
density Hugoniots that are in excellent agreement with the 
experimental hydrocarbon data. The results of similar cal- 
culations for molecular methane® also agree with the experi- 
mental data suggesting that the final product is also hydrogen 
and a carbon residue. 

The Uranus isentrope is shown again in Fig. 2, this time 
plotted with the recently proposed carbon phase diagrams of 
Grover”. Van Vechten’ had previously proposed a carbon phase 
diagram. Although they differ somewhat in detail above 3,000 K 
and 0.4 Mbar, they do agree in predicting that below these 
conditions carbon will exist in the well-known 4-coordinated 
diamond form. Above these conditions Grover predicts that 
carbon along the planetary isentrope will be in a metallic solid 
phase whereas Van Vechten predicts a liquid metallic phase. In 
Van Vechten’s theory the close-packed metal becomes liquid at 
temperatures well below those of the planetary ice layer. Cur- 
rently, hydrogen is believed to become a metal somewhere 
between 2.0 and 5.0 Mbar. Consequently, over much of the 
higher pressure range of the isentrope the hydrogen freed from 
the molecular methane will also be metallic and may form a 
metallic carbon hydrogen mixture. 

As indicated in Fig. 1, shock-wave data on water and 
ammonia, including electrical conductivities, have been 
measured over part of the Uranus (Neptune) pressure- 
temperature range. The electrical conductivity data shows that 
above 0.2 Mbar and about 2,000 K the conductivities become 
constant at ~20-30S cm™’, as if the processes leading to ion- 
ization have become saturated. Water has apparently become 
fully ionized’. For ammonia similar results have been observed’. 
Consequently we must conclude that in the Uranus and Neptune 
ice layer H:O and NH; are not molecular but ionic, and that the 
carbon in methane has been converted to a diamond or metallic 
phase with molecular or metallic hydrogen. Shock-wave data on 
diamond and graphite shows that the carbon condensate at a few 
megabars will be denser than NH; or H,O and, unless it is highly 
soluble in the fluids, may separate out and sink below to form a 
denser layer. 
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The electrical properties of these ices are of great interest 
because they can lead to an explanation or a prediction of a 
magnetic field. The motion of charged particles trapped in such 
magnetic fields generates radio waves. There is one report of 
possible radio signals from Uranus, but there have been no 
similar reports from Neptune’’. The significance of a conducting 
layer of carbon may be very great because it is estimated that the 
mass of available carbon in Uranus and Neptune is 17% of the 
total planetary mass’. 

Work performed under the auspices of the US Department of 
Energy by Lawrence Livermore National Laboratory under 
contract W-7405-Eng-48. 
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A refined estimate of 
the fine structure constant 


John Ellis & D. V. Nanopoulos 
CERN, CH 1211 Geneva 23, Switzerland 


Quantum electrodynamics (QED) is an immensely powerful 
theory whose validity extends over distance scales from 107" cm 
to light years. But it is unsatisfactory for many reasons, not least 
of which is the arbitrariness of the electromagnetic coupling 
strength, the fine structure constant a, and the incomprehen- 
sible commensurability of the electric charges of different parti- 
cles. When extending QED to distances smaller than 107** cm it 
is common to combine it first with the weak interactions’ and 
subsequently with the strong interactions into a grand unified 
theory (GUT) of all elementary particle interactions**. The 
incorporation of QED and the other fundamental interactions 
into a GUT is only possible if these interactions and the particles 
experiencing them satisfy some non-trivial constraints‘. It is 
well-known that the incorporation of QED into a simple unify- 
ing group imposes charge quantization*”*. Stability of baryons in 
GUTs requires the grand unification energy scale my to be 
=10™ GeV. Couplings in renormalizable field theories such as 
QED evolve logarithmically with energy, and for the effective a 
to be less than unity—necessary if the GUT is to make sense— 
then >1/25 (ref. 7). We point out here that within the same 
standard set of grand unifying assumptions used previously, a 
much more refined estimate of the fine structure constant is 
possible: 1/1202 a 21/170. We use only the general obser- 
vations“ that light fermions can be grouped into ‘families’ or 
‘generations’ of 15 helicity states, that the strong interactions 
become strong of a scale of the order of 1 GeV, and that any 
grand unification energy scale must lie between 10** (for bary- 
ons to be stable enough) and 10° GeV (the energy at which 
gravity becomes of unit strength). We know of no other 
theoretical framework” for particle interactions which can pro- 
vide such convincing and restrictive constraints on œ, and we find 
it hard to believe that the experimental value of a = 1/137 is a 
coincidence. 

We now recall some basic features of the GUTs before 
deriving our upper and lower limits of a (for more complete 
descriptions see refs 6, 7, 9). The strong interactions are 
described by a non-Abelian SU(3) gauge group, while the weak 
and electromagnetic interactions are described by a theory’ 
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based on the group SU(2) x U(1). The ratio of the gauge coup- 
ling constants gz and g, in this theory is arbitrary, and is 
parametrized by sin’6w, and the fine structure constant a =a, 
sinw where a2 = g2/47. The strong, weak and electromagnetic 
interactions act on fundamental fermions, the quarks and 
leptons, which seem to be arranged*’ in sets of 15 helicity states 
called ‘families’ or ‘generations’. GUTs combine the different 
SU(3), SU(2) and U(1) gauge interactions into a simple group G, 
and assign the fermions to 15 dimensional representations of G. 
It has been emphasized® that it is not trivial that the observed 
fermions fall into representations of ‘low energy’ symmetries 
which can be grand unified. 

Grand unification introduces new gauge interactions between 
the fermions which violate baryon and lepton number conser- 
vation. They are mediated by heavy gauge bosons of masses mx 
heavier than 10'* GeV if protons and bound nucleons are not to 
have lifetimes shorter than the present experimental lower 
limit’® of 10% yr. In their present formulations, GUTs do not 
include gravitation''’?, As quantum gravity effects (such as 
one-graviton exchange) become important at energies compar- 
able with the Planck mass of 1.2 x 10’° GeV, it follows that the 
grand unification mass scale must be <10°° GeV if the GUT 
concept is to make sense. 

The grand unification mass scale can be estimated’? using the 
renormalization group'*"’, the idea being that while the SU(3), 
$U(2) and U(1) coupling constants are equal above this scale, 
below it they have different logarithmic dependences on the 
effective energy scale at which they are measured. This is how’? 
the SU(3) interactions can become strong at energies of the 
order of 1 GeV, while the SU(2) x U(1) weak interactions can be 
weak at low energies. For the GUT philosophy to be viable, the 
‘low-energy’ weak interactions must be neither too strong—in 
which case grand unification would occur at too low a mass scale 
and baryons would decay too fast-—nor too weak—in which case 
grand unification would not occur before the Planck mass and it 
would have been wrong not to have included gravity. 

The fine structure constant a =a sin?@y, where sin?@w is 
determined by GUT to be 3/8 in the symmetry limit above the 
grand unification scale**"*. (The variation of sin?@w below this 
scale has been computed’*'*!’, and the value of 0.21-0.22 
found at low energies lies within 1s.d. of the present experi- 
mental value (I, Liede and M. Roos, personal communication).) 
Knowing the symmetry value of sin’6y we can translate the 
‘grand unifiability’ restriction on the weakness of the weak 
interactions into upper and lower limits on « itself. In the 
leading order approximation, the renormalization group equa- 
tions at energy scales Q between 100 GeV (= mwa, mzo) and 
the grand unification scale my tell us that 
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if we only include GUT representations of fermions and gauge 
bosons. From renormalization, if a3(Q) is of the order of 1 on a 
typical hadronic energy scale then it should be of the order of 
0.1-0.2 when Q ~ 100 GeV (refs 18-21). There is also a change 
in the effective a (Q) between its value at the Thompson limit 
Q = 0, which is where we define and measure a, and its value at 
Q=100 GeV: 
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If we use these low energy renorrnalizations of a3(Q) and a (Q) 
and require 10'* GeV < mx < 10°° GeV in equation (1) we find 
1/119<a@<1/174 which we have rounded off to the values 
quoted earlier. Including a possible light Higgs boson into the 
leading order renormalization group equations changes these 
bounds by ~1%. 

Any theorist working on grand unification would have known 
that 
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and put in the known value of œ to determine mx in minimal 
GUTs within a factor of 10 or less”. However, to our knowledge 
no-one has inverted the procedure and pointed out how tightly 
constrained a grand unfiable a must be. Indeed the previous’ 
upper limit on a from GUTs was much weaker than the present 
one. The most precise estimates?” of mx have gone beyond our 
leading order formula (1) to include all the Inc and ° terms of 
equation (3). As we intend to convey a qualitative message, we 
will not repeat all those calculations here. However, we 
emphasize that they should enable one to make an even more 
refined estimate of a if baryon decay is ever observed. This is 
because the baryon lifetime?” is very sensitive to the value of mx: 


4 
mx 
6x 10"* a) (4) 
Hence a determination of Tparyon Should enable us to fix mx 
within a factor of 1.5 or so. This 10-fold improvement in 
bounding mx would in turn enable us to estimate a ~' an order of 
magnitude more precisely say to +3. The fact that æ lies closer to 
the upper limit we have established gives us hope that mx is 
closer to 10°* GeV than to 10° GeV, and more detailed 
estimates in popular GUTs strongly suggest”? that the baryon 
lifetime is sufficiently short to be detectable in the forthcoming 
generation of experiments. 


T baryon ™ 8 x 10° yrx ( 
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Dynamical symmetry in 
the quadratic Zeeman effect 


C. W. Clark & K. T. Taylor 


Science Research Council, Daresbury Laboratory, Daresbury, 
Warrington WA4 4AD, UK 





Zimmerman, Kash and Kleppner’ have recently posulated the 
existence of a ‘hidden’ symmetry in atomic hydrogen in a 
uniform magnetic field. We have drawn similar conclusions from 
independent work’. Here, we show that the quasi-constant of 
the motion in this system can be related in a simple way to the 
asymptotic form of the quantum mechanical wavefunction. This 
development is consistent with the broad outline drawn by 
Fano** who has emphasized the role of this particular problem 
as a member of a large and important class of dynamical systems 
characterized by the existence of motion along a ‘ridge’ of a 
potential surface. 

Such motions are intrinsically unstable, because a fall off the 
ridge into a region of lesser potential is always possible. Never- 
theless, it is frequently the case that important observable 
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quantities are determined solely by these unstable motions. This 
has long been known** to be so for the most prominent other 
member of this class, the system of two electrons escaping 
simultaneously from the field of an ion, which occurs in prob- 
lems of electron impact ionization and multiple photoionization 
of atoms. Thus, a thorough understanding of the quadratic 
Zeeman effect, necessary in itself for the interpretation of 
current experiments, may also be relevant to more general 
questions of atomic dynamics. We draw special attention here to 
the analogy provided by the problem of two-electron escape, in 
which competing modes of partial escape 


etetA*™* +e+(A°)* 


give rise to the Wannier threshold law’. 

We focus our discussion on the interpretation of Fig. 1, the 
bottom frame of which shows the oscillator strength for dipole 
transitions from the ground state of hydrogen to excited states 
with a single quantum of angular momentum in the direction of 
the magnetic field. These ‘experimental’ data were obtained by 
diagonalizing the hamiltonian within a large basis (~1,500) of 
sturmian functions, using a set of banded matrix routines 
developed at the National Physical Laboratory which have been 
implemented on the CRAY-1 computer at Daresbury. The field 
strength is 4.7 T. Transitions to these states would result from 
absorption of light with circular polarization about the axis of 
the magnetic field. The lowest cluster of lines shown corresponds 
to the perturbed manifold of hydrogenic states with odd parity 
and principal quantum number n = 23. As the energy of the final 
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Fig. 1 The oscillator strength for absorption of circularly 

polarized light by atomic hydrogen in the ground state, for photon 

energies below the ionization limit. a, The principal series: 

b~d, second, third and fourth series; e, all lines present in this 

energy range. The abscissa is the total energy minus the Hnear 
Zeeman shift. 
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state increases the line clusters interpenetrate, with a surprising 
lack of mutual perturbation among lines of comparable oscil- 
lator strength with nearly equal energy. We are thus led to view 
this spectrum as a superposition of many essentially indepen- 
dent line series. The first four such series, in order of spec- 
troscopic prominence, are drawn out in the upper frames of Fig. 
1 (the 16 lowest members of each series only are displayed in 
these frames). Complementary evidence for this classification 
scheme can be inferred from the independent work of Zim- 
merman etal., who have shown the dependence of lower energy 
levels on magnetic field strength at stronger fields. Their plots 
exhibit many near crossings of energy levels, which would be 
forbidden on general grounds’ except in the presence of an 
additional constant of the motion. 

Corroborative information is obtained by examining the 
appropriate solutions to the quantum mechanical equations of 
motion. The hamiltonian for this system, if the centre-of-mass 
motion and relativistic effects are disregarded, is the same as that 
for a hydrogen atom in the absence of a field, with an additional 
term describing the interaction of the electron with the field. 
This term contains a part that is linear in the field strength and 
depends only on the projection of the electron’s. angular 
momentum on the field direction; this gives rise to the familiar 
linear Zeeman effect, which consists of a constant energy shift of 
all lines in the spectrum of Fig. 1. The remainder of the magnetic 
interaction is quadratic in the field strength, and results in the 
Schrédinger equation (in atomic units) 

18 $ P 1 

2ar? 2r? r 

where I is the electron angular momentum operator, B one-half 
the magnetic cyclotron frequency, @ the angle between the 
magnetic field B = BZ and the electron position vector ř, and € is 
the total energy minus the linear Zeeman shift. The last term on 
the left-hand side of equation (1) is a repulsive potential which 
assumes its maximum value in the plane z = 0. Because of the 
very small value of B (8 = 107° for a 4.7 T field), this term has a 
significant effect on the motion only at large distances r, where 
the potential surface takes the form indicated in Fig. 2. The 
equipotential surfaces are essentially spherical at small r, and 
cylindrical at large r. Thus, in photoabsorption the initial state of 
the electron, being tightly bound to the nucleus, is essentially 
spherical; the final state, which has significant amplitude at large 
distances, must eventually conform to the cylindrical geometry 
of the potential surface there. Understanding this transition 
between disparate geometries has constituted a major difficulty 
for the theory. In the problem of double photoionization also, 
the initial state has a more or less spherical symmetry, and the 
two electrons are not too strongly correlated. Dynamical analy- 
sis shows, however, that the only final state configurations which 
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Fig.2 The equipotential lines for electron motion in the field of a 
proton and a 4.7 T magnetic field. The ordinate is the angle 8 
subtended by the position vector and the magnetic field, the 
abscissa the electron-proton distance, R, in units of Bohr radius. 
The rightmost equipotential line corresponds to the energy e = 0; 
the energy spacing between successive lines is one-fifth of the 
magnetic cyclotron frequency. A potential ridge is apparent at the 
angle @ = 90°. 
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Wavefunction ( x 1077) 





Fig. 3 Wavefunction versus angle along the appropriate turning 

line for selected states of the first four series. First row: the 1st, 5th, 

10th and 16th states of the principal series as indicated in Fig. 1; 

second and third rows: the corresponding states of the second and 

third series; fourth row: the 1st, 5th, 10th and 15th states of the 

fourth series, the 16th state being strongly perturbed. All wave- 
functions are symmetric about 90°. 


lead to double ionization are those in which the two electrons lie 
at equal and opposite distances from the ion. Such configura- 
tions are unstable and can be considered as located on a ridge of 
the potential describing the interaction among the three par- 
ticles of the system. A fall off the ridge results in capture of one 
of the electrons into a high Rydberg state. In our Zeeman 
problem the quadratic potential displays a ridge in the plane 
z=0. We shall show that a large fraction of the oscillator 
strength is associated with motion of the electron along this 
ridge, as has been suggested by early semi-classical treatments? 
of the problem. In this case the fall off the ridge leads to escape of 
the electron along the magnetic field. 

We consider first the principal series of Fig. 1, the members of 
which are shown in the top frame. We have computed accurate 
wavefunctions for the states of this series using the method 
indicated above, which has been described in more detail else- 
where’. Briefly, each wavefunction is represented by expansion 
in terms of products of spherical harmonics and sturmian 
functions, the coefficients of which are determined by the 
diagonalization of the hamiltonian matrix. In the absence of a 
magnetic field these states would reduce to hydrogen wavefunc- 
tions with angular momentum /=1, and would carry all the 
oscillator strength. If the effect of the field is regarded as 
perturbative, which is appropriate for the lowest members, some 
higher angular momenta are mixed in with a resulting diminu- 
tion in the oscillator strength. The higher members of this series 
are not characterized by the predominance of any one value of 
the angular momentum at small r. If, however, we look at the 
wavefunction at large r a simple consistent pattern emerges. 
Figure 3 shows the variation of the wavefunctions for some of 
these states along their classical turning lines, that is, those lines 
of Fig. 2 for which the equipotential energy is equal to the energy 
of the states. The wavefunctions are evaluated simply by sum- 
ming the weighted individual values of the sturmian and spheri- 
cal harmonic functions, computed by recursion formulae over 
the locus of the equation 487r? sin? @—1/r=e. It is seen that 
the states of the principal series may be characterized by having 
no nodes along their turning lines, and have a significant 
concentration of amplitude on the ridge. If, on the other hand, 
one examines the wavefunctions for these states in the z =0 
plane, it will be seen that each successive state has an additional 
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node along the ridge. This is the source of the rather close 
agreement of the energies of these levels with that predicted by 
the simple two-dimensional WKB theory’*, The subsequent 
series admit a similar classification. The states of the second 
series exhibit two nodes along the turning line, those of the third 
exhibit four, and those of the fourth, six—the number of nodes 
increases by two between series because all these states are 
necessarily even under reflection in the plane. The states with 
odd numbers of nodes, not shown in Fig. 1, have wavefunctions 
which vanish on the ridge and have much smaller oscillator 
strengths; these would be obtained in absorption of light 
polarized in the direction of the magnetic field. 

Thus, the magnitude of the oscillator strength associated with 
a given state is directly correlated with the localization of its 
wavefunction on the ridge at large distances. Moreover, the 
spread of the wavefunction off the ridge occurs in a regular 
manner for the states of greatest spectral prominence. The 
members of a given series differ by their degree of excitation 
along the rising ridge of the potential; the separate series are 
distinguished by the degree of excitation of the unstable motion 
across the ridge. This picture of two nearly uncoupled modes of 
oscillation, which holds at least throughout the energy range of 
Fig. 1, explains the observed weakness of interseries pertur- 
bations. Note that this classification is an approximate one, and 
that some states, for example the 15th member of the third series 
and the 16th member of the fourth, show marked departures 
from the regular scheme. However, these isolated irregularities 
occur, in every case examined so far, when lines from separate 
series coalesce. Although one cannot extrapolate these results to 
higher energies or other atoms with complete confidence, never- 
theless, it seems probable that the major structures seen in 
photoabsorption cross-sections at energies above the ionization 
limit? are due to resonance states which can be placed in a 
principal series. The secondary features which are seen would 
then be associated with the higher series, and should be expected 
to be broadened more rapidly with increasing energy due to the 
greater probability of escape off the ridge. 

Localization of a quantum mechanical wavefunction in a 
region of maximum potential, although at first seemingly 
contradictory, is probably a phenomenon of general 
importance. For example, the occurrence of barrier top 
resonances in heavy ion direct reactions have been analysed by 
Friedman and Goebel'®. Some qualitative remarks are sugges- 
ted by the form of the line clusters in the low energy region of 
Fig. 1e. If viewed in the framework of degenerate perturbation 
theory, the energy levels within a cluster are isomorphic to the 
eigenfrequencies of a chain of oscillators with nearest-neigh- 
bour coupling"'. If the spring constants along such a chain were 
uniform, a sinusoidal distribution of energy levels would be 
obtained and the eigenmodes of oscillation would be standing 
waves. This occurs, for instance, in the simple Hiickel model for 
a m electron system of conjugated double bonds, resulting in 
electron wavefunctions which are entirely delocalized. If, 
however, the coupling along the chain is non-uniform—cor- 
responding to the insertion of a substitutional impurity in a 
Hickel molecule—the eigenmodes of oscillation must become 
partially localized. In our problem the analogous nearest- 
neighbour coupling is non-uniform, and gives rise to a linear 
distribution of energy levels at the extremities of each cluster. 
The wavefunctions of states at the top and the bottom of a 
cluster are then necessarily localized, respectively, in the regions 
of maximum and minimum potential. 
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Although the chemical kinetics of reactive species in water at 
temperatures above 100°C has received very little attention, 
the radiation chemistry of aqueous coolant at the high pressures 
(150 bar) and temperatures (330 °C) of pressurized and boiling- 
water nuclear reactors is of obvious interest to reactor chemists, 
engineers and designers’. There is a wealth of data’ on rate 
constants for reactions of the radiolytically important radicals 
e3 H, OH, O°, HO, and O; at room temperature, but only a 
few rates have been measured? up to 90 °C and only one‘ up to 
200 °C. It has thus become common*” to calculate the rate 
constants required for modelling water radiolysis in reactor 
conditions by extrapolating room temperature data using the 
Arrhenius equation k = A exp (— E/RT) where E, the assumed 
activation energy, has a value in the range 12-20 kJ mol™*. We 
report here the failure of this method to predict the rate of 
reaction of hydroxyl radicals with bicarbonate at temperatures 
up to 200 °C. 

We are making a systematic study of the reaction kinetics of 
the primary radicals and their secondary products, formed in the 
radiolysis of water, using pulse radiolysis—kinetic spectropho- 
tometry over the temperature range 25-200°C. Simul- 
taneously, measurements are being made of the effect of 
temperature on yields of the primary radicals, as this is another 
area where data are sparse and conflicting’*”'*. 

We began by studying the hydroxyl radical reaction with 
bicarbonate ion for two reasons: first, this reaction has already 
been investigated at room temperature’, and second, it will 
occur when alkaline water is exposed to air and radiation, as 
happens in nuclear power operations, 

The rate of reaction (1) was measured by observing the 
formation of the carbonate radical ion CO; which has an optical 
adsorption band with a maximum at 600 nm, in nitrous oxide- 
saturated solutions of sodium bicarbonate at natural pH. 


OH+HCO; > CO; +H;0 (1) 
ez, +N,0 > N,+OH + OH (2) 
CO3+CO3 — CO, + CO7 (3) 


Conditions were chosen to ensure that reaction (2) was too fast, 
and reaction (3) too slow, to interfere in the measurement of k. 

The solution was contained in a conventional Pyrex—quartz 
flow system inside a pressure vessel and subjected to an over- 
pressure of helium at 20 bar to prevent boiling. The temperature 
of the solution was measured with a thermocouple in a quartz 
sleeve which protruded into the radiolysis cell, The ther- 
mocouple was checked by observing the boiling point of water as 
a function of pressure and this showed that the error in the 
temperature readings was <2 °C. The radiation source was a 
Van de Graaff accelerator producing 0.6-u8 pulses of 3-MeV 


* Present address: Atomic Energy of Canada, Chalk River Nuclear Laboratories, Ontario, 
Canada. 








0028-0836 /81/310439—03$01.00 


© 1981 Macmillan Journals Lid 


Nature Vol. 292 30 July 1981 





1075 k observed (s~ +) 
S 





107? 2x 10°? 
{[HCO3] 


Fig. 1 Observed first-order rate constant for build up of CO; 
absorption at 308 K. 


electrons. The dose per pulse was ~1 krad and five pulses coùld 
be given to each sample of solution without producing a detect- 
able change in the results. The sample was renewed at each 
temperature. 

There was no change in either the shape or the intensity of the 
spectrum of CO; with temperature. As G(CO;)= 
Gie,,) + G(OH), this indicates that there is little change in the 
yield of these primary species up to 200°C. 

The dependence of the observed pseudo-first-order rate 
constant on [HCO3] is shown in Figs 1 and 2 for 35 and 196°C 
respectively. Second-order rate constants are plotted according 
to the Arrhenius equation in Fig. 3. Here the data have been 
corrected for changes in activity resulting from changes in the 
density of water’* and the equilibrium constants’ K, and Ks. 


HCO; HCO; +H* (4) 
HCO; C07 +H* (5) 
Activity coefficients were calculated using extended Debye- 


Hiickel theory’® with appropriate constants” for the tempera- 
ture range 25-200°C. The largest correction (for 3x 
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Fig. 2 Observed first-order rate constant for build up of CO3 
absorption at 469 K not corrected for changing density or activity, 
with temperature. True k = &,,/0.84. 
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107° mol dm™ bicarbonate at 200°C) was only 5%, and the 
most important factor was the density of water, for which the 
largest correction was 14%. In all cases [CO3"]<0.01 [HCO3] 
and we estimate the contribution of reaction (6) to the observed 
rate of formation of CO; to be (10+ 1)% over the whole range 
of temperature and [HCO3] (based on our unpublished 
measurements of k(OH+CO3") in the range 25~200 °C). 
Accordingly, the data in Fig. 3 have been reduced by 10%, 
although such a correction does not alter the shape of the 
Arrhenius plot and is less than the spread of the data (+20%) 
about the solid curve. 


OH+COZ -> CO; +OH™ (6) 


There is no evidence for reaction of OH with carbonic acid and 
we assume that it can be neglected. 

Figure 3 clearly shows that the data for k, do not obey the 
Arrhenius equation, but the deviation is not obvious below 
100°C. The low temperature data extrapolate to k,~ 
10° dm? mol s™* at 330°C with an apparent activation energy 
~14 kJ mol™', whereas the high temperature results give k, = 
2 x 10° dm? mol”! s~" and show scarcely any apparent activation 
energy. A reaction scheme which is consistent with the data is 


OH+HCO; = X —+ H,O+CO3 


where X is an adduct of OH and HCO}. The adduct could be a 
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Fig. 3 In (corrected observed second-order rate constant) as a 


function of reciprocal temperature (K~™}). The solid curve is a fit of 
the data according to the mechanism 


ky ke 
OH+HCO; = X —— CO3 + H30. 
ky 


O, 3x107; x, 2x 1077; +, 1x107; O, §x 1073; A, 3x10 
mol dm™? HCO;. 


carbon-centred radical, which rearranges to an oxygen-centred 
one and then splits off water to leave CO}. 


HO. O HO a O oO 
N Z£ Slow N P Fast \ Z 
mA —> <a > i +H,0 
Z 

O -O OH O. 

N 

OH 
Then, 

kake A, exp (—E,/RT) 

Kobs = 








kytke 1+(A,/A) exp (E.-E,)/ RT) 


The solid curve in Fig. 3 has been calculated with A, = 
1.3x 10" dm? mols”; A/A = 1.2% 10°; E, = 
18.9 kJ mol; E,- E, = 21.3 kJ mol. Unfortunately, the data 
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have not been obtained over a sufficiently large temperature 
range to fix these parameters to better than 50% for E, and 
E,-E, or within an order of magnitude for A, and A,/A.. 
Experiments are planned which will extend the temperature 
range to 2330 °C. 

In spite of the present limitations in the data, they demon- 
strate quite clearly that the extrapolation of linear Arrhenius 
plots of rate constants measured at low temperatures (<100 °C) 
to obtain their high temperature values could be quite mislead- 
ing, and that experimental measurements at temperatures 
pertaining to nuclear reactor operations need to be made if 
water radiolysis is to be modelled correctly in these conditions. 

We thank Rod Brown, Brian Hale, Frank Hambleton and 
Philip Wright for technical assistance and advice. 
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A recent study’ has shown how acidity profiles along dated 
Greenland ice cores can reveal large volcanic eruptions in the 
Northern Hemisphere during the past 10,000 yr. It has been 
suggested that these layers of acidic ice in the polar ice sheets 
may also be detected by airborne radio-echo sounding (RES) 
techniques as stratification echoes’. Explosive volcanic erup- 
tions eject large amounts of SO, into the stratosphere* where it 
forms an H,SO, aerosol®. Studies of Antarctic snow’ and 
Greenland ice cores” show that this material can be deposited in 
layers of large areal extent on polar ice sheets. Calculations 
based on observations of these slightly acidic layers show that 
they should give rise to radar reflections of similar magnitude to 
those observed for stratification echoes. New RES data from the 
Antarctic enables the present comparison to be made between 
observed layer power reflection coefficients (PRCs), and cal- 
culated values for reflections from acidic ice layers and from 
layers of ice of changed density. A gap in layering has been 
identified which seems to coincide with a similar gap reported in 
Greenland at Crête”; profiles of layer PRC against age show a 
common pattern for many sites on the Antarctic ice sheet. This 
PRC/age profile may provide a record of explosive volcanic 
activity for the Southern Hemisphere over the past 150,000 yr. 

During a joint Antarctic RES Programme conducted by the 
NSF, the Scott Polar Research Institute and the Electro- 
magnetics Institute of the Technical University of Denmark 
(TUD), calibrated A-scope radar displays (showing retur- 
ned/transmitted power versus range, Fig. 1) from the 60 MHz 
TUD ice-sounding radar were recorded, from which PRCs for 
internal layers were obtained after allowing for geometrical 
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Fig. 1 Calibrated A-scope record from near Crête, Greenland. 
Note gap in layering at 1,700~2,100-m depth. 


spreading and absorption losses’ to give profiles of layer PRC 
against depth (see Fig. 2a). Errors are estimated to be + 10 m for 
depths and +2 dB for PRCs; layer reughness causes the echo 
strength to fluctuate rapidly over a 19 dB range as the aircraft 
moves so that repeated, closely-spaced measurements are 
necessary to average out this effect. 

Fluctuations in ice density have been suggested”"'' as a cause 
of layer echoes in ice sheets, and stratigraphic analysis’? of ice 
cores indicates that clear ice layers (millimetres thick) and 
similar features do occur in the upper parts. A simple expression 
for the maximum density contrast between clear ice and ‘bubbly’ 
polar ice as a function of depth’ (which compares well with 
estimates from the density profile of Byrd Station, Antarctica) 
has been used to compute the upper limit of PRCs from this 
mechanism (Fig. 2a, solid line). At Byrd observed PRCs are 
~10-20 dB weaker than this limit, but decrease with depth in 
the same way; this is consistent with the observation of 
occasional density fluctuations in the core”, 

At Byrd the ice is completely bubble-free below 1,100 m (ref. 
13) and so this mechanism cannot apply to the deeper echoes 
seen. Paren and Robin” suggested that deeper layer echoes are 
caused by layers of ice of changed logs tangent, due to changed 
impurity levels, and Hammer“ thought that acids of volcanic 
origin may provide the impurity. It is suggested here that varying 
concentrations of such acids are the only plausible cause for 
changes in loss tangent detectable by RES. The highest acidity 
ice layers observed in the 400 m core from Crête are believed” to 
coincide in depth with layer echoes, however, no comparison of 
reflection coefficients was attempted. In the absence of experi- 
mental measurements of the loss tangent of acidic polar ice, 
approximate estimates of the PRC fer a layer of ice containing 
an elevated H* concentration are made from laboratory 
measurements’ of the high frequency (h.f) conductivity of 
HF-doped ice. The difference in loss tangent, A(tan ô), between 
pure ice and ice doped with acid is in theory’® related to the 
associated change in h.f. conductivity, Ao: 


Altan 8) = Ao./2arfe'eg (i) 


where e’ is the permittivity of polar ice, gẹ the permittivity of 





Table 1 Observed concentrations of acids in polar ice sheets following 
known volcanic eruptions, and estimated high frequency conductivities 
and power reflection coefficients 





Peak h.f. 
Peak H* conductivity R, 

Eruption (mmolm™*) (Sm x 107°) (dB) 

Thera (1390 Bc) 4.5 7.0 -83 
Eldgja (AD 934) 20.0 30.0 ~64 
Hekla (1104) 5.5 9.0 -79 
Laki (1783) 21.0 30.0 on Bd 
Tambora (1815) 8.0 15.0 -72 


Katmai (1912) 4.5 7.0 ~83 
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Fig.2 a, PRC/depth profile (at site 
~100km north-west of Dome C) 
from many power measurements 
obtained with the TUD 60 MHz 
radar, using a 250-ns pulse length, 
4-MHz receiver bandwidth and 
~10-kKW peak power. Solid line 
shows maximum PRC expected from 
density fluctuations, and shaded area 
is that beyond the theoretical detec- 
tion limit. b, Corresponding section 
of Z-scope film (a differentiated, 
intensity-modulated version of the 
power return against time along 
flight-track); dotted lines connect 
groups of PRC measurements with 
layers. 
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free space and f the radar carrier frequency. The high mobility of 
the H* ion is thought to dominate the h.f. dielectric properties of 
acid-doped ice, and so the nature of the anion will be expected to 
be of secondary importance. Impurities other than H* do not 
alter the loss tangent sufficiently (except in very high concen- 
trations) to give detectable echoes. PRCs for a single interface 
(R,) and a thin layer (R) of ice of changed loss tangent may then 
be obtained from the relations given by Paren and Robin: 


R=4sin?(2ql/A)R; (2) 
R,=1/16[A(tan 6)? (3) 


where / is the layer thickness and A the radar wavelength in ice. 
Table 1 shows measured H* concentrations associated with 
several large historical eruptions’, and estimated h.f. conduc- 
tivities and PRCs; errors in estimating R, are thought to be 
<5 dB. The estimated values are similar to those observed in the 
deeper ice below the region where density effects dominate. 
Little temperature dependence of PRC on H* concentration is 
estimated at temperatures above —40 °C, so any variations of 
PRC with depth are expected to reflect past volcanic acid input 
to the ice sheet. PRC/layer age profiles from widely spaced 
Antarctic sites show many common features (Fig. 3), and this 
pattern may thus be interpreted as a record of the varying 
amounts of volcanic acid deposited on the ice sheet at different 
times. 

Dated Z-scope layering from several Antarctic sites also 
reveals a common gap at ~ 15-20 kyr BP (this is not obvious on 
individual Z-scope records due to the close spacing of layers in 
the Antarctic), which seems to be simultaneous with a similar 
gap in layering at 1,900-2,300 m depth at Créte® and dated’ at 
~ 13-23 kyr BP. The uniqueness and coincidence of these gaps 
suggest a common cause: one possibility is chemical neutraliza- 
tion of volcanic acids by calcareous dust blown on to the ice 
sheets at the end of the last glaciation, due to exposure of former 0 50 100 150 
shallow water areas. Large increases in ice calcium levels are Age (kyr BP) 

BR at ENEA Ta ERE ea ey ae A Fig. 3 PRC/age profiles for layers observed at South Pole, 
ANG AR SAMP ENY E RETN gly Vostok, Dome C and two sites (1) ~100 km south-east and (2) ~ 
during this period. Such neutralization could affect the PRC/age 100 km north-west of Dome C. Bars indicate standard errors in 
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Vostok 


100km SE of 
Dome ‘C’ 


Power reflection coefficient (dB) 


profiles at other times, but this is thought to be unlikely because power reflection coefficients and dashed lines join layers followed 
of the steadier Ca levels'* before 20 kyr BP, the probable link between sites on the Z-scope record. Dotted lines indicate sugges- 
between Ca dust production and the end of the glaciation, and ted common features (data do not exist to enable layers to be 
the lack of any other gaps in Z-scope layering. The PRC/age followed on the Z-scope record). 
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pattern may therefore provide a useful indication of past vol- 
canic acid input to the ice sheets, reflecting explosive volcanic 
activity in the Southern Hemisphere. 

Conventional airborne echo sounding has already proved 
valuable in revealing the flow structure of the ice. The extension 
of the technique, using purpose-built radars (with better resolu- 
tion) to the field of ice chemistry offers advantages of speed, 
economy, and the ability to sample the ice over representative 
areas, rather than at isolated points (with inherent uncertainties 
due to accumulation variability) plus deep penetration and 
consequently a long time scale. Such a technique should be 
complementary to drilling as core results are necessary to ‘cali- 
brate’ the radar results. 

I thank Dr G. de Q. Robin for supervision, and Drs C. U. 
Hammer, C. S. Neal, S. Overgaard and J. G. Paren for useful 
discussions and encouragement. Dr S. Overgaard (TUD) gave 
permission to reproduce Fig. 1. Logistic support was provided 
by the NSF and financial support in the form of a Research 
Studentship from the NERC was much appreciated. 
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There are three zones in the Gibraltar area where intermediate 
depth earthquakes occur down to 150 km. Two of these, the 
Gulf of Cadiz and the western Alboran Sea, are oceanic areas 
which could be associated with the subduction of oceanic 
lithosphere. Our present measurements of arrival times of P and 
S waves show, however, that the third zone beneath the High 
Atlas is a typical intracontinental chain, where it is not likely that 
oceanic lithosphere has been subducted during the past 20 
million years. 

In the oceanic domain, West of 15 °W, the Azores-Gibraltar 
seismicity clearly outlines the Eurasian—African plate boundary. 
Towards the East, however, where the continental domain 
begins, previous studies have shown the presence of widely 
scattered epicentres’” that have led to postulations of an 
Alboran buffer sub-plate. Precise relocations reduced the scat- 
ter and the seismicity can rather be interpretated as a reac- 
tivation of old tectonic fauits**. 
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Table 1 Velocity structure for HYPO71 








Thick continental 


Mean continental Oceanic 
zikm) v(kms!)  z(km) víkms™) zikm) vms”) 
0 6.10 0 6,10 0 6.10 
15 6.7 15 79 15 6.2 
30 8.0 30 8.0 45 8.0 
100 8.2 100 8.2 100 8.2 
200 8.3 200 8.3 200 83 
300 8.58 300 8.58 300 8.58 








z is the depth, v. the velocity. 


One major problem remains: the depth of the foci. Two deep 
earthquakes (h = 640 km) which do not fit easily in the active 
tectonics schemes, occurred beneath Granada, in southern 
Spain (29 March 1954 and 30 January 1973). Moreover, 
Munuera‘ listed some intermediate depth earthquakes, but. as 
the seismic network in Morocco and the location procedure 
were less developed, his locations are not very well established. 

Arrival times, of both P and S waves, given in bulletins for 
stations in Spain, Algeria and Portugal are used here with our 
data in Morocco for the period 1972-78. The velocity structure 
used in the HYPO71 routine (Table 1) represents an average 
continental structure as is the case in the Moroccan Meseta’. 
From more than 1,000 earthquakes of magnitude >3 detected 
in this area, we selected 401 events recorded in 5-25 stations 
(depending on the magnitude of the earthquake), with a residual 
smaller than 2 s. Among these we selected 247 earthquakes for 
which the standard deviation in location or depth, determined 
by HYP071, was <20 km (Fig. 1). 

However, HYP071 error determination is a statistical evalu- 
ation of the error based on the dispersion of arrival times but 
does not take into account systematic bias due to the use of a 
wrong velocity structure or Vp/ Vs ratio. We carried out a series 
of tests, on a few sample events in different regions (Alboran 
Sea, Gulf of Cadiz, High Atlas, Betic Cordillera, Rif) located 
with 5-15 arrival times. Starting with a synthetic zero-residual 
solution, we re-ran the location program, altering one 
parameter each time. The difference from the initial result gives 
us an estimate of the error associated with each parameter. 

The first test examined the effects of errors in readings. 
Assuming that misreadings are <1 s for P waves and <2 s for $ 
waves, random noise was added to synthetic travel times. The 
variations in computed location and depth were respectively 
<10 km and <20 km in all cases. 

The effect of the Vp/ Vs ratio was also investigated. Again 
synthetic travel times were used and locations recomputed using 
Vp/ Vs ranging from 1.70 to 1.80. The resulting variations in 
locations and depth were similar to those obtained in the 
previous test. 

The influence of the velocity structure was checked by cal- 
culating locations using the two extreme models given Table 1. 
These models correspond to a thin crust overlying an 
anomalously low upper mantle as in the Alboran Sea” and toa 
thick crust as in the Betic Cordillera’® or the Rif zone”, Between 
these models the epicentres differ by 2km and the depth by 
13 km. HYPO71 does not take into account lateral variations of 
velocity but it is unlikely that locations will be much altered by 
such variations. 

One further question is related to the use of a flat layer 
velocity model, which could not be appropriate over an area 
~1,000 km wide, because of the sphericity of the Earth. Cha- 
telain et al. have shown that the resulting error for a 300+km 
wide network is less than 1 km. We assume the error to be of the 
same Order in our case. i 

Figure 2a shows an east-west cross-section of the Alboran 
Sea. Most of the earthquakes are deeper than 50 km. One of 
them (7 August 1975) was recorded in 198 stations: its depth 
computed by the ISC is 94+2 km. Observations of pP and sP 
waves confirm this result". Our determination using 13 stations 
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Fig. 1 Seismicity map of the 
Gibraltar area for the period 1972- 
78. Errors in location and depth 
(given by HYPO71}) are smaller 
than 20 km. Different symbols are 
functions of the depth of the focus; 
the size of the symbol is function of 
the number of stations which 
recorded the earthquake. &, Sta- 
tions. The location of the cross- 
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Fig. 2 Cross-sections for the three zones with intermediate ear- 

thquakes. a, The Western Alboran Sea; b, the Gulf of Cadiz; c, the 

High Atlas. The ellipses represent the error in location and depth 
given by HYPO71. 


massifs of Ronda (Spain) and Beni Bouchera (Morocco), A 
refraction profile in this area shows an anomalously high upper 
mantle velocity’ and that relative residuals at nearby stations are 
large’’, corroborating the existence of an anomaly in the velo- 
city structure of this area. 

Figure 25 shows a north-south cross-section of the Gulf of 
Cadiz. Most earthquakes there are shallower than 70 km, but 
three are deeper than 100 km. Commenting on the seismic 
intensity map of the 15 Marck 1964 earthquake, Udias and 
Lopez-Arroyo’? suggest that its depth should be greater than 
the 27 km value inferred by theISC. 

In the High Atlas region we recorded 17 earthquakes deeper 
than 30 km in 7 yr. Because of their small magnitude (<3.5) 
these earthquakes are usually clearly recorded by only five 
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Moroccan stations. Thus it is important to have some confidence 
in the S arrival times. Figure 3 shows typical seismograms for an 
event at 125 km depth. Because of the significance of inter- 
mediate earthquakes in this region, the tests described earlier 
where applied individually to each event. Figure 2c shows a 
cross-section striking NW-SE across the High Atlas. Of the 17 
events, 14 are deeper than 100 km, and there is a gap in activity 
between 30 and 55 km. The only three events in the 20-90 km 
range are on the north-east border of the seismic zone. 























































































































Fig. 3 Seismograms of the 1 August 1977 earthquake located at 
125 km depth beneath the High Atlas. Notice the quality of P and § 
arrival times. Stations names refer to Fig, 1. 
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Fig.4 Epicentres of a 15-day microearthquake survey in the High 

Atlas. Only events with a difference in arrival of P and S >5 s and 

error in depth <25km are shown. O@, Earthquakes; AA, 
seismological stations. 


To check the intermediate seismicity beneath the High Atlas, 
we carried out a microearthquakes survey for 15 days in 1978". 
The network of six stations had an aperture of 30 km. During 
this period, 99 events were recorded in at least four stations, 43 
of them have a travel time difference between P and S of <5 s 
and are shallower than 20 km. Among the 56 others, 51 are 
shallower than 20 km, one is 27 km deep and the last four are 
deeper than 110 km (Fig. 4). Their magnitude ranges between 
1.7 and 2.5 and the closest station is at a mean distance of 60 km. 

_ The tests described above applied to these four events show a 
variation of 25 km in depth and 30 km in epicentre. 

Two of the three zones where there are reliable intermediate 
earthquakes are close to the oceanic boundary between Africa 
and Europa and could be related to subduction (Gulf of Cadiz 
and Alboran Sea). On the other hand, the High Atlas whose 
basement and surroundings are continental is considered a 
typical intracontinental chain'*. The existence of basaltic 
intrusions of Jurassic age'* is probably related to an extension 
episode into an entirely continental surrounding'*”*. 

Other zones, with intermediate depth earthquakes, are 
known in the Alpine-Himalayan belt such as Romania, Hindu- 
Kush, Tibet and Burma. In the Hindu-Kush and Romania a gap 
in seismicity is observed between 20 and 70 km and the activity 
decreases at 150 km and disappears at 200 km. This is similar to 
the results we observe in the High Atlas and differs from that in 
our two oceanic areas. Although we cannot exclude the possi- 
bility that deep seismicity represents the remains of subducting 
oceanic crust in all of these regions, it is open to question. In the 
High Atlas particularly, the possibility of a subduction zone in 
the past 20 Myr seems impossible. 
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Bonnin and M. Mattauer for valuable comments; and especially 
P. Molnar for his encouragements and suggestions. This 
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Van der Voo' has pointed out that further advances in the 
understanding of the Hercynian orogeny require palacomiag- 
netic data from well studied orogenic areas. We report here 
palacomagnetic results of Palaeozoic rocks taken in Brittany, 
Portugal and Spain in the Ibero-Armorican arc (IAA), a large 
geological feature considered to be a key area for the Hercynian 
orogeny in Western Europe. They show evidence that the [AA 
formed in two stages, extending results obtained in Spain. by 
Ries et al.”. Giving precise constraints for the former shape of 
the arc we can use pre-Hercynian palacomagnetic directions 
found in Spain and Portugal to follow its evolution during 
Palaeozoic times. This megastructure linking Brittany to Iberia, 
squeezed between Gondwana and the northern continents dur- 
ing the Carboniferous, did break away from the former block 
during Ordovician times. 

Geological** and geophysical’ evidence suggests that the 
IAA is formed of large juxtaposed curved units lying on the two 
sides of the Bay of Biscay, Stratigraphic studies of Palaeozoic 
formations from the arc®’, performed at the Rennes CNRS 
centre, suggest that the shape of this structure could have been 
quite different before the Hercynian deformation. In particular, 
the very strong correlations between the stratigraphy and 
palaeontology of the Crozon area (Brittany) and the Bucaco 
syncline (Portugal) for Ordovician rocks imply that these two 
regions belonged to the same sedimentary basin in the Lower 
Palaeozoic, and thus palaeogeographic reconstructions’ tend to 
place these two regions next to each other. Moreover, the 
question of whether the arc is of primary or secondary origin is 
crucial for several of the models proposed for the Hercynian 
orogeny. A primary origin implies that the arc always had the 
same curvature whereas a secondary origin implies oroclinal 
bending following Carey’s model”. Ries ef al.” recently showed 
that the Iberian arc, the inner part of the IAA, had a pre- 
dominant secondary origin. The absence of definitive evidence 
that the two structures did evolve simultaneously led us to 
extend the sampling to the whole IAA and to different stages in 
the Palaeozoic. 

Samples were from: (1) Brittany: Upper Ordovician dolerites 
of Crozon (14 sites, 100 samples}; (2) Spain: Ordovician vol- 
canics of Cabo de Penas (2 sites, 31 samples), Upper Devonian 
red sandstones of Candas (3 sites, 32 samples), Lower Carbon- 
iferous red grits, Alba formation from Candas (3 sites, 23 
samples) and San Emiliano (6 sites, 42 samples}; (3) Portugal: 
Cambro-Ordovician redbeds (7 sites, 60 samples) and Upper 
Ordovician dolerites (4 sites, 34 samples) from Bugaco (Fig. 1). 
Natural remanent magnetization (NRM) was measured for 
these samples and for most of them a viscosity test” was also 
performed; a.c. field, thermal and chemical demagnetizations 
were carried out (all samples being treated by at least one of 
these methods, mostly by two). In addition, rock magnetic 
experiments such as coercivity spectrum analysis? of pairs of 
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Fig. 1 Palacomagnetic Carboniferous directions (thick arrows) 
found on the Ibero-Armorican arc with sampling locations (CR, 
Crozon; CP, Cabo de Penas and Candas; SA, San Emiliano; BU, 
Buçaco) after closing of the Bay of Biscay (fitted by Lefort’). 
Values for additional data in Brittany correspond to the references 
given in the text (see also Table 1). The ante-tectonic shape of the 
arc deduced from the data is also given with the corrected Carbon- 
iferous directions (small arrows). 


leached and unleached samples, heating to Curie temperature or 
cooling to the liquid air temperature of an acquired induced 
remanent magnetization (IRM), were carried out to support the 
interpretation of the multivectorial magnetization with physical 
arguments on the magnetic carriers. The results obtained from 
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these studies’’, which will be published in detail elsewhere, can 
be summarized as follows. 

The magnetic behaviour of the Upper Ordovician dolerites 
from Bugaco and Crozon is identical. Intensities are low, with a 
maximum frequency between 107? and 107? A m™ and viscosi- 
ties are high (>20% for 50% of the samples); the IRM acquisi- 
tion curves are identical; they display the same magnetic 
transition at ~160 °C, suggesting the presence of magnetite, and 
current work at the Rennes CNRS centre gives K-Ar ages which 
range for both regions from 190 to 300 Myr. In accordance with 
the radio-dating results, the remanent magnetization is inter- 
preted as being secondary with an acquisition period between 
Carboniferous and Triassic or Jurassic time (Table 1), thus con- 
firming the geological relationships between Crozon and Bugaco. 

Bucaco redbeds exhibit magnetization directions interpreted 
as pre-tectonic and remagnetization directions as being from the 
Upper Cretaceous and Quaternary". A characteristic of the 
pre-tectonic directions is a constant declination of 150° and 
variable inclination. The same behaviour was found by Duff”? in 
an extensive palacomagnetic survey of redbeds in Brittany with 
ages extending from Lower Cambrian to Lower Ordovician. 
From this work two sites at Crozon are well suited for 
comparison with Bugaco as both areas are thought to be part of 
the same sedimentary basin’, and thus allow comparison with 
data from contemporaneous redbeds. Components B3 and C 
found by Duff? on 10 specimens of these two sites using acid 
leaching, thermal and a.f. cleaning, gave a mean direction of 
220° after tectonic correction (sites CP, CR in Tables 2 and 3 of 
ref. 12). The difference in declination between the two areas 
suggests a partial secondary origin of the IAA if we correct for 
the rotation of Spain during the Cretaceous and look at the 
variation of strike of the arc. Again, the palaeomagnetic charac- 
teristics of contemporaneous samples from Brittany and 
Portugal are identical. 

At Cabo de Penas, Ordovician volcanics show two well 
defined pretectonic directions of magnetization (Table 1). One 
(component A) has a very steep inclination, coercivities over 
70 mT and unblocking temperatures over 500 °C, and has been 
interpreted as Ordovician; the other (component B) has a 
shallow inclination and is comparable with the direction 
obtained east of Cabo de Penas for the Upper Devonian and 
Lower Carboniferous redbeds of Candas (component A); the 





Table 1 Palaeomagnetic data from the Ibero-Armorican arc 





Site (reference Component of 


on Fig. 1) Rock unit magnetization N D 
South limb 
SA San Emiliano redgrits — 30 102 
BU Buçaco dolerites — 20 139 
Buçaco redbeds A 7 151 
B 7 143 
C 6 144 
D 3 153 
North limb 

CP Cabo de Penas volcanics A 13 208 
B 78 178 

Candas redbeds A | 
B 8 185 
CR Crozon dolerites A 19 208 
B 38 205 
c 12 350 
Armorican redbeds B3 10 216 
Cc 16 228 
15 Montmartin redbeds — 186 208 
24 Flamanville granite _ 8 203 
12 Ploumanach granite — 31 200 

(300 Myr) 

Jersey dolerites A — 199 
B — 204 
Jersey volcanics 66 292 


(533 Myr) 


13 
~43 
80 
61 
36 
5 


78 
19 


23 
-15 
29 
~il 
41 
63 
16 
13 
9 


16 
57 
78 


k a Š Age of magnetization Ref. 
53 2 270° Lower Carboniferous 14 
58 4 145 Jurassic ? This work 
83 6 145 Ordovician This work 
4i 9 145 Between Ordovician and 
45 9 145 Lower Carboniferous ? This work 
212 6 145 Lower Carboniferous 
50 6 230 Ordovician This work 
39 8 230 Lower Carboniferous This work 
27 10 230 Middle-Upper Carboniferous This work 
215 2 240 Triassic This work 
33 4 240 Middle Carboniferous This work 
300 3 240 Upper Carboniferous This work 
35 10 Devonian to early Carboniferous 12 
70 7 Silurian to early Carboniferous 12 
20 7 270 Late Devonian—early Carboniferous 15 
14 Carboniferous 22 
121 7 Middle Carboniferous 12 
7i 9 Middle-late Carboniferous 16 
59 g8 Siluro-Devonian 16 
8 19 Cambrian 16 


ete ae 
Palacomagnetic component directions found on the Ibero-Armorican arc. N, Number of samples used; D, I, declination, inclination, k, ag, Fisher statistical 


parameters”’; 5, mean structural direction. Statistics may refer to samples, specimen, 


directions or sites: see in each case original work given in the reference; only the total 


number of samples used is given here; all data were cleaned using a.f., acid and thermal cleaning as done by Duff'™!*, N.B. etal.'* and Jones etal." and a.c. field up to 0.2 T 


(2,000 oe) as in ref. 22. 
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Fig.2 Scheme of the evolution of the main plates involved in the 

Hercynian orogeny in Palaeozoic times (O, Ordovician; D, 

Devonian; C, Carboniferous) with mention of the Ibero-Armori- 

can arc. LA, Laurentia; BA, Baltica; GW, Gondwana; A, 
Armorica. 


eight sites (volcanics and sedimentary) were used to give a mean 
direction which is pre-tectonic as shown by a fold test. We can do 
better than the classical tilt correction on this example to 
calculate the mean direction: if we look at the angle between the 
strike direction and the magnetization on each site, this angle 
seems to be very constant (52.5° + 5°) regardless of the site and 
even though strike directions vary on this example between 210° 
and 244°. This suggests that deformation occurred in two stages, 
the latter one with a vertical axis correlated with the tectonic 
closure of the arc'*, and that the magnetization was acquired 
before deformation; taking this result into account and using a 
regional mean direction for strike of 230°, the mean 
palaeomagnetic direction of the eight sites in Table 1 has been 
obtained after correcting each site for strike variation. The six 
sites of redbeds near Candas also show a soft component 
obtained on a few samples but scattered among all the sites 
(Candas redbeds component B, Table 1); the post-tectonic 
origin of this component is clearly indicated by a negative fold 
test''. The corresponding inclination is very close to that 
obtained at Crozon on the dolerites (Crozon dolerites 
component B, Table 1); this last component has also been 
interpreted as post-tectonic but with a magnetization predating 
the closure of the arc, as shown by using a ‘strike direction’ 
correction on the 14 sites of Crozon. Magnetization was there- 
fore acquired at Crozon between two main phases of defor- 
mation of the IAA. 

The direction given in Table 1 for San Emiliano was obtained 
by N.B. et al.'* using an unfolding model which took into 
account the two phases of deformation in the area; the effect of 
the model was to increase the precision parameter k (from 14 to 
64) in comparison with the usual tilt correction. A pre-tectonic 
direction was found (Table 1) and a Lower Carboniferous age 
for the magnetization inferred from the age of the sediments. 

Ries et al.’ sampled the same Alba formation at Carranques 
near Candas and at San Emiliano; however, their result cannot 
be used for comparison because only three samples at 
Carranques were thermally cleaned and the authors report a 
direction D=211°, Z = 48° with k =2 showing large scatter 
after thermal cleaning; this is a general behaviour of all results 
obtained after cleaning as reported in that study. At San Emili- 
ano four sites have been studied for the NRM but none appears 
among the thermal cleaned results given in Table 2 of their 
study. 

Carboniferous data from Brittany obtained by Jones et al. 
on the syncline of Montmartin and by Duff’? from the 
Ploumanach granite, Jersey dolerites and volcanics, together 
with our own results at Crozon and Candas (CR, CP, Fig. 1) 
reveal (Table 1) that the corresponding directions are not 
significantly different for the northern part of the LAA before, 
(Candas A) and after (Candas B, Crozon B) deformation: most 
of the rotation seems to have occurred in the southern part of the 
arc. A new shape of the IAA can then be inferred taking the 
simplest compatible solution with the palacomagnetic data. This 


indicates that 80° of the curvature of the arc are secondary and 
that 70° are primary or pre-Carboniferous. 

Ries et al. used results based on NRM directions from 29 sites 
along the Iberian arc to demonstrate convincingly the partially 
secondary origin of this structure, however, because these 
authors did not consistently use cleaned results to look for 
multicomponent magnetization, because they infer a Variscan 
age for all magnetizations, their data cannot be used for 
comparison as they give no directions associated with the age of 
magnetization for the different rock units studied. However, 
their result, a bending of 110°, is not very different from the 
80° reported here. 

From the new position of the sampling areas and the 
palaeomagnetic vectors calculated for the new shape of the arc 
(that is, after elimination of the Hercynian deformation), we can 
determine virtual palaeomagnetic poles for our Ordovician 
sites. The Bugaco (25°N, 335°E) and Cabo de Penas (30°N, 
330°E) poles coincide in the new reconstruction, indicating that 
the shape of the arc we deduced from the Carboniferous data is 
also compatible with our Ordovician results. We therefore 
propose that 70° of the arc are effectively primary (presedimen- 
tary), inherited from Precambrian times. The mean Carbon- 
iferous declination of the north limb of the IAA differs by a few 
degrees (10°-15°) from that of stable Europe as shown by Jones 
et al.'* for Montmartin syncline; it is not clear, however, whether 
the bending took place entirely in the southern part of the arc 
with a further rotation of 15° of the whole Ibero-Armorican 
block or whether it was the closure of the arc that caused the 15° 
difference with Europe. However, this does not change the 
former shape of the IAA found from the data. The Crozon B and 
Candas B components, both post-tectonic but ante-closure of 
the arc, in agreement with results of Jones et al. at Montmartin, 
show that at that time the IAA with its primary shape was close 
to Europe, with a large ocean separating it from Gondwana, a 
result shown for Brittany by Jones et al." (Fig. 2). 

The Ordovician mean palaeomagnetic pole obtained (27°N, 
332°E) falls between Cambrian and Siluro-Devonian poles 
found by Duff’® for the Armorican massif and this agrees with 
the Ordovician age assumed for the magnetization. Interest- 
ingly, this pole is quite different from conventional Ordovician 
poles for the British Isles’’ but could more easily be correlated 
with north Wales data, which have until now been considered as 
anomalous'*. Recent results by Hagstrum ef al.'* showing that 
the apparent polar wander curve of the Armorican massif is 
very similar to the Eo-Cambrian-Cambrian curve for 
Gondwanaland prompted us to compare the Ordovician 
palaeolatitude for the IAA (70°) with the African Ordovician 
pole*®; this shows that the IAA should have been very near to 
Gondwanaland in the early Palaeozoic. These results show, 
moreover, that the Armorican massif and Iberia Meseta were 
probably a single unit during the entire Palaeozoic, thus justify- 
ing the name of ‘Armorica plate’ given by Van der Voo” to 
these regions of Western Europe; the large drift of this plate 
since the Ordovician shows that collision and subduction 
tectonic processes did exist during the Hercynian orogeny. 
Finally, taking into account all these results and using available 
data given by Van der Voo’, we propose a scheme of the main 
plates involved in the Hercynian orogeny with particular 
reference to the Armorica plate bearing the IAA (Fig. 2). 
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The large quantities of reduced carbon that are required to 
support the filter-feeding mytilid mussels (Mytilus sp.), vesi- 
comyid clams (Calyptogena sp.) and various other animals in 
the Galápagos hydrothermal vent systems are thought to be 
derived from either the in situ synthesis of particulate organic 
matter by chemoautotrophic, sulphide-oxidizing bacteria’? or 
by the advection of sedimentary organic carbon into the vent 
environment from surrounding areas”. In contrast, the dense 
populations of vestimentiferan tubeworms (Riftia pachyptila), 
which lack mouth organs and digestive tracts, apparently utilize 
organic carbon synthesized by symbiotic chemoautotrophs*. We 
present evidence here, based on ‘C activities and '°C/""C ratios, 
that the principal source of dietary carbon for mussels and 
tubeworms is derived from the dissolved inorganic carbon 
(DIOC) in the vent effluent waters. 

There are two postulated sources of particulate organic 
carbon (POC) available as dietary carbon to filter-feeding 
organisms. The first is sedimentary POC derived from DIOC 
fixed photosynthetically at the ocean’s surface which 
subsequently reaches the ocear: floor. Its radiocarbon activity is 
assumed to be the same as that of the DIOC in surface water 
(+20+20, Table 1). The 6’°C of this POC (~22, Table 1) is a 
mean value derived from 6’°C measurements of POC®” collec- 
ted below 500m. The second source is POC synthesized 
chemoautotrophically from DIOC in the vent waters. This 
DIOC originates from both magmatic activity® (A'“*C = — 1,000 
or ‘dead’ carbon) and the ambient bottom water (A'*C = — 233, 
Table 1) which mixes with the high-temperature hydrothermal 
fluid. As the organic `™*C activities of the organisms grown in the 
vent systems reflect the A'“C of these three carbon sources and 
the *C/'C ratios reflect the carbon isotope fractionation 
occurring during synthesis of organic tissues in these organisms, 
it is possible to calculate the relative contribution of each carbon 
source using the following equations: 


A™C musser = X(~ 1,000) + y(~233) + 2(20) (1) 
8° Conusses = (x + y)(6 Creat poc) + z(~22) (2) 


where x, y and z are the relative amounts of magmatic DIOC, 
ambient DIOC and sedimentary POC, respectively. The °C of 
POC in the vent water is unknown. Both of the above equations 
have to be satisfied to determine the relative amounts of the 
three possible dietary carbon sources utilized by the filter- 
feeding organisms. 
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The quantitative contribution of sedimenting POC to the food 
supply for filter-feeding vent organisms is questionable 
considering the flux of POC to the ocean floor and the in situ 
respiration rates of mussels. The total, mean flux of POC to the 
sea floor at 2,670 m 0°35.75' N, 86°05.66' W measured 20 and 
100 m above the bottom on 4 July 1976 was 2.0gC m~’yr™! 
(ref. 9). In situ measurements of individual mussel respiration 
rates by K. Smith (unpublished results) range from 0.30 to 
0.81 ml Oz h™ in dense mussel beds. Assuming a respiratory 
quotient of 0.85, then these rates are equivalent to an organic 
carbon requirement of 1.2-3.3 gC yr’ (mean = 2.3 gC yr”), 
Thus, each mussel would essentially require the total annual 
POC flux per square metre for maintenance with no growth. 

The '*C activity of the mussel tissue could result from a 
mixture of sedimentary POC and POC of low ‘*C activity 
derived from DIOC in the vent waters. The maximum amount of 
magmatic DIOC in the Galápagos vent waters (T = 17°C) has 
been estimated to be 375 umol kg™', a 13% increase above the 
ambient DIOC concentration of ~ 2,400 umol kg”! (refs 10, 
11). If 13% of the vent water DIOC is magmatic (A“C = ~ 
1,000) and the remaining 87% is composed of ambient DIOC 
(A'*C = —233) plus sedimentary POC derived from the DIOC 
in surface water (AC = +20), then the maximum amount of 
sedimentary POC that could be incorporated into mussel tissue 
(AC = ~267) is 26% (equation 1). Estimates of mussel density 
in the ‘Musselbed’ vent area (W. Smithy, personal com- 
munication) are 20 +9 specimens per 0.25 m° in the immediate 
vicinity of the vent plume. If the mussels are utilizing the 
calculated maximum of 26% of sedimentary POC for growth 
(taken here as equivalent to maintenance), then each vent 
musselbed would use ~48 g C m™yr™! (0.26 x 2.3 gC yr"! per 
mussel x 80 mussels per m°), or about 35% of the annual pri- 
mary productivity per square metre in the euphotic zone’ for the 
growth of mussels alone. 

There is a significant difference between the “C/C ratios, as 
well as "C activities, of mussel tissue collected 1 and 8m from 
the vent plume (Table 1). If sedimentary POC (8°C = — 22) was 
incorporated into the tissue of the 8-m mussel, the resulting 
6'°C value (~ 32.3) would be less than that observed (— 32.8). 
This calculation assumes that the '*C activity of the 8-m mussel 
tissue (AC = ~228) is derived from a mixture of 14% sedi- 
mentary POC (AC =+20) and 86% chemosynthetic POC 
(AC = — 267) (equation 1). 

If the '*C activity of mussel shell carbonate reflects the “C 
activity of DIOC in the surrounding seawater, then the 21% 
decrease in A'*C between the ambient seawater DIOC and the 
mussel shell carbonate reflects dilution of the ambient DIOC 
with 3% magmatic DIOC. For the two clam shell carbonates, 
the 30% decrease in AC would represent dilution of the 
ambient DIOC with 4% magmatic DIOC, taking the '“C activity 
of the bottom water at 21° N to be the same as at the Galápagos 
rift zone. A similar calculation gives 4.4% magmatic DIOC 
incorporated into cellular carbon synthesized by the chemo- 
autotrophic bacteria and used by the mussels 1 m from the 
plume (provided the contribution from sedimentary POC is 
negligible). 

The identical '“C activities of the vestimentiferan tubeworm 
tissue and the mussel tissues collected 1m from the vents 
strongly suggest that the tubeworms and mussels are utilizing the 
same DIOC sources, even though 8°C in the tubeworm tissue is 
23% greater than in the mussel tissue (Table 1). These atypical 
*C/™C ratios found in the vent organisms have been discussed 
by Rau’*’?. If bacterial chemosynthesis is the major process 
providing dietary carbon for the mussels and tubeworms, it is 
still unclear why carbon isotope fractionation should be different 
between chemoautotrophic synthesis occurring in the vent 
waters and internally (symbiotically) in the tubeworms. 

An additional carbon source which may contribute to the 
bacterial synthesis of POC in the vent waters is methane, 
energetically a more favourable substrate for the growth of 
heterotrophic bacteria than DIOC. Methane concentrations up 
to 3.4 umol kg” have been measured in the Galápagos vent 
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Table 1 AC and °C values of Galápagos vent organisms and relevant carbon sources 


Sample description 
Mussel tissue—dive 880 (‘Musselbed’, 1 m from vent) 
Mussel tissue—dive 895 (‘Musselbed', 1 m from vent) 
- Mussel tssue—dive 880 (“Muselbed’, 8 m from vent) 
_ Mussel sheli—dive 991 (‘Mumelbed’, 1 m from vent) 
Tubeworm tssue—dive 993 (‘Garden of Eden’, in vent plume) 
Clam sheli—dive 981 (East Pacific Rise, 21° N) 


(‘Clambake I") 
Total DIOC, 2584 m" (Geosecs Station 337) 
Total DIOC, surface sea watert 
Particulate organic detritus > 500 m 


(%) A*C (4) 8PC Ref. 
—270+6 ~33.9 This work 
-263+8 —33.8 This work 
—228+12 ~32.8 This work 
—254+6 +2.8 This work 
~270+20 10.9 This work 
-26346 +31 This work 
= ~ 32.7 to ~33.6 12 
= ~10,8 to -11.0 13 
~263+10 oy. y 10 
233.4 = 14 
+20+ 20 -1.7 to —3.5 15 
— —20 to ~25; mean —22 6,7 





The three mussels for tissus analysis 


were collocted 1 and 8 m from the ‘Musselbed’ vent plume, Alvin dives 880 (21 January 1979) and 895 (20 


February 1979), 0°47.89 N, 86°09.21' W at 2,493 and 2,480 m, The muses! for sbel! analysis was collected 1 m from the ‘Musselbed’ vent plume, 
Alvin dive 991 (8 December 1979) at 2,490 m. The tubeworm was collected in the ‘Garden of Eden’ vent plume, Alvin dive 993 (10 December 1979), 
0°47.69' N, 86°07.74' W at 2,518 m. The clam for shell analysis was collected from the East Pacific Rise hydrothermal vent system, Alvin dive 981 (5 


November 1979), 20°50’ N, 109°06' W at ~ 2,600 m. Tho mussel tissus and tubeworm specimens were frozen after 
l carbon-free distilled water before drying. To determine %AMC and % 61°C, all samples but the tubeworm 


samplos rinsed with 
tlesue were burned in 


CO,-free, organic 


collection, and the tissue and shell 


or ackdifled with HCI to give CO. which was converted to acetylene, via lithium carbide’? and then counted for 2 days in each 


O, 
of two stainless-steel 1.0-1 and 0.4-1 gas proportional counters. The worm tissue CO, was purified by absorption onto CaO, diluted with background 


gas and counted twice in a 200-ml copper 
standard valuo of 8%C = — 25,0% PDB-1) and for 


of Standards oxalic acid count rato, corrected to a 8'7C = — 19.0%, and the 
milhon (%) deviation from the “C activity of nineteenth-century wood 


counter for a total of 12 days. All countings were corrected for isotope fractionation (to a 
y since the time of formation (to AD 1950). The standard was 95% of the net National Bureau 
results are reported in terms of A'C (+ 1 o counting error) which is the per 
. The C/12C ratios are reported as 81°C (40.2%) relative to the PDB-1 


* The ACof the 2,490-m bottom water at the ‘Musselbed’ was assumed to be identical to the A™C in 2,584-m water at Geosecs station 337, 24 
May, 1974, 04°50 N, 124°05! W. or at 2,500 m at both locations is 27.76 0.01 (ref. 17). 
t A“*C values taken from corals collected from 3~5-m depth at 1.5° S, 90-91° W, assuming the CaCO, reflects the `*C activity of the surface 


seawater DIOC, 


waters (M. D. Lilly, M. A, de Angelis and L. I, Gordon, 
unpublished results), and it has been calculated that 50 umol 
kg’ of ablogenic CH, of magmatic origin could be present in the 
‘end member’ 350°C hydrothermal fluid at the East Pacific 
Rise"*, If methane were the sole carbon source for the synthesis 
of POC utilized by the mussels, then the mussel tissue would 
contain no measurable radiocarbon activity. Obviously this is 
not the case. It is possible that the “C activity of the mussel 
tissues (—267) is 13% lower than that of the mussel shell 
carbonate (— 254) due to mussels taking up both ‘dead’ CH, and 
DIOC, whereas the shell is only using ‘dead’ DIOC. - 

On the basis of the '*C activities and *C/"C ratios reported 
here, we conclude that: (1) filter-feeding organiams in the vent 
system are directly or indirectly incorporating ‘dead’ carbon of 
magmatic origin into their tissue; (2) ~25% or less of the 
“dietary carbon available to the mussels is from sedimenting POC 
fixed photosynthetically at the surface; and (3) mussel tissue is 
incorporating relatively more ‘dead’ DIOC than is mussel shell 
carbonate in specimens collected at the same location near the 
vent, 

This article is contribution no. 21 of the Galápagos Rift 
Biology Expedition, supported by the US NSF. We thank G. 
Somero, K. Turekian and R. Lutz for providing the specimens 
used in this study, and S. Griffin and C. Hutto for preparation of 
C samples. This work was supported by grants from the US 
Department of Energy (DE-AMO3-76SF00010) and NSF 
(OCE78-08856, OCE79-17652). 3 
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A natural biological 
control of Dutch elm disease | 


Joan Webber 


Department of Botany and Microbiology, University College of 
Walos, Aberystwyth SY23 3DA, Dyfed, UK 


Since its arrival in the late 1960s, the aggressive strain of 
Ceratocystis ulmi, the tungus that causes Dutch elm disease, has 
destroyed over 20 million elms in Britain and subsequently 
inflicted similar heavy losses across much of continental 
Europe. Successful control of the disease has been achieved 
only locally, using intensive sanitation and fungicide Injection 
programmes’, However, it has recently become apparent that 
disease spread may also be Itmited maturally. I present here 
evidence of a biological control of Dutch elm disease which 
could be exerting am important effect in some parts of Britain. 
This control process acts by successful breedhag of 
scolytid beetles which are the vectors of C. ulmi. 

The control phenomenon was first encountered during 1976 
and 1977 in several stands of trees in mid and south Wales. Each 
stand contained between 10 and 100 wych elms (Ulmus glabra) 
and although C. ulmi had killed some trees in all these stands, 
disease spread to healthy trees was surprisingly slow, suggesting 
that only amall numbers of beetle vectors were present. Investi- 
gation of beetle breeding material, that is, the inner bark of 
dying or recently dead treea, revealed only a limited amount of 
active, breeding. Instead such bark commonly exhibited dark 
zone lines (Fig. 1a), which on isolation yielded the fungus 
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Phomopsis oblonga. The presence of Phomopsis was also clearly 
associated with the disruption of beetle breeding and disruption 
usually took one of two forms. Most commonly, when Phomop- 
sis and a breeding gallery occupied the same area of bark, beetle 
larvae were retarded in their development and constructed very 
elongated, contorted galleries. Less commonly observed was the 
evasive action of larvae on encountering a discrete Phomopsis 
lesion. In such circumstances larval galleries swerved away from 
the Phomopsis-colonized area into uncolonized tissue. 

To compare effectiveness of scolytid breeding in Phomopsis- 
colonized and uncolonized bark, breeding experiments were 
done using the two British species of beetle vector, Scolytus 
scolytus and Scolytus multistriatus. The breeding material was of 
two types: logs cut from wych elm with recent, extensive bark 
colonization by Phomopsis, and control logs also from wych elm 
but with no observable Phomopsis colonization. Pairs of logs 
(one of each type) were presented to beetles in either a ‘choice’ 
or a ‘forced’ breeding situation. In the former, a standing pair of 
logs was enclosed in a fine net bag and beetles introduced. This 
allowed beetles to choose as breeding material either the 
Phamopsis-colonized log or the control log. In the forced 
breeding situation each log was enclosed individually in a bag, so 
that introduced beetles had no choice of breeding material. The 








Fig. 1 a, Characteristic zone lines produced by Phomopsis 
colonizing the inner bark of diseased elms. These dark lines are 
thought to result from antagonistic interactions between different 
forms of the fungus present in the bark’, x ~2. b, Modified zone 
lines (arrowed) formed around the larval galleries of Scolytus. Such 
modified zone lines are probably formed by Phomopsis in response 
to changes in the moisture content of the bark as a result of gallery 
excavation, X ~2.4. 








Table 1 Effect of Phomopsis colonization on scolytid 
breeding in elm bark 





Maternal Total no. of 
galleries emergent 
per 100 cm? beetle 
Breeding situation in log pairs bark progeny 
S. scalytus 
Forced breeding 
Uncolonized control log 1.0 756* 
Phomopsis- colonized log 1.3 o* 
Choice breeding 
Uncolonized control log 1.8 1,690* 
Phomopsis-colonized log 0.7 o* 
S. multistriatus 
Forced breeding 
Uncolonized control log 2.5 780 
Phomopsis- colonized log 2.3 17* 
Choice breeding 
Uncolonized control log 4.3 1,048 
Phomopsis- colonized log 1.7 o* 





Four pairs of logs were used in all. The mean area of bark on logs 
presented to S. scolytus was 3,286 cm’, and on logs presented to S. 
multistriatus was 2,290 cm", The number of maternal galleries per 
100 cm? bark is a mean, 

* Some living larvae (<20) still remaining in log. 


numbers of beetles introduced in these conditions depended on 
the total bark area available and the beetle species used. In the 
case of S. scolytus, one beetle pair, consisting of male and 
female, was allotted to each 100 cm’ of bark, whereas one pair 
per 25cm? of bark was used for the smaller bark beetle, S. 
multistriatus. 

After 6 weeks the beetle breeding cycles were completed and 
the bark was stripped from the logs and gallery formation 
compared. It was immediately apparent that the breeding of 
both Scolytus species was strongly influenced by Phomopsis. 
When female beetles attempted to cut maternal galleries in a 
Phomopsis-colonized log many were abandoned at various 
stages before completion. If galleries were completed and eggs 
laid, the number of resulting larvae was drastically reduced and 
few developed into new adult beetles. In contrast, breeding in 
control logs was successful, and many young adult beetles 
emerged (Table 1). Figure 2b clearly shows the attempts at 
maternal gallery excavation in bark colonized by Phomopsis. 
Abnormal larval galleries are evident, typified by their elon- 
gated, twisted nature when compared with larval galleries in 
uncolonized bark (see Fig. 2a). Galleries affected by Phomopsis 
were also characterized by their frequent association with 
modified zone lines. Rather than appearing as the irregular ovals 
shown in Fig. 1a, zone lines often enclosed an entire gallery 
system, outlining each larval mine separately (Fig. 1b). 

Behaviour of beetles in choice breeding experiments also 
suggested that Phomopsis-colonized bark was usually avoided as 
breeding material when an alternative was offered. The mean 
number of maternal galleries per 100 cm? of bark was similar in 
both Phomopsis and control logs in forced conditions, whereas 
in choice breeding experiments the number of galleries cut in 
control logs was over twice that attempted in Phomopsis logs 
(Table 1). 

Thus Phomopsis is clearly able to exert a twofold effect on 
scolytid beetles by decreasing numbers of viable offspring in 
brood trees, or by eliminating potential breeding material and 
therefore intensifying competition for any uncolonized bark. 
Both factors must invariably have some role in reducing vector 
populations but we can only speculate on how much this may 
affect the continuing spread of Dutch elm disease. 

One of the major factors which must undoubtedly govern the 
effectiveness of Phomopsis as a control agent is its frequency of 
occurrence, possibly as a latent inoculum in the dead outer bark 
of healthy trees. High levels of such inoculum would favour 








Nature Vol. 292 30 July 1981 , 


ESL a 
ron sii 


A 
=. 
r e ae 


4 
ne 


a) 
( 

E i h 

SY 





451 





s 


. \ 


Fig. 2 a, Breeding galleries of S. multistriatus produced in the bark of wych elm (U. glabra) with no Phomopsis colonization. Typically each 
gallery consists of rows of larval mines (or galleries) radiating outwards from points of egg laying along the length of a central mother gallery. 


Many of the larval mines terminate In oval pupal chambers. x ~0.25. b, Sparse and abnormal 


breeding galleries of S. multistriarus in the bark of 


wych elm colonized by Phomopsis. Such gallenes commonly show abortive or elongated and contorted larval mines. x ~0.25. 


rapid colonization of trees if they succumbed to Dutch elm 
disease. Phomopsis has frequently been found in the outer bark 
of healthy elms, but survey data have shown that it is largely 
limited to the elms in western and northern parts of Britain (J. F. 
W. and J. N. Gibbs, in preparation), It is therefore more likely to 
contribute to natural disease control in these areas. Further- 
more, the massive colonization of elm bark required to exert an 
appreciable effect on beetle breeding has only been observed in 
wych elm, and it seems that Phomopsis is more strongly asso- 
ciated with this species of elm than any other in Britain. The fact 
that wych elm comprises the main part of elm populations in 
northern England, Wales and Scotland, also suggests that 
Phomopsis may be effective only in the north and west. 

It has long been known that the spread of Dutch elm disease 
has been slower in northern England and in Scotland’. Pre- 
viously this has been ascribed to various factors, including a 
smaller and more scattered elm population, a climate less 
favourable to the vectors and the preponderance of wych elm 
rather than English elm (Ulmus procera), the latter predominat- 
ing in the south”. It now seems that Phomopsis in an additional, 
and in some areas possibly the major factor in slowing the spread 
of the disease in the north. 

I thank Dre J. N. Hedger and J. N. Gibbs for advice and 
encouragement. This work was supported by a SRC CASE 
studentship award. 
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Regenerative and passive membrane 
properties of isolated 
horizontal cells from a teleost retina 
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tCullen Eye Institute, Baylor College of Medicine, Houston, 
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Neurones in the intact retina are interconnected by a complex 
network of chemical and electrical synapses. The electrical 
interactions between many types of retinal neurones make it 
difficult to determine the active and passive membrane proper- 
ties of the Individual cells. A direct way to examine such 
properties is to dissociate the retina into single cells’ and to 
record iatracellularly from identified, isolated neurones in the 
absence of neural connections. Such am approach has been used 
to study the eloctrophysiological of several classes of 
nearones in the vertebrate retina’. We have combined the 
méthod developed previously for examining the neurochemistry 
of indtvideal retinal cella’? with a single-electrode clamp tech- 
nique“’ to Investigate the biophysical properties of isolated 
horizontal cells from the teleost retina. Our results saggest that 
the specific membrane capacity of these cells is ~1 pF cm™’, and 
that the specific membrane resistivity ranges from ~5,000 to 
20,000 A cm”. In isolation, these cells can show regenerative 
voltage responses which are most probably calcium-dependent. 





0028-0836 /81/310451—04$01.00 


© 1961 Macmillan Journals Ltd 


452 


04 


2.0 





dV/dt(V s~?) 








0.44 
\ / aal 
\. ! losna 
ee 01 
50 ms 


In our electrophysiological studies, we started by isolating 
cone horizontal cells from retinae of the channel catfish for three 
reasons, First, the catfish retina contains only one type of cone 
(maximum absorbance 620 nm) and therefore only one type of 
cone horizontal cell that can be easily distinguished, even in 
isolation, from the more stellate rod horizontal cells®. This 
ensures that our recordings are from a homogeneous population 
of horizontal cells. Second, the somata of these horizontal cells, 
which are probably GABA ergic’, receive input from dopa- 
minergic terminals (D.M.K.L., in preparation). Therefore this 
preparation has a potential use in analyses of dopaminergic 
responses in a neurone from the vertebrate central nervous 
system. Third, these cells are relatively large in size (50-100 um 
in diameter), making it possible to use low-impedance micro- 
electrodes for voltage-clamp studies. 

Catfish retinae were dissociated into single cells using 
a procedure described elsewhere’. For electrophysiological 
studies, 0.2 ml of the isolated cell suspension was placed on a 
depression slide and the cells were allowed to sediment for 
5min. Under Nomarski interference optics, cone horizontal 
cells were impaled with 30-50 MO. KCI-filled micropipettes. 
The single-electrode clamp system (SEC) used for current- 
clamp of these cells is described in detail elsewhere®’. Briefly, 
the SEC switches a single microelectrode rapidly (3 kHz) 
between current-passing and voltage-recording modes. The 
technique allows for the passage of larger transmembrane cur- 
rents, and for a more accurate measurement of the membrane 
potential during current passage, than is possible using standard 
Wheatstone bridge arrangements. Each cell was photographed 
before intracellular recording, Surface area measurements were 
determined by projecting an enlarged image of the cell onto 
graph paper. The cells were assumed to be. flat disks with a 
thickness of 10-15 um, which was estimated from the depth of 
focus. 

-u bhe.results shown here are based on intracellular recordings 
of >92.cone horizontal cells. Figure 1a is a photomicrograph of 
a cone horizontal cell from which an intracellular recording was 
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Fig. 1 Morphology and passive membrane 
properties of an isolated cone horizontal cell 
from the catfish retina. These cells were pre- 
pared by incubating isolated retinae with 
Ca?*-free Ringer's solution supplemented 
with 5mM EGTA and 1 mgml' papain 
(Worthington) at room temperature for 60- 
90 min. The retinae were then washed with 
Ca?*-free Ringer's solution containing 
img ml! bovine serum albumin and trans- 
0,4 ferred to a 15-mi conical tube. Isolated cells 
were obtained by gently pipetting the retinae 
through a wide-bore Pasteur pipette in 2 ml of 
a medium containing 90% 0.3 M sucrose and 
10% Ringer’s solution. The cell suspension 
was kept on ice for 2 min before the top 1 ml 
was transferred to 9 ml oxygenated Ringer's 
solution (120mM NaCl, 4mM KCl, 2mM 
NaHCO, 5mM CaCl, SmM_ glucose, 
15 mM HEPES buffer, pH 7.7) supplemented 
with 10 ug mi deoxyribonuclease. a, Pho- 
tomicrograph of a cone horizontal cell before 
impalement, with a microelectrode above. 
The surface area of this cell was calculated to 
be 16,000 m°. b, Voltage transients (bottom 
traces) recorded intracellularly from the cell 
shown in a in response to 400-ms constant 
current pulses (top traces). The cell was at its 
resting potential of ~10 mV. c, Steady-state 
V-I plot from data shown in b. The slope 
indicates an input resistance of 89.6 MQ. d, 
The first derivative of two voltage transients 
was determined graphically as described 
elsewhere”’'* and its log plotted against time. 
@, Data points from a 10-mV depolarizing 
voltage transient; A, data points from a 15- 
mV hyperpolarizing transient. The data points 
can be fitted by single exponentials, suggesting 
isopotentiality for this cell. The average time 
constant was 17.7 ms. 


Membrane potential (mV) 









Time (ms) 


made. Cone horizontal cells are easily identified by two criteria: 
they are the largest cells in the retina?” and even in isolation, 
they still have the amoeboid shapes characteristic of horizontal 
cells in the intact retina and can be easily distinguished from 
other isolated cells**. Figure 1b-d gives data on the passive 
membrane properties of the cell shown in Fig. 1a. The isolated 
cone horizontal cells used here usually had an amoeboid shape 
with numerous fine processes. We generally chose to impale the 
larger cells with the simplest morphology that could be clearly 
and unequivocally identified, but that were free of long proces- 
ses. For the cell in Fig. 1a, 400-ms constant current pulses were 
applied and the resulting voltage transients recorded (see Fig. 
1b). Figure 1c shows a plot of the steady-state voltage~current 
(V-I) relationship, obtained from transients such as those 
shown in Fig. 1b. In this particular cell, the V-I plot is linear over 
the voltage range —40 to +20 mV. However, few cells showed 
completely linear V-I plots over a wide voltage range. We 
typically measured a decrease in input resistance with large 
depolarizations or hyperpolarizations. 

To calculate the specific membrane capacity of these cells, it 
was necessary to determine accurately the membrane time 
constant. Figure 1d shows the logarithm of the first derivative of 
two low-amplitude voltage transients (from Fig. 1b), one 
depolarizing and the other hyperpolarizing, plotted against 
time. The data points fit well to single exponentials with time 
constants of 17.3 and 18.2 ms, respectively. As we could detect 
only a single exponential in the low-amplitude voltage tran- 
sients, the cell behaved as a single isopotential compartment, 
composed of a parallel resistor and capacitor’. Moreover, the 
time constants calculated from the small depolarizing (10 mV) 
and hyperpolarizing (15 mV) transients are similar, which 
supports our assumption that the membrane resistivity is 
effectively ohmic in this narrow voltage range. 

With the information from Fig. 1, the specific membrane 
properties of this cell can be calculated. The surface area (A) was 
estimated from Fig. 1a as 16,000 ym’. The input resistance (Ry) 
was 89.6 MQ, and the average membrane time constant (Tm) was 
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17.7 ms. These values yield a specific membrane resistivity (Rm) 


of 14,330 cm? and a specific membrane capacity (Cm) of 


1.2 pF em™?. 

In most cells, depolarizing current pulses revealed a 
regenerative voltage response as defined by an increasing posi 
tive slope in the membrane potential transient. Anvesaniple ot 
such a regenerative response is shown in Fig. 2. The resting 
membrane potentials of impaled cells from different prep- 
arations were quite variable, ranging from —10 to —100 mV. 
However, as most isolated cells in a given preparation had 
similar resting potentials, all with large input resistances, we 
believe that these variations in resting potentials are not the 
result of damage due to the microelectrode, but are most likely 
due to variations in the retinae used or in the isolation pro- 
cedures. Cells with low resting potentials generally showed 
regenerative voltage responses if.a steady hyperpolarizing cur- 
rent was applied before the depolarizing pulses. The hyper- 
polarization probably reduced delayed rectification and closed 
the voltage-dependent channels that are responsible for the 
regenerative response. The cell shown in Fig. 2 had a resting 
membrane potential of ~25 mV, but the voltage transients were 
obtained when the cell was hyperpolarized to —65 mV. The 
passive of this cell were Ry = 250 MN at —25 mV, 
A= 3,740 um’, R,~9,3500cm", r.%9.6ms and Cy. 
1.0 pF em”. 

The addition of tetrodotoxin (TTX, 10 g'ml~’) to the bathing 
solution of these cells had no apparent effect on the regenerative 
responses. To test whether Ca?* might be involved in the 
regenerative responses, we applied CoCl,, MnCl, or NIC} by 
Sarea injoction te the bathing salition: all three of these 
divalent cations have been reported to block inward Ca”* cur- 
rents in various systems’*"!, We found a rapid and complete 
blockade of all regenerative voltage responses with the appli- 
cation of any one of these divalent cations at a final concen- 
tration of ~10 mM, although Ni** seamed to be the most 
effective. Figure 3a shows the, regenerative voltage response 
from a cell bathed in 10 yg mi~’ TTX. The transients in Fig. 35 
were taken a few minutes after applying 10mM Ni"; the 
regenerative response could no longer be elicited. Sl renal 
were obtained in six other cells. These experiments demonstrate 
that the regenerative voltage responses recorded in isolated 
cone horizontal cells are TTX-insensitive and probably Ca**- 
dependent. 

The results from a number of isolated cells show that they 
have an average specific membrane capacity of 1.3+ 
0.3 uF cm? (mean+s.d., 2 =7). A Cm of 1 pF om™ has been 
suggested to be a biological constant, as this value has been 
found for all carefully studied cells in both vertebrate and 
invertebrate nervous systems ™"?. Our results agree with this 
hypothesis. However, it should be emphasized that our data may 
have several sources of error. First, the sample of cells is limited 
and biased towards larger cells with the simplest morphologies, 
Second, the assumption of uniform thickness for each cell and 
the inaccuracy aseociated with measuring depth could increase 
our surface area estimate by 10-20%. Third, the measurement 
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application of depolartzing current pulses 
membrane potentials could not elicit a regenerative voltage response. 
of the membrane thme constant could be influenced by voltage- 
dependent currents. This last source of error would be most 
critical in those cells with the largest specific membrane resist- 
ivities. . 

With the exception of an apparent lack of TTX-~-sensitive 
sodium channels, the active and passive membrane properties of 
cone horizontal cells seem to be similar to those described in 
various neurones from the central and peripheral nervous 
systems of both vertebrate and invertebrate species. Our results 
suggost that catfish cone horizontal cells, in isolation, can show 
regenerative behaviour that is probably Ca”*~dependent. The 
leak current in vivo, caused by the extensive electrotonic coup- 
lings among horizontal cells, might be expected to subtract from 
a voltage-dependent inward current and prevent the appearance 
of regenerative voltage responses. Accurate estimates of 
membrane resistivity are also difficult to make in the intact 
retina because of these electrical couplings between horizontal 
cells`*. For example, the input resistances of horizontal cells in 
intact retinas were reported to be of the order of 500 kf (ref. 
14), a value about 200 times lower than that found in isolated 
horizontal cells. For these reasons, the ability to record from 
isolated cells is crucial for the study of the biophysical properties 
of these neurones. 
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The release of histamine from human leukocytes is a useful in 
vitro model for studying allergic disease’. Many of the drugs 
used in the treatment of allergy and asthma (for example, 
isoprenaline and theophylline) are effective inhibitors of in vitro 
histamine release’. However, the anti-inflammatory steroids 
have not been found to inhibit the in vitro release of histamine 
from mast cells or basophils activated by immunological stim- 
uli™, In view of the fact that the in vive anti-allergic effects of 
steroids occur only 12-24h after administration’, we have 
re-examined the effects of these drugs on IgE-mediated 
histamine release from human basophils after prolonged 
incubations. We report here a time-dependent inhibition of 
histamine release from human basophils by glucocortico- 
steroids. The relative activity of a series of steroids as inhibitors 
of histamine release correlates well with the relative in vivo 
anti-inflammatory activity of the same compounds. These 
results suggest that the basophil may be an in vivo target of the 
anti-inflammatory steroids and that inhibition of this cell type 
may account for some of the activity of steroids in preventing 
inflammation. 

Human leukocytes were prepared from the blood of normal 
volunteers by dextran sedimentation as described elsewhere® 
except that sterile conditions were used. Cells were cultured in 
the presence or absence of:steroids for up to 24 h, as described in 
Fig. 1 legend, after which they were washed and challenged with 
either anti-IgE or buffer control. Dexamethasone acetate, at 
concentrations up to 10°°M, did not reduce the total cellular 
histamine content in incubations of 24 h. Total leukocyte viabil- 
ity, as assessed by Trypan blue exclusion, was always greater 
than 70% and usually greater than 80% after 24-h culture with 
or without up to 10°°M dexamethasone acetate. In initial 
experiments, the drug in use was present during the wash and 
challenge procedures. However, it was determined that its 
omission during wash and challenge steps did not affect the 
extent of inhibition of histamine release, and it was therefore not 
included in most of the experiments described here. 

The time course of onset of dexamethasone-induced inhibi- 
tion of histamine release is shown in Fig. 1. Control release in the 
absence of steroid was 28%. Preincubation of cells with 
dexamethasone acetate for up to 2 h produced no inhibition of 
histamine release during the subsequent 45-min challenge. 
However, inhibition was noted after 4h of incubation, and 
increased linearly for 24 h. Similar results were obtained with 
anti-IgE in three experiments. In 21 experiments using a 24-h 
incubation, histamine release in the control groups, stimulated 
with O.l gm! anti-IgE, was 3443.3% (mean+s.e.m.) 
whereas that from cells exposed to 107 M dexamethasone 
acetate was 12.9+ 1.4%. In two experiments, using the cells of 
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Fig. 1 Human leukocytes were collected from adult volunteers, 
sedimented in sterile dextran/EDTA, washed twice in sterile saline 
and cultured in 2-mi aliquots in multi-well tissue culture plates for 
24h in RPMI 1640 medium supplemented with penicillin/strep- 
tomycin, glutamine, 25 mM HEPES and 7% autologous serum. 
Dexamethasone acetate in ethanol at 107? M, or ethanol alone, 
was diluted in medium to a final concentration of 10°’ M and 
added at various times so that total duration of exposure to the drug 
was as indicated. At the end of the culture period, cells were 
washed in PIPES-buffered saline, pH 7.3, containing 110mM 
NaCl, 5 mM KCI and 25 mM PIPES, and resuspended in PIPES- 
buffered saline containing 1 mM CaCl, and 1 mM MgCh. Cells 
were then challenged with either 0.1 pg ml! anti-IgE (a gift of Dr 
K. Ishizaka) or buffer control (spontaneous release) at 37 °C for 
45 min. Histamine released into the supernatant was measured 
using an automated fluorometric technique”!. Per cent histamine 
release was calculated as the fraction (x100) of total cellular 
histamine released into the challenge medium after subtraction of 
the spontaneous release (<5%). Per cent inhibition of histamine 
release was calculated as the reduction (expressed on a percentage 
basis) compared with control release induced by drug treatment. 


ragweed-sensitive donors, histamine release stimulated by anti- 
IgE was inhibited by over 80% after a 24-h incubation with 
10°” M dexamethasone acetate. 

To ascertain whether the in vitro activity of steroids parallels 
their in vivo effects, several steroids were tested for activity as 
inhibitors of basophil histamine release using 24-h incubation 
periods. The inhibition of histamine release by four anti- 
inflammatory steroids showed a rank order of triamcinolone 
acetonide > dexamethasone acetate > 9a-fluorocortisone > 
hydrocortisone (Fig. 2). This order of potency is consistent with 
the anti-inflammatory potency of these compounds in man’, and 
the ICs, of these and other steroids shown in Table 1 are similar 
to their binding constants for the steroid receptor'®''. The sex 
steroids, 8-oestradiol, testosterone and progesterone, as well as 
the cortisone metabolite, tetrahydrocortisone, were essentially 
inactive as inhibitors of histamine release. Prednisone, a 
cortisone analogue that is active in vivo, was inactive as an 
inhibitor of histamine release, whereas prednisolone, in two 
experiments, was an effective inhibitor with an approximate 
ICso of 2.2107" M. This observation is consistent with the 
hypothesis that prednisolone, the major metabolite of pred- 


Table 1 Potency of various steroids as inhibitors of histamine release 





Relative 

Compound IC; (M) n potency 
Triamcinolone acetonide 3.1x107° 6 48 
Dexamethasone acetate 78x10 6 19 
Prednisolone 2.2x10% 2 6.8 
9a-Fluorocortisone 45x 1078 4 3.3 
Hydrocortisone 1.51077 8 1 
Progesterone >107 I <0.01 
B-Oestradiol >10% 2 <0.01 
Testosterone >10 2 <0.01 
Prednisone >10 2 <0,01 
Tetrahydrocortisone >10 3 <0.01 


ICso, molar concentration of drug. that inhibits histamine release by 
50%. n, Number of experiments from which data are derived. Potency is 
relative to hydrocortisone. 
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Fig. 2 Inhibition of basophil histamine release by triamcinolone 
acetonide (A), dexamethasone acetate (©), 9a- fluorocortisone (C) 
and: hydrocortisone (@). All steroids were dissolved in ethanol at 
10°? M and subsequently diluted in medium. Assay and cal- 
culations were performed as described in Fig. 1 legend and in the 
text. Data shown represent the mean +s.e.m. inhibition of at least 
four experiments for each drug tested (see Table 1). 
nisone, is responsible for the in vivo activity of prednisone’, 
The relative and absolute potencies of the steroids tested are 
similar to their potencies as inhibitors of arachidonic acid release 
from guinea pig lung’? and transformed mouse fibroblasts'*, as 
well as their potencies as inhibitors of lymphocyte mitogenosis*® 
and macrophage plasminogen activator release", Note that 
results similar to ours have recently been obtained using mouse 
peritoneal mast cells (M. Daéron, A. Sterk and T. Ishizaka, 
personal communication). 

The mechanism of the steroid effect is unclear, but the obser- 
vation that basophil activity is inhibited by glucocorticosteroids 
raises several important questions. First, it becomes necessary to 
determine to what extent a steroid-mediated inhibition of 
basophil activity plays a part in the abrogation of those delayed- 

. type hypersensitivities which involve basophils’*’*. Second, as 
hydrocortisone inhibits histamine release at concentrations 
which are found naturally in the circulation’, it becomes neces- 
sary to determine what role circulating glucocorticoids have in 
the regulation of basophil activity. Third, questions concerning 
the biochemical mechanism by which the steroids inhibit 
histamine release can be approached using a recent technique 
for obtaining human basophils at high purity’. Finally, it 
becomes necessary to ask what role the inhibition of basophil 
activity has in the glucocorticosteroid alleviation of allergic 
disease and asthma. 

This work was supported by NIH grants AI 07290, AI 14959, 
AI 17301 and HL 23586. Publication no. 436 of the O'Neill 
Laboratories, The Good Samaritan Hospital. 
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Arachidonic acid released from cellular phospholipids ts 
metabolized by two major enzyme systems’. The cyclo- 
oxygenase pathways are responsible for the production of 
prostaglandins, thromboxanes and prostacyclin while the 
lipoxygenase pathways form a series of monoperoxy- and 
monohydroxyeicosatetraenoic acids. The 5-lipoxygenase 
pathway eventually leads to the production of both leukotriene 
B, one of the most potent chemotactic molecules known, and 
SRS-A (slow-reacting substance of anaphylaxis-—leakotrienes 
C and D). Our earlier studies of the lipoxygenase enzyme(s) 
suggested that a product(s) of lipoxygerase(s) is both necessary 
for histamine release from human basephils and blunts endo- 
genous control mechanisms’. To test this hypothesis, we have 
studied the effect of exogenously added products of lip- 
oxygenase pathways on antigen-induced histamine release 
from human basophilic leukocytes in vitro. The present 
report demonstrates that 5-hydroperoxyeicosatetraenoic acid 
(5-HPETE), at sub-micromolar concentrations, causes both a 
dose-dependent enhancement of histamine release and a revyer- 
sal of the inhibition of histamine release caused by hormones 
and other agonists which act via adenylate cyclase. The 
reduced product of 5-HPETE, 5-hydrexyeicosatetraenoic acid 
(5-HETE) has both activities, but is approximately 3 to 10 
times less potent. 

As studies of the oxidation of arachidonic acid by cyclo- 
oxygenase and lipoxygenase pathways have been pursued, evi- 
dence has accumulated that products of the lipoxygenase path- 
ways and other fatty acid hydroperoxides: (1) enhance 
anaphylactic mediator release from guinea pig lung“, (2) are 
chemotactic for polymorphonuclear leukocytes™™*, (3) can 
inhibit both leukotriene biosynthesis’? and platelet cyclo- 
oxygenase activity’®, (4) enhance IgE-mediated release of 
histamine in rat mast cells’’, (5) are incorporated into neutrophil 
phospholipids and triglycerides’? and induce degranulation of 
these cells’, and (6) may be involved in inflammatory and 
pyretic reactions in vivo”. 

The nonspecific lipoxygenase inhibitor, 5,8,11,14-cicosa- 
tetraynoic acid, and 5,8,11-eicosatriynoic acid, a relatively 
specific lipoxygenase inhibitor, inhibit basophil histamine 
release caused by antigen-IgE interactions, CSa peptide, {Met 
peptides and the ionophore, A23187, in a complete and 
dose-dependent fashion**. In addition, arachidonic acid and 
pharmacologic concentrations of indomethacin and other non- 
steroidal anti-inflammatory drugs both potentiate histamine 
release and reverse the inhibition of histamine release caused by 
drugs and hormones that act via adenylate cyclase, while failing 
to affect the action of drugs which increase cyclic AMP levels by 
other mechanisms’ ~*, These data, together with the finding that 
the phospholipase A, inhibitor, p- bromophenacyl bromide, also 
causes a complete and dose-dependent! inhibition of histamine 
release’, led to the hypothesis that a lipoxygenase product(s) of 
arachidonic acid, generated by phospholipase A., was both 
obligatory for histamine release and negatively modulated the 
signal generated by receptors linked to adenylate cyclase. 

Figure 1 shows the dose-response relationships for the 
enhancement of histamine release by 5-HPETE and 5-HETE. 
5-HPETE had half-maximal effect at 0.10 uM, and a peak effect 
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Fig.1 Enhancement of basophil histamine release by 5-HPETE 
and 5-HETE. Peripheral blood leukocytes from atopic adult 
volunteers who had given informed consent were isolated by 
dextran sedimentation of venous blood anticoagulated with EDTA 
as previously described”. The histamine release assay was per- 
formed in a total volume of 0.5 ml in buffer containing 25 mM 
PIPES, 110 mM NaCl, 5 mM KCl, 0.003% human serum albumin, 
1.0 mM MgCl, and 1.0 mM CaCl. Incubations were carried out 
for 45 min at 37 °C after a 5-min preincubation of cells with drug or 
lipoxygenase product before addition of antigen, either ragweed 
antigen E or rye grass, group I. The lipoxygenase product, 
5-HPETE, was prepared as described by Porter et al.”*; 5-HETE 
was prepared from 5-HPETE by reduction with NaBH,. These 
lipoxygenase products were added to 12 x 75-mm polypropylene 
reaction tubes as an ether solution which was evaporated under a 
stream of nitrogen immediately before use. Leukotrienes C and D 
were a gift from Dr Joseph Rokach of Merck, Sharp and Dohme 
and stored frozen as an aqueous solution at —70 °C. Dimaprit was a 
gift of Dr M. Parsons of Smith Kline and French. Histamine 
released was quantified by fluorometric assay as previously 
described”*** and corrected for spontaneous release, typically 
<5% of the total histamine content. Experiments were carried out 
in duplicate or triplicate with cells from 3-10 atopic donors. None 
of the lipoxygenase products caused spontaneous histamine 
release. In the experiment above, assays were performed in tri- 
plicate with either 5-HPETE (@) or 5-HETE (©). Control 
histamine release was 45% (a) and 15% (b). Error bars indicate 
s.e.m, 


5-HPETE or 5-HETE (uM) 
(control release 15%) 


at 1.0 uM. 5-HETE had a similar effect but was 60-80% as 
active as 5-HPETE in enhancing histamine release at a concen- 
tration of 1 uM. Examination of the linear portion of the 
enhancement dose-response curve shows that it requires 3 to 10 
times more 5-HETE than 5-HPETE to cause an equivalent 
enhancement of histamine release. The enhancement observed 
is, of course, a function of the magnitude of the control 
histamine release. In a series of 20 experiments, the enhance- 
ment ranged from 15 to 60% when histamine release was 
40-70% of total cellular histamine (Fig. 1a), and from 190 to 
340% when histamine release was 10-15% of total cellular 
histamine (Fig. 15). In a series of six experiments, 11-HPETE 
and 15-HPETE were 100+ 40 times less active than 5-HPETE 
in enhancing release. The stable hydroperoxide, 13-hydr- 
operoxylinoleic acid, showed no enhancement at this concen- 
tration in four of six experiments. In six experiments, other 
products of the 5-lipoxygenase pathway, leukotrienes C and D, 
at concentrations of 0.5-3 pM, caused no consistent enhance- 
ment (or inhibition) of antigen-induced histamine release. These 
results are in contrast to the observations of Schellenberg and 
co-workers, who showed differential effects for leukotriene C 
and D on 48/80-induced histamine release in rat mast cells*’. 
Other lipoxygenase products, including the potent chemotactic 
molecule, leukotriene B'?""*, were not available for evaluation. 

Figure 2 demonstrates the previously reported specific rever- 
sal by indomethacin of the inhibition caused by the histamine 
type 2 agonist, dimaprit”. The activity of 5-HPETE is essentially 
the same as that of indomethacin. 5-HETE also reversed the 
inhibition caused by dimaprit but to a lesser extent (data not 
-shown), Similar reversal was seen in five of five experiments with 
‘S-HPETE and four of five experiments with 5-HETE. In simul- 


taneous experiments, neither indomethacin (as previously 
reported) nor 5-HPETE reversed the inhibition caused by 
dibutyryl cyclic AMP or isobutyl methylxanthine, agonists 
which increase cyclic AMP levels by mechanisms other than 
activation of adenylate cyclase (that is, directly or by phos- 
phodiesterase inhibition). Thus, the effect of 5-HPETE in 
specifically reversing the inhibition of histamine release caused 
by agonists which act via adenylate cyclase is the same as that 
previously reported for indomethacin and arachidonic acid. 

The mechanism by which antigen-IgE interactions cause 
mediator release from basophils and mast cells has been exten- 
sively studied’~*'”"°, The bulk of the evidence suggests that 
stimulation of the basophil occurs by cross-linking cell-surface 
IgE molecules followed by phospholipase A, activation leading 
to the production of arachidonic acid which is then metabolized 
by the lipoxygenase pathway(s) leading to histamine release. 
The present study provides direct evidence that specific 5- 
lipoxygenase products (5-HPETE and 5-HETE) are able to 
modulate histamine release in human basophils; they can both 
enhance antigen-induced histamine release and specifically 
reverse the inhibition caused by agents that increase cyclic AMP 
levels via an effect on adenylate cyclase, Products of the 11- and 
15-lipoxygenase pathways are much less active in this regard 
and leukotrienes C and D are inactive. The naturally occurring 
hydroperoxy derivatives of arachidonic acid are relatively 
unstable in aqueous solutions, being converted, usually within 
minutes, to the corresponding hydroxy compound. The present 
report demonstrates that both the relatively unstable 5-hydro- 
peroxy derivative of arachidonic acid and the stable 5-hydroxy- 
eicosatetraenoic acid have the ability to modulate histamine 
release in human basophils. Whether further metabolism of 
these compounds occurs during the in vitro incubation is 
unknown. Our interpretation assumes that exogenously added 
material will have a similar effect to endogenously generated 
products. 

The mechanism by which lipoxygenase products enhance 
histamine release is unknown, although it is tempting to specu- 
late that these products may be incorporated into membrane 
phospholipids and then induce degranulation, analogous to the 
mechanism proposed for human neutrophils'*'’. The ability of 
other lipoxygenase products to modulate enzymes involved in 
inflammatory reactions, including the inhibition of platelet 
cyclooxygenase activity’® and the inhibition of the biosynthesis 
of leukotrienes'*, argues strongly for the importance of these 
compounds in inflammatory processes. Whether other lipoxy- 
genase products, particularly leukotriene B, are capable of 
modulating histamine release in human basophils remains to be 
tested. 
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Fig. 2 Reversal of dimaprit inhibition of histamine release by 
indomethacin (a) and 5-HPETE (b). Cells were preincubated for 
S min with dimaprit (2 uM), indomethacin (2 uM), 5-HPETE 
(1 pM) or combinations of the above for 5 min before addition of 
antigen. Assays containing drug or lipoxygenase products were 
performed in duplicate; in general, replicate assays varied by 
<10%. Ag, antigen controls; D, dimaprit; I, indomethacin; HP, 
5-HPETE. Error bars indicate range of histamine release for 
antigen controls. 
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The M protein on the surface of Streptococcus pyogenes cells 
enables the organisms to resist ingestion and killing by phago- 
cytic cells in the blood of the non-immune host. In the immune 
host, type-specific antibodies against the M protein neutralize 
the antiphagocytic effect and allow the rapid elimination of any 
invading streptococcci having the same serotype of M protein. 
Recent studies‘ in our laboratories of the primary structure of 
one of these M proteins (type 24) have indicated that the 
molecule is composed of repeating covalent structures, each of 
which contains protective antigenic determinants. These results 
suggest that only a small portion of the M protein molecule may 
be required to produce primary protective immunity against S. 
pyogenes. We now report that this notion is well founded. Our 
findings may have a bearing on the development of M-protein 
vaccines to protect against streptococcal infections causing acute 
rheumatic fever and rheumatic heart disease’. 

The mechanism whereby streptococcal infections give rise to 
complications such as rheumatic fever remains a mystery’. 
Because the sera of some patients with rheumatic fever show 
serological cross-reactivity between heart tissue antigens and 
certain streptococcal antigens’, it has been feared that 
immunization with intact M-protein vaccines may lead to 
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rheumatic heart disease. However, we Bave recently found that 
rabbits and mice immunized with cyanogen bromide fragments 
(CB6 or CB7) of type 24 M protein containing only 35 amino 
acid residues each developed opsonic and protective antibodies 
against type 24 streptococci’. One of these peptides (CB7) has 
now been chemically synthesized (S-C37) and we report here 
protective immunity in laboratory animals induced by $-CB7 
covalently linked to polylysine. In addition, we present evidence 
that one of the protective determinants resides in a peptide 
fragment of CB7 containing only 12 amino acid residues. 

The CB7 polypeptide fragment of type 24 M protein and a 
dodecapeptide starting at residue 18 and ending at residue 29 
(S18-29CB7) were synthesized? and purified by reverse-phase 
HPLC on Ultrasphere ODS2 (Whatman) columns (Penninsula 
laboratories). The $18-29CB7 peptide overlaps two subpep-~ 
tides derived from trypsin digestion of lysyl-blocked CB7 (see 
below). Amino acid analyses confirmed the identity of the 
synthetic peptides. Automated Edman degradation’ to the 
penultimate residue gave the amino acid sequence of $-CB7 as 


5 
Asn-Phe-Ser-Thr-Ala-Asp-Ser-Ala-Lys- 
10 1S 


S 
le-Lys-Thr-Leu-Glu-Ala-Glu-Lys-Ala-Ala- 
20 as 

Leu-Ala-Ala-Arg-Lys-Ala-Asp-Leu-Glu-Lys- 
30 38 
Ala-Leu-Glu-Gly-Ala-Met 


This sequence is identical to that of the native CB7 fragment 
except that the COOH-terminal residue of S-CB7 is 
methionine, not homoserine*. The amino acid sequence of the 
$18-29CB7 peptide was found to be identical to the cor- 
responding segment of CB7 except for the addition of a glycine 
tripeptide at the COOH terminal, which is used asa leash in the 
synthesis of the peptide (Penninsula Laboratories). 

Three rabbits immunized with 25 nmel of S-CB7 emulsified in 
complete Freund’s adjuvant (CFA)* developed antibody titres 
at 6 weeks of 1:400, 1:1,280 and 1:25,600, respectively, as 
determined by enzyme-linked immunosorbent assays 
(ELISAs)**. However, only the serum showing the highest 
ELISA titre was capable of opsonizing type 24 streptococci 
(data not shown). Therefore, three additional rabbits were 
immunized with 25 nmol of CB7 covalently conjugated to poly- 
lysine (molecular weight (MW) ~35,000) and emulsified in 
CFA. The sera of all three rabbits showed good antibody 
responses as measured by ELISAs or epsonic antibody assays 
(Fig. 1). In bactericidal assays (see Fig. 1 legend) using types 5, 6 
and 24 streptococci, the immune sera were able to promote 
phagocytosis and killing of only the homologous type 24 strep- 
tococci, indicating that the humoral reeponses to the synthetic 
peptide fragment are type-specific. 

Agar gel diffusion tests using the immune rabbit sera gave 
precipitin arcs between the polylysme conjugates of the 
synthetic and the native CB7, as well as with the intact pepsin- 
extracted type 24 M protein (pep M24) molecule, which further 
confirms that the synthetic and native CB7 peptide fragments 
are immunochemically identical. Neither type 5 nor type 6M 
protein was immunoreactive with anti-CB7 antiserum. None of 
the S-CB7 immune sera tested were reactive with frozen 
sections of human heart tissue assayed by immunofluorescence 
as previously described’. 

To demonstrate the protective capacity of the antisera against 
S-CB7, mice were passively immunized with a pool of the 
immune rabbit sera and challenged after 24 h with live type 24 
or type 6 streptococci. The results (Table 1) clearly show the 
type-specific protective capacity of the immune sera and 
indicate that the S-CB7 peptide contains at least one protective 
antigenic determinant of type 24 streptococci. 

To determine whether protective antigenic determinants 
resided in yet smaller peptide fragments, the CB? peptide was 
cleaved at its arginine residue by trypsin, after blocking lysy! 
residues with recrystallized maleic anhydride (to a molar excess 
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of 20 over the total number of lysyl residues)*’ After digestion 
with trypsin (TPCK (tosyl-phenylethyi-chloromethyl-ketone) 
treated, Worthington) at an enzyme/substrate ratio of 1:50 
(w/w) in 0.05 MNH,HCO,, pH 8.3, the lysyl residues were 
demaleylated using pyridine /acetate (1:10), pH 3.0 at 60 °C for 
6 h. The demaleyated peptides were then HPLC-separated ona 
column of Ultrasphere ODS2 equilibrated with 0.01 M phos- 
phate buffer, pH 7.2, and eluted on a gradient of 0-40% 
acetonitrile". In this way, a 12-residue COOH-terminal and a 
23-residue NH,-terminal peptide were purified and then tested 
for their ability to inhibit opsonic antibodies‘ (see Fig. 1 legend). 
For 50% inhibition of opsonization of type 24 streptococci, 
9 nmol of the 23-residue, NH-terminal peptide and 20 nmol of 
the 12-residue, COOH-terminal peptide of CB7 were needed, 
compared with only 1.6 nmol of a mixture of the two peptides 
and 0.8 nmol of the uncleaved CB7 peptide. The greater activity 
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Fig. 1 Immune responses in three rabbits (A, W, @) as measured 
by ELISAs (~~-) or opsonic antibody ( ) assays after 
immunization with 24 nmol of S-CB7 conjugated to polylysine and 
emulsified in complete Freund’s adjuvant (CFA) followed a week 
later by the same dose emulsified in CFA. Each symbol represents 
a different rabbit (see also Table 1 legend). Sera collected at 
2-week intervals were assayed for antibodies to type 24 M protein 
adsorbed to the walls of plastic cuvettes by the ELISA method as 
previously described”, except that semi-automatic methods were 
used (EIA PR50 automatic analyser and injector, Gilford), ELISA 
titres are expressed as the reciprocal of the highest dilution of 
serum giving an absorption >0.1 at 405 nm. Opsonic antibodies 
were assayed as described elsewhere’. Briefly, the test mixture 
consisted of 0.4 ml of fresh heparinized (10 U ml‘) human blood, 
0.05 ml of a standard suspension of streptococci and 0.05 ml of 
various dilutions of test serum. The number of streptococcal units 
per leukocyte was ~10. The percentage of neutrophilic leukocytes 
counted that ingested one or more bacteria was estimated by 
microscopic examination of stained smears prepared from a drop 
of test mixture after incubation for 30 min. The opsonic antibody 
titres are expressed as the reciprocal of the highest twofold dilution 
of test serum in three separate tests that promoted phagocytosis of 
streptococci in =10% of the neutrophils counted after incubation 
at 37°C for 30 min; the same organisms in the presence of preim- 
mune rabbit serum were phagocytosed by <2% of neutrophils in 
each test. Antisera giving titres > 1:4 all produced phagocytosis in 
the range 40-70% when undiluted. The results of these phagocy- 
tosis tests were confirmed by indirect bactericidal tests performed 
as previously described’. Type specificity of the sera was 
confirmed by the failure of the S~CB7 immune sera to promote 
phagocytosis and killing of heterologous type 5 and type 6 strep- 
tococci. 








Table 1 Protection of mice against challenge infections with type 24 
streptococci by sera of rabbits immunized with S-CB7 





LDso in mice challenged with: 


Serum used to Type 6 Type 24 
immunize mice passively streptococci streptococci 
Preimmune serum <500 (2/15) <500 (3/15) 
Pooled (three rabbits) <500 (2/15) 3,500,000 (14/15) 


immune anti-S-CB7 
serum 





Three rabbits were immunized intracutaneously with 25 nmol of 
S-CB7 conjugated to polylysine (MW ~ 35,00) and emulsified in CFA 
as previously described*. The initial immunizing dose was followed 1 
week later by the same dose emulsified in incomplete Freund's adjuvant 
and injected subcutaneously. Preimmune and immune sera, obtained 
before immunization and 6 weeks after the initial immunizing dose, 
respectively, were pooled and white Swiss mice injected intraperi- 
toneally with 0.2 ml of either serum. The mice were challenged 24h 
later by the same route with various doses 500-4 x 10° colony-forming 
units of type 6 or type 24 streptococci. The survivals were recorded over 
a 7-day period and are shown in parentheses as the number of survivors 
per number of challenged mice. 


of the mixture of the two peptide fragments of CB7 indicates 
that CB7 contains at least two distinct type-specific protective 
determinants, and that one of these resides in a peptide contain- 
ing only 12 amino acid residues. The synthetic dodecapeptide 
overlapping these two peptides (residues 18-29) had no opsonic 
inhibitory effect in doses as high as 100 nmol, suggesting that 
neither immunodeterminant is included in this dodecapeptide. 
However, the possibility that the COOH-terminal triglycine 
residues may interfere with antibody binding at that end of the 
dodecapeptide has not been excluded. 

In contrast to the type specificity of the humoral immune 
responses to S~CB7, the cellular immune responses were highly 
cross-reactive. The lymphocytes of S~-CB7-immunized rabbits 
were equally responsive to a heterologous type 5 M protein and 
an homologous type 24M protein (Table 2). Moreover, 
immunization of rabbits with the synthetic dodecapeptide (S18- 
29CB7), although not providing effective humoral immunity, 
induced cellular immunity to both serotypes of M protein similar 
to that seen after immunization with S~CB7 (Table 2). The 
lymphocytes from none of the animals responded to S-CB7 or 
$18~-29CB7, indicating that these peptides were of insufficient 
molecular size to elicit the in vitro blastogenic response of 
sensitized lymphocytes’. 

Recently Audibert et al.” actively immunized laboratory 
animals against diptheria toxin using a chemically synthesized 
oligopeptide. However, we believe that our results are the first 
to show that a synthetic polypeptide antigen can raise antibodies 
which promote phagocytosis and killing of a bacterial pathogen. 
The synthetic CB7 of type 24 streptococcal M protein represents 
a 35-amino acid fragment of the parent molecule, which consists 
of 376 amino acid residues’. The molecule has previously been 
shown to consist of repeating covalent structures, the first 20 
residues.of CB7 being indentical to the corresponding regions of 
four other peptide fragments (CB3, CB4, CB5 and CB6)’. Two 
additional fragments (CB1 and CB2), each with a MW of 
~10,000, have NH,2-terminal amino acid sequences which are 
different from the smaller peptide fragments but are identical to 
each other and to the intact pepsin-extracted M protein (pep 
M24) molecule for at least the first 27 residues'?'. 

In addition, the 12 COOH-terminal residues of CB1 and CB2 
were found to be identical to those of each of the smaller 
peptides (unpublished data). It was particularly intriguing that 
one of the protective determinants was shown to reside in this 
12-residue peptide, which is repeated seven times in the pep 
M24 molecule. Because of the repetitive nature of the primary 
structure of the M protein molecule it is not surprising that 
antibody directed against such a small segment of the molecule 
proved to be opsonic and presumably protective. The repetition 
of the determinant would provide multiple sites of interaction 
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Table 2 Blastogenic responses of lymphocytes from rabbits immunized with S-CB7 or $18-29CB7 fragments of type 24 M protein 











Mean c.p.m. (+8.e.m.) of lymphocytes cultured with: 





Rabbit Immunizing antigen Control M5 M24 
8026 S-CB7 98+ 23 3,743 4411 41212479 
8027 S~CB7 181428 12,684 + 1,454 829% 124 
8028 S-CB7 156431 43,391 + 3,094 36,449 + 5.416 
7919 $18-29CB7 415227 11,521 +3,081 12,038 + 243 
7921 $18-29CB7 135431 17,056 + 3,081 3,575 41.265 
8020 $18-29CB7 705459 12,4874+918 4,916+ 362 
8007 CFA (control) 76+ 102 64412 4042 
8008 CFA (control) 31411 153425 83425 


Heparinized (100 U ml”') peripheral blood was obtained from rabbits 2-6 weeks after immunization (see Table 1 legend) by cardiac puncture. 
Mononuclear cells were isolated by Ficoll-Hypaque gradient centrifugation as described elsewhere'””'*, Lymphocytes were washed three times and 
resuspended in RPMI 1640 (Gibco) supplemented with penicillin (100 U ml~'), streptomycin (100 pg mi” 1), L-glutamine (2 mM) and HEPES buffer 
(25 mM). Lymphocytes (2 x 10°) were incubated at 37 °C with 50 pg per culture of each antigen tested in 96-well microculture plates (Falcon Plastics} 
in a total volume of 200 pl supplemented with 5% heat-inactivated fetal calf serum, Control cultures were incubated in the same volume of medium 
without antigen. Eighteen hours before collecting, 1 aCi of 3H-thymidine (specific activity 2 Ci mmol”', Research Products International) in 25 ul 
culture medium was added to each well. All cultures were collected after 5 days using multiple automated sample harvester and the cells assayed for 
radioactivity in a liquid scintillation counter as described elsewhere!” ?®. CFA, complete Freund’s adjuvant. Control animals were injected with the 


same volume of CFA emulsified in 0.15 M NaCl without antigen. 


with the immunoglobulin molecules. Such interaction at mul- 
tiple sites seems to be necessary for optimal opsonization of M 
protein-containing streptococcal cells”. 

The significance of the cell-mediated cross-reactions between 
synthetic peptide fragments and heterologous M proteins is 
unclear; structural similarities between the M proteins’ $ 
may account for these cross-reactions as well as for the high 
degree of cellular immunity to various M proteins recently 
observed in lymphocytes from human adults as well as cord 
blood of newborn infants”. 

The immunogenicity of small peptide fragments is 
encouraging for the development of safe and effective vaccines 
against those streptococcal infections that initiate rheumatic 
‘fever and rheumatic heart disease’. The efficacy of very small 
peptides would permit disposal of a large portion of the M 
protein molecule and, therefore, should reduce the chances of 
eliciting immunological cross-reactions against host tissues. 
Thus, the continued identification of peptide structures respon- 
sible for protective immunity should yield a pool of small 
peptides that may eventually be synthesized and administered 
safely to humans as vaccine broadly protective against many 
serotypes of streptococci, particularly against those strains that 
trigger post-streptococcal sequelae. 
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The response of T lymphocytes to antigens of the major histo- 
compatibility complex (MHC) in a species is commonly 
measured by two assays. The mixed lymphocyte reaction (MLR) 
measures proliferating lymphocytes (T,), and cell-mediated 
cytolysis (CMC) measures the cytotoxic T cells (T.) generated, 
which can destroy tissue cells bearing the alloantigens. against 
which the response is directed’. T, and T, are thought to be 
derived from different precursors, the T,-P and T,-P respec- 
tively, and each seem to have different requirements for activa- 
tion. Initially it was claimed that T,-P and T,-P were coded to 
respond to antigens specified by different genes in the MHC’ but 
this distinction has since been shown not to be absolute”. We 
previously demonstrated’ that T,-P and T.-P had different 
antigen-binding characteristics as T.-P could be bound in a 
haplotype-specific manner to allogeneic monolayers but T,-P 
were not bound in these conditions. We report here further 
experiments which show that these two populations have quali- 
tatively distinct antigen recognition properties, by demonstrat- 
ing that T,-P will bind only when self- plus alloantigen are 
presented by a monolayer, whereas T,-P will bind when allo- 
antigen alone is present. 

Our original observation’ that monolayers of preincubated 
spleen cells specifically absorbed cytotoxic precursors, T.-P, but 
failed to bind precursors of proliferative cells, T,-P, has been 
confirmed in many experiments. Because the proliferative 
response seen in MLR reactions had been shown to be strongest 
when stimulated by H-21 region antigens, it seemed possible 
that T,-P did not bind because monolayers of spleen cells were 
used and not all these cells expressed Ia determinants. Poly-L- 
lysine monolayers of B-lymphocyte blasts were therefore pre- 
pared from B10 mice, then spleen cells from B10.BR mice 
incubated on these for 1h. The nonadherent cells were 
recovered and cultured for MLR and CMC production against 
X-irradiated B10 and B10.D2 cells. Table 1 shows that the 
results were the same as those obtamed with spleen cell 
monolayers; T,-P were bound but not T,-P. Similar experiments 
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Table 1 Absorption on B-cell blast monolayers and its effect on the proliferative 
and cytotoxic response of the nonadherent B10.BR responder population to 
stimulation with X-irradiated B10 spleen cells 





Proliferative 


Absorbing Response Cytotoxic titre 
LPS blast (c.p.m. H-2") H-24 
Responder monolayer Stimulator *H-T) target target 
B10.BR ~ X-B10 10,500+950 16,7 5.7 
B10.BR men X-B10.D2 19,800+1,500 <1 23.8 
B10.BR m X-B10.BR 480+ 60 
B10.BR B10 X-B10 10,800 + 680 <1 1,7 
B10.BR B10 X-B10.D2 16,900 + 660 <l 23.3 
B10.BR B10 X-B10.BR 500 + 50 
X-B10.BR B10 X-B10 230+20 
X-B10.BR B10 X-B10.D2 130+10 


aaneen 

B10 spleen cells (3 x 10°) were cultured in 75 cm? flasks (Falcon no, 3024) ina 
final volume of 75 ml of Eagle's minimum essential medium plus non-essential 
amino acids, supplemented with 10% v/v fetal calf serum (FCS) and 7x 107°M 
2-mercaptoethanol (MEM/FCS) containing 10g ml"! of lipopolysaccharide 
(LPS, Difco no. 3122-25) at 37°C with 10% CO, in air for 3 days to generate 
B-cell blasts. After washing, 1-2 x 10” blast cells were attached to poly-L-lysine- 
coated dishes as described previously”. B10.BR responder spleen cells, or in one 
case X-irradiated B10.BR (X-B10.BR) spleen cells as controls, were absorbed on 
the resultant monolayers as previously described’. Briefly, B10.BR responder 
spleen cells (2 x 10”) in 2 ml MEM/FCS were added to each monolayer. The dishes 
were centrifuged at 100g for 5 min then incubated at 37 °C with 10% CO, in air for 
1 h. The nonadherent B10.BR responder cells were recovered by brief agitation, 
washed once, and 210” were resuspended in 8m! MEM/FCS and divided 
equally between two 25 cm” flasks (Falcon no. 3013). Control cultures containing 
10” unfractionated B10,.BR spleen cells in 4m! MEM/FCS were similarly pre- 
pared, To each flask were added 10” X-irradiated (1,000 rad) stimulator spleen 
cells in 1 ml, Stimulator cells of the monolayer strain (X-B10, H-2°) were added to 
one of each pair of flasks representing the nonadherent population from a single 
dish, while stimulators of an unrelated strain (X-B10.D2, H-2°) or of the respon- 
der strain (X~B10.BR) were added to the remaining flask. All cultures were 
prepared in duplicate and incubated upright at 37 °C with 10% CO, in air for 5 
days. To determine the proliferative response, duplicate 0.3-ml samples of each 
culture after 3 days incubation were transferred to a microtitre tray (Sterilin no. 
M29 ARTL). After centrifugation at 100g for 5 min, half the supernatant was 
discarded and 25 ul of medium containing 0.5 uCi of °H-thymidine (H-T) were 
added to each well. After incubation in a humidified box with 10% CO, in air for 
18 h, cultures were transferred to microtubes and treated according to the method 
of Smart eral.™*, Results obtained were expressed as c.p.m. °H-T and represent the 
mean +s.d. of quadruplicate determinations. Cytotoxicity was determined after 5 
days incubation using a microassay described elsewhere’’, Duplicate cultures were 
pooled, washed and resuspended in 0.3 ml RPMI 1640 supplemented with 10% 
v/v FCS (RPMI/FCS). All T, populations were titrated against *'Cr-labelled 
tumour target cells of both stimulator haplotypes. The results obtained were 
expressed as % lysis +s.d. of triplicate determinations. Per cent specific lysis 
represents the % lysis minus the spontaneous release of label by target cells 
incubated with medium alone, The cytotoxic titre for a given T, population was 
calculated as the reciprocal of the highest dilution of the T, population which gave 
15% specific lysis of the target concerned. 


using mouse embryonic fibroblasts which have also been shown 
to express I-region antigens®” also failed to show depletion of 
T,-P. 

Although T-cell responses to MHC alloantigens have always 
been considered not to require self-antigen presentation, in the 
absence of any other effective system for binding T,-P, we 
examined the effect of using absorbent monolayers which co- 
presented both allo- and self-antigen. Table 2 shows the results 
of absorbing B10.BR spleen cells separately on to monolayers 
composed of preincubated splenic lymphocytes of B10.BR, 
BALB/c or (B10.BR x BALB/c)F, hybrid origin. Neither the 
B10.BR nor BALB/c monolayers bound T,-P, as shown by the 
unimpaired MLR response of the nonadherent B10.BR cells 
when stimulated with X-irradiated BALB/c or B10 cells. The 
BALB/c monolayers were adequate as shown by the fact that, 
although T,-P were not bound, T.-P directed against BALB/c 
were bound (data not shown). However, B10.BR cells which 
had been exposed to the (B10.BR x BALB/c)F, monolayer 
were found to be depleted of both T.-P and T,-P when stimu- 
lated by BALB/c alloantigens. The T,-P depletion was 
apparently specific as the T, response to B10 alloantigens was 
unimpaired. 

To ensure that the reduction in ability to respond to BALB/c 
antigens by the B10.BR cells, which were nonadherent to the 
(B10.BR x BALB/c)F, monolayer, was due to binding of T,-P 
and not to induction of a suppressor effect, non-F, monolayer- 


adherent B10.BR cells were added to normal B10.BR spleen 
cells and stimulated with X-irradiated BALB/c cells. As can be 
seen in Table 3, no evidence was found for suppression by the 
B10.BR cells that were nonadherent to the F, monolayer. An 
alternative explanation of the results is that T,-P were either 
bound or inactivated nonspecifically by exposure to the F, 
monolayer and that the apparent specificity of the undiminished 
anti-B 10 response was attributable to F, monolayer cells which 
were mounting an anti-B10 response. However, this was not the 
case as the cells which incorporated *H-T on stimulation by B10 
alloantigens were susceptible to complement-mediated lysis 
with anti-B10.BR serum but not with anti-BALB/c serum 
(Table 4). It was therefore concluded that the reduction in 
proliferation was due to binding of the T,-P to the F, monolayer. 

The specificity of T,-P depletion was confirmed and investi- 
gated further by exposing B10.BR spleen cells to mono- 
layers of B10.BR, BALB/c, B10, (B10.BRxBALB/c)F,, 
(B10.BRxB10)F, or (B10xBALB/c)F, spleen cells. The 
results are summarized in Table 5. Absorption of anti-BALB/c 
T-P occurred only on (B10.BR x BALB/c)F, monolayers. The 
depletion is specific for the anti-BALB/c response as the 
nonadherent B10.BR cells gave an undiminished MLR 
response to B10 alloantigen stimulation. The specificity of the 
depletion technique is further illustrated by the demonstration 
that absorption on a (B10.BR x B10)F, monolayer depleted the 
anti-B10 proliferative response but not the anti-BALB/c 
response. This experiment also defines further the self 
requirement, because B10.BR were not depleted of anti- 
BALB/c T,-P when exposed to a monolayer of (B10x 
BALB/c)F,, indicating that the self-antigen recognized must be 
coded in the H-2 region. This has been confirmed by further 
experiments (data not shown) in which B10 responder cells 





Table 2 Absorption of B10.BR responders on preincubated (B10.BR x 

BALB/c)F, monolayers specifically depletes the proliferative response of the 

nonadherent responder population to stimulation with X-irradiated BALB/c 
spleen cells 





Proliferative 


Absorbing response 
Responder monolayer Stimulator — (c.p.m. H-T) 
B10.BR ~ X-BALB/c 6,5602480 
Bi0.BR _ X-B10 §,310+ 510 
B10.BR _~ X-B10.BR §00 + 80 
Bi0.BR B10.BR X-BALB/c  6,710+310 
B10.BR B10.BR X-B10 5,450%470 
B10.BR B10.BR X-B10.BR 510 «50 
Bi0O.BR BALB/c X-BALB/e  7,890+960 
Bi0.BR BALB/c X-B10 6,420 + 400 
Bi0.BR BALB/c X-B10.BR $10 +60 
Bi0.BR (B10.BR x BALB/c)F, X-BALB/c 310120 
B10.BR (B10.BR x BALB/c)F, X-B10 5,850+610 
Bi0.BR (B10.BRx BALB/c)F, X-B10.BR 390 + 40 





B10.BR responder spleen cells were absorbed onto B10.BR, BALB/c (H~2%) or 
(B10,BR x BALB/c)F, spleen cell monolayers (preincubated for 4 h) as described 
in Table 1. The resulting nonadherent responder cells were stimulated with 
X-irradiated BALB/c (X-BALB/c), B10 (X-B10) or B10.BR (X-B10.BR) spleen 
cells. After 3 days incubation the proliferative response was determined as 
described in Table 1 legend. 





Table 3 Inability of B10.BR responders nonadherent to (B10.BR x BALB/c)F, 
preincubated monolayers to suppress the proliferative response of normal, 
unfractionated B10.BR responders to stimulation with X-irradiated BALB/c 





Responder population 


Bi0.BR Proliferative 
nonadherent response 
Bi0.BR X-B10.BR to F,* monolayer (p.m. 3H-T) 
§x 10° am- §x 10° 2,930 + 250 
5x 10° §x 10° — 2,780110 
— 5x 10° §x 10° 230470 





B10.BR responder cells nonadherent to a (B10.BR x BALB/c)F, monolayer 
(5x 10°) were mixed with an equal number of unfractionated B10.BR spleen cells. 
These were stimulated with 10’ X-irradiated BALB/c spleen cells as were control 
cultures containing 5x 10° unfractionated B10.BR responder spleen cells and 
£x 10° X-irradiated B10.BR spleen cells. 

*F, = (B10.BR x BALB/c)F,. 
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could be depleted of anti-BALB/c T,-P by exposure to a 
(B10xBALB/c)F, spleen monolayer but not a (B10.BR x 
BALB/c)F, monolayer. 

The specificity of binding of T,-P by monolayers presenting 
self- plus alloantigen has been tested using a number of parental 
and F; strains. These have confirmed the general observation 
that T,-P were bound only when the responder and absorbing F, 
monolayer shared a common haplotype, and the depletion was 
specific for the haplotype of the other parent. In addition, we 
have found that monolayers composed of mixtures of responder 
and stimulator spleen cells would not absorb anti-stimulator 
T,-P. The level of depletion achieved by absorption on semi- 
allogeneic F, monolayers has varied for different combinations 
of responder—~monolayer mouse strains but has been consistent 
for any single combination. This is not surprising as we found 
that even for T.-P binding, the level of depletion depends on the 
time of preincubation before the monolayer is constructed and 
this differs from strain to strain. All the experiments reported 
here using F, cells have involved only a 4-h preincubation which 
may not be optimal for all combinations. 





Table 4 Proliferative response of the B10.BR nonadherent population to stimu- 
lation by X-irradiated B10 is not due to detached (B10.BR x BALB/c)F, 
monolayer cells 





Proliferative 

Preincubated response 
Responder monolayer Stimulator Treatment (c.p.m. H-T) 
B10.BR _ X-B10 C' only 4,980 + 220 
B10.BR _ X-B10 Anti-BALB/c+C’ = 4,560 + 190 

B10.BR _ X-B10 Anti-B10.BR+C’ 2,280 +90 
F,* _ X-B10 C only 6,680 + 290 
F, = X-B10 Anti-BALB/c+C  3,050+120 
F, — X-B10 Anti-B10.BR +C' 3,100+ 110 
B10.BR F, X-B10 C only 4,380+ 210 
B10.BR F, X-B10 Anti-BALB/c+C’ 4,550180 

B10.BR F, X-B10 Anti-B10.BR+C’ 1,740 + 80 





B10.BR, (B10.BR x BALB/c)F, or B10.BR responders that were nonadherent 
to preincubated (B10.BR x BALB/c)F, monolayers were stimulated with X- 
irradiated B10 (X-B10) spleen cells. Samples of 3-day cultures were incubated 
with °H-T as described in Table 1 legend. After labelling, replicate samples were 
pooled, washed and resuspended in 0.2 ml RPMI/FCS. To three 50-41 aliquots the 
following were added: (1) 50 pl of RPMI/FCS; (2) $0 wl of a 1:4 dilution of 
B10.BR anti-BALB/c serum; (3) 50 ul of a 1:4 dilution of a BALB/c anti- 
B10.BR serum. After incubation for 30 min the tubes were centrifuged and 
supernatants discarded; 0.2 ml of a 1:8 dilution of rabbit complement (C’) was 
added to each tube and incubated for a further 30 min. After washing twice in 
RPMI/FCS the samples were collected and processed as described in Table 1 
legend. 

* F, = (B10.BR x BALB/c)F,. 





Table S Specific depletion of T,-P requires the responder and monolayer strains 
to share an H-2 haplotype 





Proliferative 
response 
Absorbing (c.p.m. minus 
Responder monolayer Stimulator control values) 
B10.BR _ X-BALB/c 11,020+ 710 
B10.BR = X-B10 20,660 + 860 
Bi0.BR B10.BR X-BALB/c 10,770+ 810 
B10.BR B10.BR X-B10 19,770 + 1,020 
B10.BR BALB/c X-BALB/c 10,950 + 720 
B1i0.BR BALB/c X-B10 19,7502 690 
B10.BR B10 X-BALB/c 11,080 + 570 
B10.BR B10 X-B10 18,020 +790 
B10.BR (B10.BRxBALB/c)F, X-BALB/c 80270 
BIOBR (B10.BRxBALB/c)F, X-B10 19,340 +900 
B10.BR (Bi0.BR x B10)F, X-BALB/c 10,480 +330 
B10.BR (B10.BR x B10)F, X-B1i0 9002110 
Bi0.BR (B10xBALB/c)F, X-BALB/c 10,370 + 520 
B10.BR (B10xBALB/c)F, X-B10 20,640 + 1,020 


B10.BR responder spleen cells were absorbed, as described in Table 1 legend, 
on monolayers of B10.BR, BALB/c, B10, (B10.BR x BALB/c)F,, (B10.BR x 
Bi0)F,, or (B10 x BALB/c)F, spleen cell monolayers that had been preincubated 
for 4h. The resultant nonadherent responder cells were stimulated with X- 
irradiated BALB/c, B10 or B10.BR spleen cells. After 3 days incubation the 
proliferative response was determined as described in Table 1 legend. The results 
are expressed as c.p.m. minus control values (stimulated with X-B10.BR). 
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The importance of the experiments reported here is that, in 
addition to clarifying the distinction between antigen recog- 
nition by T,-P and T.-P, they present the first evidence of the 
need for self-antigen recognition by T cells coded to respond to 
alloantigens of the MHC. It is already well established that T 
cells responsive to non-MHC antigens require the extraneous 
antigen to be presented together with self-antigens’*'*. This 
distinction has been the basis of suggestions that alloreactive 
cells might, in fact, include multiple clones coded to self plus 
various extraneous antigens. This view will require some 
revision if the need for self- plus alloantigen demonstrated here 
is found to be generally applicable to the activation of cells which 
proliferate in response to MHC alloantigens. It should be stres- 
sed that in our experiments we have measured binding of 
precursors, not activation, but preliminary tests suggest that the 
same features apply to activation. 
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We recently reported’ that adrenaline treatment of the perfused 
rat heart produced a marked activation of phosphofructokinase 
when assayed at low substrate concentration using a new iso- 
topic assay”. As muscle phosphofructokinase has been reported 
to be phosphorylated by the cyclic AMP-dependent protein 
kinase’, activation of phosphofructokinase might be expected 
to result from phosphorylation mediated by the £-recep- 
tor/adenylate cyclase/cyclic AMP-dependent protein kinase 
sequence. We now report that this is not se, but that activation of 
phosphofructokinase in the perfused rat heart occurs indepen- 
dently of phosphorylase activation, by a cyclic AMP-indepen~ 
dent mechanism, and that this process seems to be mediated 
predominantly through the a -adrenergic:receptors. We believe 
this represents the first example showing that not only in liver", 
but also in a muscular tissue, occupancy of an a-adrenergic 
receptor changes the activity of a glycolytic enzyme. In addition, 
the present findings imply a coordination of muscle glycolysis 
with hepatic glucose output. 
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Figure 1 shows the effect of varying ATP concentration on 
extract phosphofructokinase activity from control and adrena- 
line-treated hearts. The adrenaline-activated form of the 
enzyme as expressed in crude heart extracts displays higher 
activity than the control form at all ATP concentrations. This is 
most pronounced at ATP concentrations > 0.5 mM, where the 
control form is almost totally inhibited, We have subsequently 
used this difference in sensitivity to inhibition by ATP to define 
an ‘activity ratio’ for phosphofructokinase where the control 
(unactivated) form of the enzyme is 0.2+0.1 and the activated 
form of the enzyme is 0.640.1, representing the activity of 
phosphofructokinase determined at 1 mM ATP divided by that 
at 0.1 mM ATP (both at 0.01 mM hexose 6-phosphate). 

Table 1 shows the effect of 5-min perfusions with adrenergic 
agonists or antagonists on the activity ratios of phos- 
phofructokinase and glycogen phosphorylase in heart. For 
phosphofructokinase the basal activity ratio of 0.21 was 
increased about threefold by both adrenaline (107° M) and 
10°°M phenylephrine and remained elevated following gel 
filtration of the heart extracts (results not shown). Neither 
1075M isoprenaline nor 10°°M phenoxybenzamine had any 
effect, but 107° M propranolol increased the ratio to 0.35. As 
the increase produced by adrenaline was blocked by phenoxy- 
benzamine but not by propranolol, it was concluded that activa- 
tion of phosphofructokinase was mediated predominantly 
through the a-receptor. This view was further supported by the 
observation that the marked increase in phosphofructokinase 
activity ratio produced by 10°°M phenylephrine was also 
blocked by 107° M phenoxybenzamine. 

In contrast to a predominantly a-receptor-mediated activa- 
tion of phosphofructokinase, the activation of phosphorylase 
was mediated by a B-receptor mechanism. Adrenaline (10°°M 
and 5x 10-7 M) and 10°°M isoprenaline each increased the 
phosphorylase activity ratio {a/a +b) approximately fourfold. 
1075M Phenylephrine had a marginal effect. Neither 10°°M 
propranolol nor 107° M phenoxybenzamine had any stimula- 
tory effect. The increases produced by adrenaline and iso- 
prenaline were totally blocked by the B-antagonist, propanolol 
(10°°M), but the adrenaline-mediated increase in phos- 
phorylase activity ratio remained unaffected by the a- 
antagonist, phenoxybenzamine (107% M). 

The marginal increase in phosphorylase activity ratio 
produced by the highest concentration of phenylephrine 
(107° M) was blocked by 107° M phenoxybenzamine. However, 
lower concentrations of phenylephrine (<107° M) significantly 
increased the activity ratio of phosphofructokinase but did not 
increase that of phosphorylase (Table 1). 

Figure 2 shows the time course effects of 107° M isoprenaline, 
107° M phenylephrine and 107° M naphazoline on the activity 
ratios of phosphofructokinase and phosphorylase as well as the 





Table 1 The effect of adrenergic agonists and antagonists on the activity ratios of 
phosphofructokinase and glycogen phosphorylase 





Additions Phosphofructokinase Phosphorylase 
None 0,210.01 (4) 0.16 + 0.004 (4) 
107" M adrenaline 0.60 +0.10 (14) 0.68 + 0.027 (10) 


0.42 + 0.02 (3) 0.60 
0.57 +0.05 (3) 0.14 +0.031 (3) 


5x107 M adrenaline 
107% M adrenaline 
+1075 M propanolol 
107° M adrenaline 0.43 0.66 
+1075 M phenoxybenzamine 
5x107 M adrenaline 
+1075 M phenoxybenzamine 
107° M propranolol 
107 M phenoxybenzamine 
107% M isoprenaline 
10°” M isoprenaline 
+10°° M propranolol 
1075 M phenylephrine 


0.23 +0.02 (3) 0.58 


0.35 +0.10 (3) 
0.18 +0.06 (3) 
0.24 +0.04 (3) 
0.34 +0.02 (3) 


0.16 + 0.004 (3) 
0.15 40.015 (3) 
0.72 + 0.036 (3) 
0.15 + 0.007 (3) 


0.62 + 0.01 (3) 0.31 40.018 (3) 


10% M phenylephrine 0.40 +0.02 (3) 0.17 +0.005 (3) 
1077. M phenylephrine 0.37 +0.09 (3) 0.16+0.017 (3) 
107% M phenylephrine 0.35 +0.03 (3) 0.16 + 0.016 (3) 


+1075 M phenoxybenzamine 
e a a, 


The values are means+s.e.m. with the number of hearts in paren- 
theses. 
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Fig. 1 Effect of ATP concentration on phosphofructokinase activity in 
extracts from control (@) and adrenaline-treated (©) hearts. Hearts of adult 
male hooded Wistar rats (200-250 g) that had been fed ad libitum on a 
standard diet were perfused in the Langendorff manner''. The perfusion 
medium contained 118 mM NaCl, 4.8 mM KCl, 1.2 mM MgSO,, 1.2 mM 
phosphate, 25 mM NaHCO,, 3.0 mM CaCl, and 0.5 mM Na EDTA and was 
equilibrated with O, + CO, (95 + 5) to give a pH and pO, of 7,4 and 450 mm 
Hg, respectively. After a 10-min non-recirculating perfusion (pressure 60 
mm Hg, temperature 37°C) the hearts were perfused insa recirculating 
manner with identical medium containing hormone or saline. After the 
appropriate time of perfusion (in this case 5 min) the hearts were freeze- 
clamped using tongs that had been precooled in liquid N}. The powdered 
hearts were kept at ~ 70°C. Cell-free extracts of frozen hearts were prepared 
by homogenizing 1 part by weight of powdered heart with 10 vol of 
homogenizing buffer (100 mM Tris-HCl, pH 7.4, which contained 2 mM 
dithiothreitol) using an Ultra-Turrax homogenizer (speed 20,000 r.p.m. for 
30 s). Consistent results for phosphofructokinase activity were obtained 
when frozen heart powder was added to preweighed tubes containing 
homogenizing buffer that had been frozen in liquid N, and the combined 
mixture homogenized during thawing at 5°C. Thawing of the powdered 
heart before homogenization resulted in abnormally high phos- 
phofructikinase activities, presumably due to the action of endogenous 
activators. The homogenate was centrifuged for 30 s at 8,000g and kept on 
ice. In these conditions the activity increased by ~ 10% per hour. ‘Control’ 
heart before homogenization resulted in abnormally high phospho- 
fructokinase activities, presumably due to the action of endogenous 
siological fructose 6-phosphate concentration using a newly developed 
radioisotopic procedure’. The assay has been previously shown to be specific 
for phosphofructokinase and to give values for maximal catalytic activity 
identical to those obtained using the conventional spectrophotometric assay 
of 16 nmol per min per mg protein (ref. 2). The assays were conducted in 
disposable plastic tubes (70 x 10 mm) at 30 °C and contained 10 uM glucose 
6-phosphate, 3.3 x 10* d.p.m. [5-*H]glucose 6-phosphate (prepared from 
[5-?H]glucose”), ATP as indicated, 10 mM MgCl, and 20 yl of cell-free 
supernatant (0.075-0.1 mg of protein) in a total volume of 0.2 ml of 
homogenizing buffer. Reactions were started by the addition of the extract 
and terminated by the addition of 0.5 ml of Dowex 1x8 (200-400 mesh ) 
borate resin (1: 1 in water), vortexed, then centrifuged for 3 min at 1,300g.A 
0.25-ml portion of the supernatant (containing only °H,O) was mixed with 
2 mi of a Triton X-based water-accepting scintillant and counted for radio- 
activity. The activity of phosphofructokinase is expressed in nmol of [5- 
3H]Jhexose 6-phosphate converted to 7H,O per min per mg of protein, and 
was calculated from the d.p.m. in *H,O and the specific radioactivity of 
hexose 6-phosphate, The specific radioactivity of hexose 6-phosphate was 
calculated from the d.p.m. added as [5-H ]glucose 6-phosphate and the sum 
of unlabelled glucose 6-phosphate and fructose 6-phosphate (added plus 
endogenous). Glucose 6-phosphate and fructose 6-phosphate were deter- 
mined on neutralized perchlorate extracts of heart'?. The total concentration 
of hexose 6-phosphate in the assays was 10.7 x 107° and 14 107° M for 
control and adrenaline-treated extracts, respectively. Glycogen phos- 
phorylase was measured using the filter disk assay of Gilboe ef al. as 
modified by Birnbaum and Fain’* and was determined on extracts that had 
been passed through columns (0.7 x 2.5 cm) of Sephadex G-25. Protein was 
determined using the procedure of Lowry et al,’ with bovine serum albumin 
as the standard. A total of four hearts (two control and two adrenaline- 
treated) were used. Mean values are shown. 
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tissue content of cyclic AMP. 10°°M isoprenaline had no 
significant effect on the activity ratio of phosphofructokinase 
over the 15-min perfusion period. However, within 30 s there 
were marked increases in both cyclic AMP concentration and 
the activity ratio of phosphorylase. Both remained close to the 
maximal value throughout the 15-min non-recirculating per- 
fusion. Phenylephrine (107° M), generally considered as pre- 
dominantly an @-agonist but with some £ activity in the rat*®, 
increased the activity ratio of phosphofructokinase from 0.2 at 
0 min to a maximal value of 0.65 at 1.5 min. The activation was 
similar to the time course previously reported for adrenaline’. 
Phenylephrine also produced an increase in the activity ratio of 
phosphorylase (100%). Naphazoline (107° M), an a-agonist’, 
increased the activity ratio of phosphofructokinase in a similar 
time-dependent manner to phenylephrine, reaching a maximum 
value of 0.55 at 1.5 min. Naphazoline had no effect on phos- 
phorylase or cyclic AMP concentration. 

The present findings suggest that short-term regulation of 
phosphofructokinase in rat heart by catecholamines is mediated 
by a-adrenergic receptors. This process may operate in anti- 
cipation of increased glucose released from the liver” when 
catecholamines are released into the blood in emergency situa- 
tions. The B-receptor component in the heart would lead to 
increased glycogenolysis, contractile rate and force. The a- 
receptor component would separately permit increased flux 
through glycolysis from either myocardial glycogen stores or 
extra-myocardial glucose. Such a mechanism for a-receptor- 
mediated, cyclic AMP-independent control of phos- 
phofructokinase would complement the observation by Keely et 
al. of an a-mediated glucose transport system in rat heart. 
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Fig. 2 Time course for the effects of a- and B -agonists on perfused rat 
heart. Hearts were perfused as described in Fig. 1. At the time indicated 
(arrow), medium containing 10°* M isoprenaline (@), 107° M naphazoline 
(A) or 1077 M phenylephrine (©) was introduced. Non recirculating per- 
fusion was continued until the hearts were freeze-clamped. The activity 
ratios of phosphofructokinase and glycogen phosphorylase were determined 
as described in Fig. 1 and the text. Solutions of agonists were freshly 
prepared in isotonic saline and mixed with warm (37 °C) oxygenated buffer 
immediately before introduction into the perfusion apparatus. Cyclic AMP 
was determined'* on neutralized perchlorate extracts of the frozen heart 
powders. Where indicated mean values + s.¢.m. have been calculated (bars) 
from at least three hearts. Other values are the mean of duplicate deter- 
minations from single hearts. 


Activation of phosphofructokinase in rat heart by a -agonists 
seems to involve mechanisms quite different from those 
controlling glucose output in rat liver. Exton and co-workers" 
have provided strong evidence that a-receptor stimulation. in 
liver leads to Ca?” release from intracellular stores. This in turn 
is believed to activate the Ca**-dependent phosphorylase kinase 
that phosphorylates and activates phosphorylase. The present 
study indicates that activation of phosphorylase and phos- 
phofructokinase are separate, suggesting a unique mechanism 
for phosphofructokinase activation. Furthermore, any increase 
in intracellular Ca** concentration should enhance contractility. 
In the present study, the a -agonist naphazoline, which activated 
phosphofructokinase, had no visable effect on either heart rate 
or force. 

The mechanism by which a-agonsits activate heart muscle 
phosphofructokinase is unknown. It seems unlikely that changes 
in activity can be related to changes in the concentration of 
intracellular effectors’ even though a new activator of the liver 
enzyme has recently been described”. Covalent modification 
including phosphorylation’ requires serious consideration as the 
change in activity is stable to gel filtration’ or dialysis (unpub- 
lished observations), providing buffers contain EDTA and 
sulphydryl reagents. 
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Available evidence suggests the existence of multiple categories 
of dopamine receptor’. According to the classification scheme 
used here“, dopamine receptors can be divided into two general 
categories, D-1 and D-2. The dopamine receptors in the bovine 
parathyroid gland“ and carp retina™™ exemplify the former 
category, and the dopamine receptors on the mammotrophs'*” 
and melanotrophs’”"“ of the pituitary gland exemplify the latter. 
Stimulation of a D-1 receptor enhances the formation of cyclic 
AMP, whereas stimulation of a D-2 receptor does not*". The 
availability of dopaminergic agonists which specifically activate 
either a D-1 or a D-2 receptor would facilitate pharmacological 
investigation of the physiological responses to dopamine; 
however, to date, an agonist specific for the D-2 receptor has not 
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been available. Dopamine and other catecholamines stimulate 
both types of receptor*"*; ergolines (such as lergotrile and 
lisuride) stimulate the D-2 receptor'*""* but antagonize the D-1 
receptor®'*'*; some agonists acting on the D-2 receptor (such 
as apomorphine) both stimulate and block the D-1 receptor®’. 
Although one report claims that S-584 may selectively stimulate 
the dopamine receptor on mammotrophs’’, according to an- 
other, S-584 stimulates the striatal dopamine-sensitive adenyl- 
ate cyclase”’, Several recently synthesized compounds contain- 
ing various portions of the ergoline ring system stimulate the 
D-2 receptor on mammotrophs”’. We report here that one of 
these ergoline analogues, LY-141865 or ‘38, R = pro’”’, stimu- 
lates the D-2 receptor in the intermediate lobe (IL) of the rat 
pituitary gland but does not interact with the D-1 receptor in 
carp retina. 

The melanotrophs of the IL synthesize and secrete a- 
melanocyte-stimulating hormone (@-MSH). Stimulation of the 
dopamine receptor in the rat IL inhibits basal release of a- 
MSH'*""*, LY-141865 mimics the ability of dopamine and 
dopaminergic agonists to diminish the basal release of a-MSH 
from the IL. Thus, during a 3-h incubation of dispersed cells 
derived from the neurointermediate lobe, LY-141865 
decreased, in a dose-dependent manner, the basal release of 
a-MSH (Fig. 1a). Half-maximal inhibition was achieved with 
~30 nM LY-141865, maximal inhibition with a concentration 
>=] uM. 

The melanotrophs of the rat IL also possess a B-adreno- 
receptor, stimulation of which enhances adenylate cyclase 
activity’®. Stimulation of the dopamine receptor diminishes 
basal adenylate cyclase activity and inhibits in a non-competitive 
manner the (~—)isoprenaline-stimulated adenylate cyclase 
activity'*'**. Like other dopaminergic agonists, LY-141865 
diminished the basal adenylate cyclase activity (Fig. 2, inset A) 
and the (—) isoprenaline-stimulated enzyme activity (Fig. 2 left, 
and inset B). Half-maximal inhibition of either basal or (—)iso- 
prenaline-stimulated adenylate cyclase activity was achieved 
with ~30 uM LY-141865; maximal inhibition was achieved at 
concentrations 2100 pM (Fig. 2 left, and inset B). Like other 
dopaminergic agonists, LY-141865 decreased the maximal 
response to (—)isoprenaline but did not affect the molar potency 
of (~)isoprenaline. Fluphenazine or (—)sulpiride (dopaminergic 
antagonists) prevented the inhibitory effects of LY-141865 (Fig. 
2 left and insets A and B). Stimulation of the 8-adrenoreceptor 
enhances the release of a-MSH; like other dopaminergic 
agonists, LY-141865 diminished the ability of B-adrenergic 
agonists to enhance a-MSH release (Fig. 15). 

To examine the actions of LY-141865 on rat IL adenylate 
cyclase in the absence of B-adrenergic agonists, the drug was 
tested on rat IL tissue previously treated with cholera toxin. 
Adenylate cyclase activity was substantially greater in homo- 
genates of cholera toxin-treated tissue than in homogenates of 
either fresh or control tissue (Table 1). The dopamine receptor 
remained functional after treatment of IL tissue with cholera 
toxin. Both dopamine and apomorphine (a dopaminergic 
agonist) markedly diminished enzyme activity in homogenates 
of cholera toxin-treated tissue (Table 2); (—)sulpiride or 
fluphenazine (dopaminergic antagonists) prevented the inhibi- 
tory effect of both dopaminergic agonists. Like dopamine and 
apomorphine, LY-141865 decreased adenylate cyclase activity 
in homogenates of cholera toxin-treated tissue (Fig. 2, right); 
half-maximal inhibition was achieved with 30 uM LY-141865 
(Fig. 2, insert C). The inhibitory effect of LY-141865 was 
attenuated in a dose-dependent manner by spiroperidol or 
(—)sulpiride; (—)sulpiride was 100-fold more potent than the 
(+)sulpiride (Fig. 2, right). 

To determine whether LY-141865 is a specific D-2 agonist, 
the compound was tested on the dopamine-sensitive adenylate 
cyclase of carp retina, a tissue displaying an unusually large 
(four- to fivefold) dopamine-induced stimulation of adenylate 
cyclase activity”’°. In this test system, LY-141865 displayed no 
activity, either as a dopaminergic agonist or as a dopaminergic 
antagonist (Table 3), lergotrile failed to stimulate adenylate 
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Fig. 1 LY-141865 inhibits release of a- MSH from dispersed neurointer- 
mediate lobe cells. a, Incubations were performed for 180 min in the 
presence of the indicated concentrations of LY-141865 («ans-(+)- 
4,4a,5,6,7,8,8a,9-octahydro-5-propyl-2H-pyrazolo-(3,4-g)quinoline). b, 
Incubations were performed for 20 min in the absence (@) and the presence 
(©) of 0.1 4sM(—)isoprenaline and the indicated concentrations of LY- 
141865. Previously described procedures'* were used for the preparation of 
dispersed neurointermediate lobe cells, the experimental incubations and 
the assay of a-MSH. 


cyclase activity but diminished the stimulatory effect of 
dopamine. 

These results indicate that LY-141865 discriminates between 
the D-1 and D-2 receptors, Clearly LY-141865 does not inter- 
act with the D-1 receptor: it did not stimulate the D-1 receptor 
in the carp retina, and unlike lergotrile, LY-141865 did not 
block this receptor”. It is also clear that LY-141865 stimulates 
a a a a 

Table 1 Cholera toxin increases adenylate cyclase activity in rat IL 





Adenylate cyclase activity 
(pmol cyclic AMP per mg 


Tissue protein per min) 
Fresh 4342 
2 h control 47+21 
2h+30nM cholera toxin 361+29 


<meta ea 

IL tissue was dissected and adenylate cyclase activity assayed as 
described in Fig. 2 legend. Tissue was homogenized and adenylate 
cyclase activity assayed either immediately after dissection (fresh) or 
after incubation for 2 h at 37 °C in 5 ml of RPMI 1640 medium (equili- 
brated with a mixture of 95% O, and 5% CO;) containing 25 mM 
HEPES, 100 U mi“! penicillin, 100 pg m7! streptomycin, and cholera 
toxin as indicated. Data represent mean +s.e.m. for five replicate 
homogenates. 





Table 2 Dopaminergic inhibition of adenylate cyclase activity in 
` cholera toxin-treated rat IL 





Adenylate cyclase activity 
(pmol cyclic AMP per mg protein per min) 





Antagonist 
Fiuphenazine (—)Sulpiride 
Agonist None (10 uM) (100 uM) 
None 433+ 14 465410 42044 
Dopamine (100 uM) 10643 45347 47549 
Apomorphine (10 uM) 15023 49047 $004 11 





IL tissue was dissected and incubated for 2 h inthe presence of 30 nM 
cholera toxin as described in Table 1 legend. At the end of the incuba- 
tion, the tissue was homogenized and adenylate cyclase activity assayed 
in the presence of the indicated concentrations of test substances, as 
described in Fig. 2 legend. Data represent mean +s.e.m. for four 
replicate samples in a single experiment. 
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Fig. 2 Left: LY-141865 decreases 
basal and (~)isoprenaline-stimulated 
adenylate cyclase activity in rat IL. 
Adenylate cyclase activity was assayed 
in the presence of the indicated concen- 300 
trations of (~)isoprenaline alone (©) or 
in combination with 30 pM LY-141865 3 

(A), 100 uM LY-141865 (3), 10 uM P200 
fluphenazine (@), 10 pM fluphenazine Q 

and 30 pM LY-141865 (A) or 10 uM |a 

fluphenazine and 100M LY- 
141865 (8). Inset A: Data for basal 
adenylate cyclase activity are replotted 
with a larger scale for the ordinate, 
Adenylate cyclase activity was assayed 
in the presence of the indicated concen- 
trations of LY-141865 alone (©) or in 
combination with 10 pM fluphenazine 
(@). Inset B: In a separate experiment, 
adenylate cyclase activity was assayed in 
the presence of the indicated concen- 
trations of LY-141865 alone (©) or in 
combination with 10 uM fluphenazine 
(Ch), 100M (sulpiride (©), 3 pM 
(~jisoprenaline (@), 34M (~)iso- 
prenaline and 10 uM fluphenazine (W) 
or 3 pM (~)isoprenaline and 100 uM 
(~)sulpiride (#). Right: Dopaminergic 
antagonists reverse the inhibition by 
LY-141865 of adenylate cyclase 
activity in cholera toxin-treated IL 
tissue, IL tissue was treated with cholera 
toxin (30 nM, 2 h) as described in Table 
1 and adenylate cyclase activity was 
determined in the absence of drugs (©) 
or in the presence of the indicated 
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concentrations of spiroperidol (CJ), (~)sulpiride (A), (+)sulpiride (©), 100 uM LY-141865 (@) or 100 uM LY-141865 in combination with the indicated 
concentrations of spiroperidol (W), (~)sulpiride (A) and (+)sulpiride (#). Inset C: In a separate experiment, IL tissue was treated with cholera toxin (30.nM, 2 h) and 
adenylate cyclase activity determined in the presence of the indicated concentrations of LY-141865 alone (O) or in combination with 100 pM (~)sulpiride (2). 
Adenylate cyclase activity was determined using a previously described assay system?" containing: 80 mM, Tris-HCI (pH 7.4), 1 mM MgSO,; 0.8 mM EGTA; 
10 mM theophylline; 0.25 mM ATP; 0.01 mM GTP; intermediate lobe tissue, 2.5-3.5 ug of protein; and drugs as indicated in Tables 1 and 2 and Figs 1 and 2. The 
assay system was incubated for 10 min at 30 °C, and the reaction stopped by boiling for 2 min. Cyclic AMP concentration was determined by the method of Brown et 


al, protein content by the method of Lowry et al.. 


the D-2 dopamine receptor in the rat IL because (1) LY-141865 
mimics the ability of dopamine and dopaminergic agonists to 
decrease basal or (~—)isoprenaline-stimulated release of a-MSH, 
(2) LY-141865 mimics the inhibitory actions of dopamine and 
dopaminergic agonists on adenylate cyclase activity in homo- 
genates of fresh or cholera toxin-treated tissue; and (3) the 
inhibitory effects of LY-141865 on adenylate cyclase activity 
are reversed by dopamine antagonists, including the selective 
D-2 antagonist, (—)sulpiride*. LY-141865 is substantially more 
potent on intact cells of the rat IL than in the cell-free adenylate 
cyclase assay system (compare potency in Figs 1 and 2); the 
reasons for this discrepancy are unknown. The previous 
demonstration” that LY-141865 lowers the level of serum 
prolactin in reserpine-treated male rats is in accord with the 
conclusion that LY-141865 is an agonist on the D-2 receptor. 
The availability of drugs selectively stimulating either the D-1 
receptor (such as SKF 38393A)”* or the D-2 receptor (such as 
LY-141865) may facilitate pharmacological analysis of the 
physiological responses to dopamine. Furthermore, because 





Table 3 LY-141865 fails to stimulate adenylate cyclase of fish retina 





Adenylate cyclase activity 
(pmol cyclic AMP per mg protein per min) 


Test compound 





Dopamine 
concentration LY-141865 Lergotrile 
(uM) None (100 uM) (100 uM) 
0 11.14£0.7 9.440.8 6.2411 
10 35.541.7 36.342.4 12.540.7 





Retinal tissue was obtained from goldfish purchased at a local pet 
store. Adenylate cyclase activity was assayed as described in Fig. 2 
legend. Data represent mean +s.e.m. for four replicate samples 
obtained in a single experiment. 





LY-141865 penetrates the blood-brain barrier after its systemic 
administration”’, it may be of use in the treatment of parkin- 
sonism (as are the dopaminergic ergots”®). 


Note added in proof: Euvard et al. (Neuropharmacology 19, 
376-386; 1980) describe two other compounds which seem to 
act as selective agonists on the D-2 receptor. 
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The anthracycline antibiotic daunorubicin is, in vitro, one of the 
most potent trypanocidal agents reported’; it permanently 
abolishes the infectivity of African trypanosomes at less than 
nanomolar concentrations. In contrast, other anthracyclines 
such as doxorubicin and nogatamycin must be present in milli- 
molar concentrations to achieve the same effect (Table 1). 
Despite its uniquely high activity in vitro, daunorubicin is totally 
inactive against trypanosomes in infected rodents'. An investi- 
gation of this lack of in vivo activity suggested that uptake into 
trypanosomes is only transient’. We therefore tried to prolong 
exposure of trypanosomes to the drug by coupling it to a carrier 
macromolecule. The use of such a carrier should delay removal 
of the drug from the blood and simultaneously exploit the 
endocytotic properties of trypanosomes. Ferritin and albumin 
were chosen as potential carriers as these proteins are endocy- 
tosed by trypanosomes**, We report here that when the drug 
was attached by a stable linkage, activity was not maintained, 
but when attached by a labile covalent linkage the preparation 
was active both in vitro and in vivo, indicating the desirability of 
testing other macromolecules, such as dextran*, as carriers for 
trypanocidal drugs. í 

As none of the daunorubicin analogues tested (see Table 1. 
and Fig. 1) reproduce the high in vitro trypanocidal activity of 
daunorubicin, the loss of activity of this drug in vivo must be 
overcome. We first tested a DNA -daunorubicin complex‘ but it 
was inactive. As this product acts as a slow-release form of drug’ 
rather than a true carrier, covalent attachment of drug to 
possible carriers was then investigated. Bovine serum albumin 
(BSA) and ferritin were chosen as carriers because of the 
likelihood of their endocytosis by trypanosomes**. The first 
albumin conjugate was prepared by oxidative cleavage of the 
amino sugar of the drug to yield an aldehyde which was reacted 
with the protein to give a Schiff’s base—this was then reduced 
with borohydride®. The product was almost inactive (Table 1), 
possibly due to destruction of the amino sugar unit or to the 
stability of the linkage. Therefore a second conjugate? was 
prepared using glutaraldehyde to form Schiff’s bases simul- 
taneously with the amino group of daunorubicin and a free 
amino group of the protein. This product retained activity in 
vitro (Table 1) and was significantly active in vivo (Table 2). As 
Schiff’s bases are susceptible to hydrolysis, the rate of drug 
release from the conjugate in aqueous solution (pH 7.4) at 37 °C 
was monitored (by size-exclusion HPLC); release seemed to be 
a first-order process with a half life of ~100 h. 

The retention of activity only when the carrier-binding 
linkage is labile suggests that the drug must be released before it 
can exert its effects. Because of the success of albumin as a 
carrier, we also prepared ferritin conjugates in which daunoru- 
bicin was linked by the glutaraldehyde method®. These were also 
found to have high activity in vitro and in vivo (Tables 1 and 2). 
These glutaraldehyde-coupled daunorubicin—albumin and 
daunorubicin-ferritin complexes were the first daunorubicin 
preparations to clear trypanosomes from the blood of infected 
mice for an extended period. For 20-30 h after treatment, the 
proportion of abnormal trypanosomes rose to almost 100% , the 
highest proportions coinciding with a sharp fall in parasitaemia. 





*Present address: Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical 
Sciences, Sunderland Polytechnic, Chester Road, Sunderland SRI 38D, UK. 
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Table. 1 In vitro activity of daunorubicin and related compounds 
against Trypanosoma rhodesiense 





Loss of Loss of infectivity 
motility Temporary Permanent 


a Daunorubicin and its 


analogues 
(1) Daunorubicin 4 11 10 
hydrochloride 
(2) Doxorubicin hydro- 8 >10 4 
chloride 
(3) 4-Demethoxydaunorubicin 5 5 <3 
hydrochloride 
(4) 4'-Deoxydaunorubicin 5 6 3 
hydrochloride 
(5) Marcellomycin 10 10 4 
(6) N-Trimethyldaunorubicin <3 3 <3 
chloride 
(7) Doxorubicin-14-stearate 3 <3 3 
hydrochloride 
(8) AD32 3 5 <3 
(9) Dibenzyldaunorubicin <3 <3 <3 
(10) Dihydrochloride 4 7 : 3 
(11) Hydrochloride 8 >9 3 
(12) Dihydrochloride 7 7 3 
(13) Dihydrochloride 7 10 4 
b Daunorubicin-protein 
complexes 
Daunorubicin-BSA (P) 
(22 pg drug per mg) 4 4 <4 
Daunorubicin-BSA (G) 
(18 ug drug per mg) <4 >10 >10 
Daunorubicin-ferritin (G) 
(55 pg drug per mg) 4 10 6 
Daunorubicin-ferritin (C) 
(38 ug drug per mg) <3 >9 4 
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In these experiments we used the monomorphic Liverpool strain of 
T. rhodesiense'’. For loss of motility and infectivity, the values given 
are maximum titres (logio M~') producing the effect; drugs with titres 
<3 are considered inactive. The assay method is given elsewhere’. 
P denotes that the periodate oxidation coupling method® was used, G 
that the glutaraldehyde coupling method® was used, and C that the 
daunorubicin is sequestered in the iron core. Compound sources: 1-4, 
Dr F. Arcamone; 5, Dr W. T. Bradner; 6, Dr E. M. Acton; 7, was 
prepared by an adaptation of the method described for doxorubicin-14- 
octanoate’*; 8, Dr M. Israel; 9, The Drug Synthesis and Chemistry 
Branch, Division of Cancer Treatment, NCI; 10, Dr K. C. Murdock. 





Table 2 Activity of daunorubicin-carrier complexes in mice infected 
with T. rhodesiense 





Dose of 
drug or drug Proportion of 
component mice cleared 
Compound (mg per kg) of infection 

Daunorubicin 30 0/4* 
Daunorubicin-DNA 30 0/5* 

30 7/11* 

15 11/13* 
Daunorubicin-BSA (G) 7.5 10/11 
3.8 0/11 
1.9 0/11 
Daunorubicin-ferritin (G) 30 8/10 
Daunorubicin-ferritin (G) 15 11/13 
Daunorubicin-ferritin (C) 15 0/13 





Mice with a patent parasitaemia were given a single intraperitoneal 
dose of the compound being tested 24—48 h after infection. Control mice 
were uniformly dead 4-5 days after infection. Generally, the amounts of 
the conjugates available were small and consequently the numbers of 
mice used in the tests were limited. G denotes conjugation by the 
glutaraldehyde method; C denotes non-covalent binding of drug in the 
ferritin iron core. 

* Some deaths due to drug toxicity at this dose. 
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Rt RŽ g? g’ 
(1) Daunorubicin OCH, H 0H BR, 
(2) Doxorubicin OCHs OH oH Eha 
(3) 4-Demet hoxydaunorubicin E H OH Big 
(4) 4'~Deoxydaunorubicin OSH H E Wua 
+ ` pi 
(6) N-Trimethyldaunorubicin chloride OCHa H OR N(CHg sl 
(7) Doxorubicin~-l4~stearate OCH, COCH) CH, OH Hha 
(8)AD 32 OCH,  OCO(CH,),0Hy ON  HECOCF, 
b OH O COOCH, g BE 
9) Dibenzyldaunorubicin OCR R OH WECHsC6Ps) a 
CH,CH, (9) ¥ 3 
C686. 
c 1 3 
OH O OH 6 R 0 R 
CH 
N(CH), 
QO 
2 a 
R (6 R 
CH 9 
Marcellomycin (5) 
OH 
o (10) R? = R? = NE(CHa) 2NHCHACH,OH R? = RY s OH 
(11) RÍ = NHCH(CHa) (CHa) N(CHaCHa) a naw Row RY lH 
cn i a Ki 
(12) R? = R? = NHCH(CHs) (CHa) sN(CHaCH, )a R° = RY œ H 
H 
OH (13) R? = RO = NHCH(CHs) (CHa)a N(CHaCH:)a RY = R° =H 


Fluorescence microscopy showed that the parasites took up the 
complexed drug progressively for up to 12 h after treatment and 9. 
retained it thereafter, unlike the transient uptake peaking at 
1.5-2 h of the free drug. This altered pattern of uptake suggests 


Fig. 1 Structures of the compounds tested for trypanocidal activity. 
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that drug is taken up as the drug-protein complex; the pre- 


paration thus seems to act as a true endocytotic carrier. 
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Ferritin contains an iron (Fe**) core surrounded by 24 
subunits of apoferritin and can be reconstituted from apoferritin 


+ 


in the presence of Fe’ 


+ 


or Fe? 
daunorubicin forms a chelate with iron, preparation of a 
daunorubicin-ferritin complex by sequestration of the drug in 


Interactions of daunomycin and 
melanotropin—daunomycin with DNA 


and oxidizing agents’. As 


the iron core of ferritin was attempted by reconstitution of 


ferritin from apoferritin and Fe** with a weak oxidizing agent, in 
the presence of daunorubicin. A high uptake of drug was 
achieved and despite the non-covalent nature of the complex, 
the drug was not released on gel chromatography of the complex 
in 1M NaClor in 2% SDS in 8M urea; the product was however 
less active than the covalently bound preparation and showed no 


in vivo activity (Tables 1 and 2). 


The need for new drugs active against African trypanosomi- 
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ases, both human and animal, is widely recognized’, Our results 
clearly demonstrate that daunorubicin has considerable poten- 


tial as a trypanocide as: (1) it shows unparalleled trypanocidal 
activity in vitro; (2) it can be conjugated to macromolecular 
carriers to give soluble complexes which retain activity in vivo; 
(3) it is structurally distinct from existing trypanocides and so 
should lack cross-resistance with these drugs; and (4) it has 
considerable capacity for structural variation. 

We thank Dr Diane J. McLaren for providing electron 
micrographs, Miss Jane C. Marsh for technical assistance and 
the Wellcome Trust for support (to M.A.H.). We also thank the 
suppliers of the daunorubicin analogues listed in Table 1. 
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The specific recognition of fluorescein-melanotropin and 
melanotropin-ferritin—fluorescein conjugates by melanotropin 
(MSH) receptors on the surface of murine melanoma cells 
suggested the possibility of specific site-directed chemotherapy 
of melanomas”. An MSH-daunomycin conjugate. has been 
shown to be more toxic to mouse melanoma cells than. free 
daunomycin, and, at the same concentration, it was not toxic to 
mouse 3T3 fibroblast cells. Unconjagated daunomycin was 
equally toxic to both cell lines*. We report here investigation of 
the interactions of purified DNA with ‘ree daunomycin and with 
MSH-daunomycin conjugate using spectrophotometry-and also 
an agarose gel assay that detects the unwinding of DNA dee to > 


10° M™ and an unwinding angle of 10+1.5° for daunomycin, 
but no detectable binding and an association constant of <4.8 x 
10° M` for MSH—daunomycin conjugate. We conclude that the 
cytotoxicity of MSH-daunomycin is aot due to its binding to 
DNA. 





0028-0836/81/310467—03$01 00 


© 1981 Macmillan Journals Lid 


ligand binding. We found an association constant of 48x 


468 


Nature Vol, 292 30 July 1981 





The cytotoxicity of daunomycin is thought to be due to its 
strong interaction with cellular DNA**, thereby interfering with 
both RNA and DNA synthesis’*. The experiments described 
here were designed to determine whether the interaction of 
daunomycin with DNA is affected by the covalent coupling of 
daunomycin to MSH. The change in the absorption spectrum of 
daunomycin as increasing amounts of supercoiled Col EI DNA 
are added is shown in Fig. 1A. With increasing concentration of 
DNA, the absorption maximum shifts gradually from 480 nm to 
505 nm and the absorption of daunomycin decreases towards a 
limit that represents the spectrum of daunomycin in the fully 
complexed form. There appears to be an isosbestic point at 
~545 nm. Assuming independent binding sites, Scatchard 
analysis” will result in the following expression: 


r 
p7 Karr X (Bare ~r) 


Following the nomenclature of Bresloff and Crothėrs’®, r is the 
ratio of the concentration of bound ligand to the total concen- 
tration of DNA base pairs, Kapp is the apparent association 
constant for the interaction of DNA and ligand, Bapp is the 
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number of apparent binding sites for ligand per base pair and P 
the concentration of free ligand. 

A Scatchard plot calculated from the spectrophotometric 
results on daunomycin binding is shown in Fig. 1B. The plot 
reveals a Kapp of 4.8X10°M™! and a Bapp of 0.24 for the 
binding of daunomycin to DNA. These values are in reasonable 
agreement with published values of 6.6 x 10° M™' and 0.36 for 
daunomycin binding to calf thymus DNA in 0.1 M Tris-HCl (pH 
7.0%. 

` In contrast, Fig. 1C shows that minimal spectral change (only 
a very slight initial depression in the absorption profile) occurred 
when Col El DNA was added to the MSH-daunomycin con- 
jugate. Thus no binding was detected by this method. 

An additional test for DNA binding is the unwinding assay in 
which supercoiled DNA is relaxed with nicking~closing enzyme 
in the presence of compounds that bind DNA. The result is a 
complex between drug and covalently closed DNA with the 
DNA in a relaxed conformation. On removal of the drug the 
DNA becomes superhelical, and the number of superhelical 
turns can be determined by agarose gel electrophoresis’. 

Figure 2A illustrates a comparison of DNA-unwinding assays 
with daunomycin (lanes a-f) and MSH-daunomycin conjugate 
(lanes g-/) at comparable drug/DNA ratios. Daunomycin 
clearly has a large effect on the superhelical density of DNA, 
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Fig. 1 A, effect of supercoiled colicin El (Col El) plasmid DNA, 
isolated from Æ. coli JC 411 thy (Col El), on the absorption 
spectrum of daunomycin. The incubation mixture contained 2.89 x 
10°M daunomycin in 0.04 M Tris-HCI, pH 8.0, 5 mM NaOAc, 
0.5 mM EDTA, 0.2 M NaCl. Absorbance was measured using a 
1-cm path length quartz cuvette in a Cary 118 spectrophotometer, 
at the following DNA concentrations (M): curve a, zero; b, 2.57 x 
1075; c, 1.03x107*; d, 2.14107", These concentrations are in 
moles of DNA base pairs per litre. B, Scatchard plot of the data in 
A, plotted according to the method of Muller and Crothers'®. We 
determined the ratio of free to bound daunomycin at intermediate 
points by assuming the absorption spectrum is a linear combination 
of the free and fully complexed daunomycin spectra. The absor- 
bance at 470 nm was used for this calculation as at this wavelength 
the difference between free and bound daunomycin is greatest. For 
example, we assumed that the ratio of free to bound daunomycin is 
2:1 when the absorption at 470 nm is one-third of the way from 
the absorption of free daunomycin to the absorption of fully 
complexed daunomycin. Knowing the total concentration of 
daunomycin, it is then simple to calculate the concentrations of free 
and bound daunomycin. The absorption data were corrected for 
the dilution due to addition of DNA solution. C, effect of super- 
coiled Col El DNA on the absorption spectrum of MSH- 
daunomycin conjugate. The incubation mixture contained 2.11 x 
1077 M conjugate in the buffer described in A. The absorbance was 
measured at the following DNA concentrations (M); curve a, 0; b, 
1.03 x 107°; c, 2.57 107°; d, 3.48 x 10°*, The slight depression in 
the absorbance spectrum is due to dilution of the conjugate on 
addition of the DNA. The conjugate was prepared as described by 
Varga et al.*. 
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Fig. 2 A, agarose slab gel of Col El DNA (4.3 x 10°75 M) relaxed with nicking-closing enzyme in the presence of increasing amounts of 
daunomycin (lanes a~f) or MSH-daunomycin conjugate (lanes g-/). Lanes: a, no daunomycin present; b, 2.05 x LO" Me, 4,10 xio” Md, 
6.14% 10°° M; e, 8.19x 10°°M; f, 1.02x 1077M; g, no conjugate present; h, 1.49 107° M; i 3.00x 107° M; j, 4.49. 10°" M; k, 3598x 


ugate. Lanes; a, no conjugate present, b, 
7.50% 107° M: c, 2.25% 10° M; d, 3.75 x 107° M; e, 5.25 107° M; f, 6.75 107° M; g, 8.25x 107° M; h, 9.75xX 10°" M; í 112x10 IMG 


the conjugate. 


whereas the conjugate has no detectable effect. Using the 
binding constant 4.8 x 10° M™ and assays such as are shown in 
Fig. 2A, we have determined an unwinding angle of 10 + 1.5° for 
each bound daunomycin molecule following the method pre- 
viously described’*. This again agrees with the value of 12+ 3.3° 
(corrected to an ethidium unwinding angle of 28°) published 
previously by Waring”. 

As shown in Fig. 2B, increasing the concentration of MSH- 
daunomycin conjugate in an attempt to detect low-level binding 
to DNA does not result in the production of a population of 
DNA molecules of intermediate superhelical density as in lanes 
b and ¢ of Fig. 2A. It results instead in inhibition of nicking- 
closing activity (lanes c-l, Fig. 2B). The highest concentration of 
MSH-daunomycin conjugate that produced fully relaxed Col El 
DNA corresponded to one conjugate molecule per base pair 
(~6,400 conjugate molecules per Col EI DNA molecule). The 
inhibition of nicking-closing enzyme by MSH~-daunomycin 
conjugate seems to be due to an interaction between the nick- 
ing-closing enzyme and the conjugate because increased 
concentrations of enzyme require increased concentrations of 
conjugate for inhibition. This inhibition seems to be mainly due 
to MSH and occurs at rather high concentrations of conjugate 
(50 uM) (data to be published elsewhere). 

We could not detect any binding of MSH-daunomycin con- 
jugate to DNA which results in a shift of the absorption spec- 
trum of daunomycin nor any which distorts the DNA. helix 
enough to be detected in a DNA-unwinding assay. We conclude 
from the DNA-unwinding assay that the association constant for 
binding of the conjugate to DNA is <4.8 x 10° M"'. This lack of 
binding is consistent with the observation of Zunino ef alô, who 
showed that the N-acetylation of the sugar ring of daunomycin 
reduces the affinity for DNA by more than two orders of 
magnitude. The addition of the large MSH molecule to the split 
sugar ring (which also results in the removal of the primary 
amino group) might be expected to decrease the affinity of 
daunomycin to DNA even more. 

The killing of mouse melanoma cells by melanotropin— 
daunomycin conjugate must therefore be explained by a 
mechanism other than direct binding of the conjugate to DNA. 
It has recently been shown that adriamycin, a structural ana- 
logue of daunomycin, perturbs the cell membrane by lowering 
the temperature of gel-to-liquid transition’. Thus the site of 


action of melanotropin~daunomycin might be the cell 
membrane. However, the effects of transglutaminase inhibitors 
on the toxicity of the conjugate strongly suggest an effect on 
internalization. It has been demonstrated that inhibitors of 
transglutaminase inhibit receptor-mediated endocytosis of 
polypeptide hormones’. If endocytesis of melanotropin~ 
daunomycin is essential for toxicity, we could expect that 
inhibitors of transglutaminase would prevent the toxic effects.of 
the conjugate. We have, indeed, found that ammonium acetate 
(1mM), methylamine (0.1 mM) and chloroquine (107° M) all 
reduce the toxic effects of MSH~daunomycin by about 50%”. 
As direct binding of the conjugate to DNA does not explain its 
toxic effect, we must therefore consider two alternative 
explanations—that the free and conjugated toxins kill the cells 
by different mechanisms, or that the internalized MSH- 
daunomycin is metabolized to a form that can bind to DNA and 
thereby interfere with transcription and replication. We think 
the second mechanism more likely. 
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The hypothesis of an entercpancreatic circulation’, that 
digestive enzymes are absorbed intact across the intestinal 
epithelium, are circulated through the bloodstream and rese- 
creted by the exocrine pancreas, has generated considerable 
discussion** and has been accepted by a number of medical 
scientists’. However, the data presented in support of this 
hypothesis do not demonstrate with certainty that labelled 
proteins introduced into the bathing medium’, intestinal 
tract’? or bloodstream’ appear unmodified in pancreatic juice. 
We have now critically examined that part of the hypothesis 
n which proposes that pancreatic secretory proteins are taken up 
from the bloodstream and secreted intact into the pancreatic 
juice. Injection of **S-methionine-labelled rat pancreatic 
amylase into the blood circulation of unanaesthetized rats 
resulted in the appearance of radioactivity in all exocrine 
men an proteins and showed a distribution which was indis- 
r from that following the intravenous administration 
*S-methionine. These findings are not consistent with the 
a transport of amylase from the blood circulation to the 
pancreatic ductal lumen, but are consistent with metabolic 
degradation of the polypeptide probe and reutilization of the 
free **S-methionine for the synthesis and secretion of the entire 
complement of pancreatic exocrine proteins. In contrast, analy- 
sis of bile by similar methods indicated the presence of a 
haematobiliary pathway, which accounted for the excretion of 
0.8% of exocrine pancreatic proteins injected into the blood 
circulation. 
35§.methionine-labelled rat pancreatic amylase was injected 
into the blood circulation of nonanaesthetized rats and the 
appearance of radioactivity in pure pancreatic juice was 
followed with time and further analysed by two-dimensional 
isoelectric focusing/SDS-gel electrophoresis followed by 
fluorography. Rats (250-300 g) were prepared for study as 
follows. The pancreatic duct was cannulated with a 0.6-mm PVC 
catheter, fixed with a surgical ligature and routed sub- 
cutaneously to the nape of the neck. Bile flow into the intestinal 
tract was re-established during the surgical procedure using a 
short cannula of the same size. After the operation rats were 
maintained in restraining cages, which allowed exercise and free 
access to food and water. Rats were studied 6-18 h after the 
operation when pancreatic secretion rates were stable, usually 
between 450 and 500 ul h™'. As the control, *°S-methionine was 
injected into the tail vein of nonanaesthetized rats. 
Trichloroacetic acid (TCA)-insoluble radioactivity first 
appeared in pancreatic juice 1.5 h after the injection of **S- 
labelled amylase (Fig. 1). Radioactivity increased slowly 
thereafter and peaked at 6h. In contrast, after the injection of 
35§.methionine, TCA-insoluble radioactivity appeared in 
pancreatic juice within 30 min and peaked at 2h. In both 
conditions, we observed no difference between TCA-insoluble 
and total radioactivity, indicating that free methionine was not 
released into the ductal fluid. These findings clearly differ from 
those of previous investigators who claimed’ that pancreatic 
proteins were transported from the interstitial space of the 
exocrine pancreas to the duct lumen within 15 min. 
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Fig. 1 Appearance of radioactivity in pancreatic juice as a 
function of time after intravenous administration of 35g. 
methionine-labelled rat pancreatic amylase (2% 10°¢.p.m.) 
compared with *°S-methionine (1.5 10” c. p.m.). TCA-insoluble 
radioactivity is shown on the ordinate for 100-yl samples collected 
after the injection of amylase (MM) or for 10-u1 samples after the 
injection of **S-methionine (@). Radiolabelled amylase was pre- 
pared as follows. Exocrine pancreatic Proteins contained in rat 
pancreatic lobules were labelled with “"S-methionine for 3h as 
previously described for the dog pancreas’*, A crude zymogen 
granule fraction was isolated by differential sedimentation and 
proteins contained within it were liberated by treatment with 0.2 M 
NaHCOs, pH 8.5, °°S-methionine-labelled amylase was pre- 
cipitated with shellfish glycogen by the procedure of Schramm and 
Loyter’?, The glycogen amylase precipitate was washed twice as 
described previously’! and solubilized in normal saline. 


Radioactive protein(s) injected into the blood circulation and 
those appearing in pure pancreatic juice were separated by 
two-dimensional isoelectric focusing/SDS- -gel electrophoresis 
using the procedure of Bieger and Scheele* and analysed by 
Coomassie blue staining and fluorography. Figure 2a shows the 
Coomassie blue-staining pattern of proteins found in rat 
pancreatic juice. Most of these proteins have been identified 
according to actual or potential enzyme activity (J. Schick, H. 
Kern and G. Scheele, unpublished observations) by methods 
previously described for the guinea pig pancreas''. Figure 2b 
shows the distribution of radioactive proteins injected into the 
blood circulation and confirms that the injected material 
contained exclusively **S-methionine-labelled rat pancreatic 
amylase. Figure 2c shows that radioactivity is distributed among 
all exocrine proteins in pancreatic juice at the 6-h time point 
(maximal radioactivity). After injection of **S-methionine, 
pancreatic juice showed a similar distribution of radioactive 
proteins as judged by both fluorography and liquid scintillation 
spectroscopy following excision of Coomassie blue-stained 
spots and solubilization of the acrylamide pieces (data not 
shown). Samples of pancreatic juice collected earlier, 3-6 h after 
the injection of radiolabelled amylase, also showed a similar 
distribution of radioactivity among all secreted proteins. 

The per cent radioactivity precipitated with shellfish glycogen 
allowed us to quantify the distribution of amylase among 
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Fig. 2 Analysis of proteins a 5 6 7 8 8 
injected into the blood : 
circulation or collected in 685- 
pancreatic juice by two- ; 
dimensional isvuelectric 
focusing/SDS-gel electro- 
phoresis. a Shows the 
Coomassie _ blue-staining 
pattern of proteins 
contained in rat pancreatic 
juice; b shows a fluorograph 
of *°S-methionine-labelled 25- 
rat pancreatic proteins 
precipitated with shellfish 
glycogen and subsequently 45- 
injected into the blood 


45 





circulation; and c shows a fiuorograph of proteins contained in pancreatic juice 6 h after injection of the radiolabelled material presented in b. 


After intravenous administration of 


Sg.methionine, the distribution of radioactive proteins secreted into the pancreatic juice showed a 


fluorographic pattern similar to that observed in c, Each of the gels in panels a~c were impregnated with diphenylexazole as required for 
fluorography, Proteins are labelled according to their actual or potential enzyme activities: A, amylase; L, lipase; PA, procarboxypeptidase A; 
PB, procarboxypeptidase B; C, chymotrypsinogen; T, trypsinogen; and R, ribonuclease. The arrow in a identifies soybean trypsin inhibitor 
added to the samples of pancreatic juice to prevent autoactivation of pancreatic proteins during their analysis by the two-dimensional gel 


procedure. The upper abscissae give the isoelectric points of proteins; 


radioactive proteins injected into the blood circulation and 
those secreted into pancreatic juice collected between 2 and 7h 
during the experiment. Although the radioactivity injected was 
exclusively represented by amylase (99.0%), only 30.7% of the 
radioactivity which subsequently appeared in pancreatic juice 
was represented by this enzyme. This contribution by amylase 
was identical to that observed in a crude zymogen granule 
fraction after labelling of rat pancreatic lobules with **S- 
methionine (29.9%). As the distribution of radioactivity after 
injection of **S-labelled amylase was indistinguishable from that 
resulting from injection of **S-methionine, we conclude that the 
amylase injected into the blood circulation was taken up by 
tissues in the rat and degraded to individual amino acids and that 
the resulting free **S-methionine, circulated through the 





Fig. 3 Analysis of proteins contained in bile by two-dimensional 
isoelectric focusing/SDS-gel electrophoresis. Rat pancreatic pro- 


teins were labelled with °’S-methionine as described in Fig. 1 
legend. After injection of the entire complement of radioactive 
proteins into the blood circulation, bile samples were collected at 
5-min intervals. a Shows the Coomassie blue-staining pattern and 
b the fluorographic pattern of proteins contained in the bile sample 
collected between 20 and 30 min. Radioactive pancreatic proteins 
observed in bile are labelled by abbreviations described in Fig. 2 
legend. The radioactive protein with an isoelectric point of 4.8 and 
M, (molecular weight) ~72,000 in b represents an acidic gly- 
coprotein normally found in low levels in rat pancreatic secretion. 
The upper abscissae give the isoelectric points of proteins and the 
left ordinate gives the apparent molecular weight x107. 


the left ordinate gives the apparent molecular weight x 107, 


bloodstream, was used for synthesis of the entire complement of 
secretory proteins by the exocrine pancreas. No degradation was 
observed when *4S-labelled amylase was incubated with rat 


serum at 37°C for 7h. Presumably the bulk of amylase was. 


taken up by the reticuloendothelial system because rat pancred- 


tic amylase contains no attached carbohydrate. These findings: 


indicate that rat pancreatic amylase is not directly transported 


from the blood circulation to the pancreatic juice. We therefore 


conclude that this component of the proposed enteropancreatic 
circulation for digestive enzymes does not exist. 
Other studies strongly support our conclusions. Injection of 


356. methionine-labelled guinea pig pancreatic proteins into the’ 


blood circulation of the rat resulted in the appearance of TCA- 


insoluble radioactivity in pancreatic juice after 1 h. Separation 


of proteins contained in pancreatic juice by the two-dimensional 
gel procedure, which discriminates guinea pig from rat exocrine 
pancreatic proteins, followed by fluorography, indicated that 
radioactivity was exclusively associated with rat proteins. The 
sensitivity of our analysis using the methods described would 
have allowed the detection of 0.002% of radioactive guinea pig 
pancreatic proteins. 

In contrast with our studies analysing pancreatic juice, the 
analysis of bile after injection of pancreatic proteins into the 
blood circulation indicated that *°S-labelled rat pancreatic pro- 
teins appeared rapidly, within 5 min, in biliary fluid. Figure 3 
compares the Coomassie blue and fluerographic pattern of 
proteins contained in a sample of bile collected 20-30 min after 
injection of radioactive proteins into the blood circulation. 
Pancreatic proteins, which appeared in bile, represented 0.8% 
of the injected radioactivity and the appearance of negatively 
charged proteins was favoured over positively charged proteins 
(compare Figs 3b and 2c). These observations indicate not only 
the presence of a haematobiliary pathway for exocrine pancrea- 
tic proteins, but provide a powerful positive control for our 
studies into the possible existence of a haematopancreatic 
pathway. Taken together, our data convincingly demonstrate, to 
the level of 0.002%, that this latter putative pathway, at least in 
the rat, does not exist. 
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Thromboxane A, (TXA,) is formed from the fatty acid pre- 
cursor, arachidonic acid (AA). by the sequential actions of the 
enzymes cyclooxygenase and thromboxane synthetase’. It is 
readily generated by platelets and is a potent vasoconstrictor 
and inducer of platelet aggregation’. Studies in dogs show that 
the addition of AA to blood flowing through an incubation coil 
leads to production of TXA,, characterized by its instability and 
its ability to contract isolated strips of vascular tissue’. We now 
report that the formation of TXA, from AA in blood can be 
inhibited by 1-benzylimidazele, a thromboxane synthetase 
inhibitor, and selectively by very low doses of indomethacin. In 
conditions of TXA, inhibition, a vasodilator AA metabolite, 
presumably prostacyclin, is formed in the stomach. We show 
that TXA, is a powerful gastric vasoconstrictor and can exten- 
sively damage the gastric mucosa, and suggest that it may be 
involved in the pathogenesis of certain ulcerative disorders of 
the stomach, 

Segments of acid-secreting fundic mucosa from the stomachs 
of pentobarbitone-anaesthetized dogs were encased in a lucite 
chamber as described by others’. The branches of the splenic 
artery and vein, which supplied the mucosal flap, were isolated, 
and all other vascular connections supplying the greater curva- 
ture of the stomach and the spleen were ligated. Each dog was 
heparinized (500 TU per kg), and the splenic artery was cannu- 
lated close to the mucosal flap and perfused (10 ml min™') with 
blood from a cannulated femoral artery with a constant flow 
roller-pump (Watson Marlow). Changes in perfusion pressure, 
indicating vascular resistance, were recorded with a transducer 
connected to the arterial blood line close to the stomach. Resting 
perfusion pressure was 80-100 mm Hg. Injection ports were 
sited in the arterial blood line, either close to the stomach (witha 
3-s delay before reaching the stomach) or distally into a delay 
coil (allowing 30-s incubaticn in blood before the injected 
substances reached the stomach). Mean arterial blood pressure 
was measured via a cannula in a femoral artery and drugs could 
be administered intravenously (i.v.) through a cannula in a 
femoral vein. 

Bolus injection of AA (25-200 jg intra-arterially (i.a.)) into 
the 30-s incubation coil produced a dose-dependent rise in 
gastric perfusion pressure, with 100 ug AA producing a near- 
maximal increase of 56+9 mm Hg (mean+s.e.m. mean; 13 
animals). This vasoconstricticn was accompanied by localized 
blanching in the superficial mucosa and increased motility of the 
tissue within the chamber. 

We investigated whether the increase in perfusion pressure 
induced by AA could be due to platelet aggregates blocking the 
microcirculation. Although some workers have shown that dog 
platelets do not aggregate when they form TXA; from AA’, 
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Fig.1 Vasoconstriction in the canine gastric circulation by TXA; 
generated from arachidonic acid in blood, and its inhibition by 
1-benzylimidazole in five dogs. AA (Grade I; Sigma) was stored in 
n-hexane (10 mg ml™') at —20°C. After evaporation of the n- 
hexane with N, from 1-ml aliquots, sodium hydroxide (0.5 M in 
methanol, 0.5 ml) was added and subsequently evaporated to 
dryness. The residue was dissolved (10 mg ml”') in 1 M Tris buffer 
(pH 10.5, 4°C), and stored in a light-proof container on ice. 
‘Control’ represents response to AA (100 wg in 10-ul volume) 
injected i.a. into a delay coil so as to incubate with blood for 30 s 
before reaching the stomach. BZI (10-50 pg ml” final concen- 
tration in blood) was infused i.a. (0.1 ml min™') so as to incubate 
with blood 30s before reaching injection site for AA. Results, 
shown as change in gastric perfusion pressure (APP), are mean + 
s.e.m. of five experiments, where level of statistical difference from 
control (using paired data t-test) is shown as: *, P<0,05; **, 
i P<0.01. 


infusions of very high doses of AA i.a. to the canine stomach, 
which elevate perfusion pressure’, may lead to thrombotic 
occlusion of the gastro-epiploic arteryf, We have determined 
gastric arterio-venous (AV) differences in platelet counts in 
plasma after AA administration. Samples (2 ml) of blood 
collected in trisodium citrate (0.32%) were rapidly centrifuged 
in a modified Eppendorf bench centrifuge" and the platelet 
count in the plasma determined in a Coulter counter. In four 
dogs, the AV platelet count after i.a. administration of 100 ug 
AA into the delay coil was not significantly (P > 0.05) different 
from that obtained without AA in control conditions, indicat- 
ing that platelet aggregation with microemboli plugging of 
the gastric microcirculation is not a major factor in this vaso- 
constriction. 

1-Benzylimidazole (BZI), like imidazole’, is a selective 
inhibitor of TXA, formation in both human’ and dog” platelets. 
To investigate its action, the hydrogen fumarate salt of BZI was 
dissolved in isotonic saline and infused into the delay coil so that 
it mixed with the blood for 30 s before reaching the AA injection 
site (thus incubating for 1 min in blood before reaching the 
stomach). In five dogs, BZI infusion (10-50 pg ml, final 
concentration in the blood) alone had no effect on resting 
perfusion pressure in the gastric circulation. At 3 min after 
starting the infusion of BZI (10-50 wg mi~’), the vasoconstrictor 
response to AA (100 yg into the delay coil) was dose-depen- 
dently reduced, presumably reflecting inhibition of TXA, 
formation (Fig. 1). The BZI concentration reducing the vaso- 
constrictor response by 50% (13 pg m~}; 50 aM) is similar to 
that described for the inhibition of thromboxane formation from 
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Table 1 Effect of topical application for 1h of acid (100 mM HCI) or acid (100 mM) plus sodium taurocholate (5 mM) either alone or during 
TXA,-induced gastric vasoconstriction 





Acid Acid + AA Acid + Tauro Acid + Tauro + AA 
p.d. (mV) -603 -576 -44+ 3* ~4342** 
AH* (umol) —234 +202 -8 +239 837 +224* ~ 4034240 
Lesion area (mm?) 0 0 25411* 278 455"* 
n 4 3 3 4 


AA was infused i.a. (5 pg ml”! or 50 pg min” ') into a 30-s incubation coil to generate TXA; for the latter 30 min of the study period. Results, which 
show the p.d., acid back-diffusion (AH") and lesion area of gastric mucosa over 1 h, are mean +s.e.m. of values from n degs. Significant differences 


from acid-alone group is shown by *, P< 0.05; **, P<0.01. 


4C.AA by canine platelets in vitro’’. Infusion of BZI into the 
injection port close to the stomach failed to prevent the vaso- 
constrictor response to AA, indicating that the generation of 
TXA, was primarily in the blood and not in the stomach (Fig. 2). 
With 50 pg ml”! of BZI in the delay coil, a net vasodilator 
response to AA was observed in three of five experiments, 
suggesting that reduced TXA, formation in blood can unmask 
the biotransformation of AA to a metabolite, presumably pros- 
tacyclin'', which is a vasodilator in the stomach (Fig. 2). Indeed, 
even in the absence of BZI, close arterial administration of AA 
(100 pg), with only a 3-s delay before reaching the stomach, 
significantly (P < 0.01) reduced perfusion pressure (—23 + 8 mm 
Hg, n = 8). 

Within 3 min of terminating the BZI infusion to the incuba- 
tion coil, the vasoconstrictor response to AA had returned to 
control values (Figs 1, 2). This system is thus useful for studying 
locally acting drugs without treatment of the whole animal. 

The effect of a systemically administered cyclooxygenase 
inhibitor’? was also studied in six dogs. A low dose of 
indomethacin (25 wg per kg intravenously {i.v.)), given 5 min 
before injection of AA into the 30-s delay coil, significantly 
(P <0.05) reduced the vasoconstrictor response (Fig. 3). With 
higher doses of indomethacin (50-500 ug per kg, i.v.) the vaso- 
constrictor response was converted into a vasodilator response, 
whereas with 1-5 mg per kg, i.v., indomethacin abolished all the 
vasoactive effects of AA. We conclude that low doses of 
indomethacin selectively inhibit the cyclooxygenase in platelets, 
thus reducing the formation of the vasoconstrictor, TXA2, while 
cyclooxygenase in the stomach retains its ability to transform 
AA into the vasodilator metabolite, prostacyclin. At higher 
doses, the cyclooxygenase in the stomach also becomes 
inhibited, with subsequent abolition of the vasodilator response. 
Such differential actions may explain the small vasodilation in 
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Fig. 2 Vasoconstriction in the canine gastric circulation induced 
by TXA, generated from AA (100 yg in 10 pl volume) injected 
into a 30-s delay coil. In this experiment, the vasoconstrictor 
response was converted to a vasodilator response when 1~-ben- 
zylimidazole (BZI, 50 ug mi! final concentration in blood) was 
infused (0.1 ml min™’) into the delay coil. BZI, infused locally to 
the stomach, failed to prevent the vasoconstrictor response to AA, 
indicating that TXA, was being generated in blood and not in the 
stomach. 





the canine gastric circulation with infusion of high doses of AA 
after indomethacin pretreatment’. 

As discussed previously for aspirin’’, cur present results in the 
dog suggest that indomethacin can selectively inhibit platelet 
cyclooxygenase in vivo. Whether such differential sensitivity 
would be of clinical value for the inhibition of platelet aggre- 
gation must await further studies as the more chronic adminis- 
tration of low doses of indomethacin may inhibit cyclooxygenase 
in most tissues. Previous studies with indomethacin at anti- 
inflammatory doses in rats did not reveal any selectivity between 
inhibitory effects on prostaglandin production in the inflamma- 
tory exudate and in the gastric mucosa (unlike sodium salicylate 
and the anti-inflammatory compound, BW755C) while the 








+60 
+40 
ew s 
3 +20 
È 
<4 
6 3 3 3 5 
& 4 3 3 + * 
~10 
Aw 
-20 
». 
-30 
.* 
C 10 25 50 100 500 1,000 5,000 
Indomethacin yg 7mm 
per kg {iv.) 


Fig.3 Effect of indomethacin (10-5,000 pg per kg) administered 
i.v. on the gastric vasoactive actions of AA (100 yg; injected ia. 
into a delay coil, so as to incubate with blood for 30s before 
reaching the stomach). Indomethacin was dissolved in 5% w/v 
sodium bicarbonate solution, and the stock (20 mg ml‘) diluted to 
desired concentration. Indomethacin in progressively increasing 
doses reduced the control (C) vasoconstriction with TXA, 
generated from AA, and converted it into a vasodilator response, 
and subsequently abolished all vasoactive responses. Results, 
shown as increase or decrease in gastric perfusion pressure (APP), 
are the mean + s.e.m, Number of animals used is shown in each bar. 
* P<0.02; **, P<0.001. 
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inhibition of gastric cyclooxygenase was correlated with the 
production of gastric erosions". 

As mucosal ischaemia may be involved in the pathogenesis of 
gastric ulceration, we investigated whether the gastric vasocon- 
strictor actions of TXA, could induce or enhance gastric 
damage. Although vasoconstriction induced in dogs by vaso- 
pressin alone does not induce marked erosion, it does potentiate 
the damage from topical application of a low concentration of 
bile salts*. We have therefore compared the gastric lesions after 
1 h topical application of acid (100 mM HC) or acid plus the bile 
salt (100 mM HCl, 5 mM taurocholate) both alone, and during 
generation of the TXA, by infusion of AA (50 pg min™'; 5 bg 
ml final concentration in blood) into the 30-s delay coil. This 
infusion produced a sustained increase in gastric perfusion 
pressure of 56+ 7 mm Hg (n = 10), and is comparable with the 
AA concentration which generated TXA, in dog blood, as 
detected by bioassay on vascular tissues’. In a randomized 
experiment in eight dogs, the acid back-diffusion (measured by 
titration) and electrical potential difference (p.d.) across the 
mucosa, indices of mucosal permeability’, were also deter- 
mined in a two-compartment chamber. 

Topical application of acid plus taurocholate for 1h 
significantly increased acid loss and lowered p.d., but caused 
only slight gastric mucosal damage (measured in terms of lesion 
area with calipers) as shown in Table 1. Vasoconstriction 
induced by TXA;, generated from AA in blood, did not 
significantly alter acid back-diffusion or p.d. during application 
of topical acid, nor lead to observable damage (Table 1). 
However, in the presence of acid plus taurocholate, substantial 
damage of the mucosa was observed during vasoconstriction 
with TXA,;. Necrosis and punctate bleeding became apparent 
within 10 min and large areas of the mucosal surface became 
damaged within 30 min (Table 1). After terminating the AA 
infusion, frank bleeding from the eroded surface was observed. 

This work using TXA, confirms that vasoconstrictor agents 
can readily induce ulceration of the gastric mucosa in conditions 
where the mucosal surface had been in contact with low concen- 
trations of bile salts*'*. Although back-diffusion of acid alone 
into the mucosa seems to cause only slight gastric damage, 
concurrent vasoconstriction allows the accumulation of these 
back-diffusing hydrogen ions, leading to mucosal tissue 
acidification and thus necrosis. Our findings that the TXA, 
generated from AA in blood is a powerful gastric vasocon- 
strictor and leads to extensive mucosal damage may implicate 
endogenous TXA, in the pathogenesis of gastric ulceration. 
Clinical conditions such as stress or shock might lead to local 
platelet activation with subsequent TXA, generation in the 
stomach, or lead to an imbalance between prostacyclin-TXA, 
levels, and hence induce gastric mucosal damage. 

We thank Dr P. Thorogood for preparing 1-benzylimidazole 
and Dr J. R. Vane for helpful discussions. 
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Recent studies of several small proteins by NMR spectroscopy 
and X-ray crystallography have clearly demonstrated significant 
internal mobility in their structures (see, for example, refs 1-9), 
which can involve not only amino acid side chains but also larger 
regions of polypeptide chain. Occasionally a plausible function 
for this mobility has been suggested’, but there has been no 
conclusive evidence for a direct connection between intramole- 
cular mobility and a defined step in an enzymatic mechanism. 
The pyruvate dehydrogenase (PDH) multienzyme complex of 
Escherichia coli (molecular weight (M,) 4.5-6 x 10°) is one of 
the largest well defined assemblies of proteins known, compris- 
ing multiple copies of three different enzymes™®**, The substrate 
is carried in thioester linkage by lipoyl-lysine residues of the 
lipoate acetyltransferase component, the structural core of the 
complex. The lipoyl-lysine residues act as swinging arms, carry- 
ing substrate between the catalytic centres of the three 
enzymes™™" and between lipoic acid residues attached to 
different subunits in the lipoate acetyltransferase core’™"*, It 
has been conjectured that the lipoic acid-containing regions of 
polypeptide chain might be flexible'*”° and therefore able to 
increase greatly the effective radius of a swinging arm’®. We 
report here unexpectedly sharp lines in the 270-MHz proton 
NMR spectrum of the enzyme complex that are attributed to 
remarkable conformational mobility of large regions of poly- 
peptide chain carrying the lipoic acid residues. This mobility 
would enhance the functional connection of active sites in a 
multisubunit structure. 

A schematic mechanism of the PDH complex is shown in Fig. 
1. A 270-MHz proton NMR spectrum of the intact complex is 
shown in Fig. 2a, the most striking feature of which is the 
appearance of several sharp resonance lines (between —0.6 and 
~3 p.p.m. from dioxan) attributable to the protein, The complex 
has an M, of ~6 x 10° (ref. 11), a diameter of at least 30 nm (refs 
10, 11) and a rotational correlation time of ~107* s (ref. 14). A 
methylene proton moving with this correlation time would have 
a linewidth of ~8.5 kHz, and indeed there is an extremely broad 
envelope of resonance underlying the sharp lines in Fig. 2a. 
However, resonances with linewidths of only ~50 Hz must 
mean that some amino acid residues have substantial freedom to 
move rapidly with respect to the enzyme complex. 

The most prominent sharp resonance in the spectrum is at 
~2.34 p.p.m., close to the positions of the methyl resonances of 
alanine (—2.32 p.p.m.) and threonine (—2.48 p.p.m.) in simple 
peptides. There is also a clear shoulder at ~2.77 p.p.m., which is 
similar to the chemical shifts of the methyl protons of valine, 
leucine and isoleucine (~2.82 to ~2.74 p.p.m.). Methyl groups 
in proteins are commonly found to rotate very rapidly about the 
carbon-carbon bond attaching them to the molecule'’. 
However, this motion is not sufficient to explain the observed 
linewidths for these resonances. Rapid rotation of a methyl 
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Fig. 1 The reaction mechanism of the PDH multienzyme 

complex. El (pyruvate decarboxylase, EC 1.2.4.1), E2 (lipoate 

acetyltransferase, EC 2.3.1.12) and E3 (lipoamide dehydrogenase, 

EC 1.6.4.3) represent the three enzymatic activities. TPP, thiamine 
pyrophosphate; R = CH3 ~. 


group about this single axis can decrease the linewidth by no 
more than a factor of 4 (refs 21, 22) to give a predicted methyl 
linewidth of ~4 kHz in the present case—almost two orders of 
magnitude greater than that observed. It is clear that motion 
about several bonds must be involved, and that the sharp signals 
in Fig. 2a must arise from a region of the protein where the 
backbone, as well as the side chains, has substantial mobility. 

It is impossible to integrate these spectra accurately owing to 
the obvious difficulties of drawing an appropriate baseline, but 
approximate integration of spectra obtained with a 5-s pulse 
interval indicates that several hundred protons per enzyme 
protomer contribute to the sharp lines in the spectrum. We 
define a protomer as 1/24th part of the enzyme complex, as the 
particle appears to be a 24-fold repeat of this structure, based on 
an E2 core of 24 polypeptide chains arranged with octahedral 
symmetry'™'". Thus more than a few amino acids are involved 
and substantial regions of polypeptide chain must be mobile. 
The observed intensity ratio of the (Ala + Thr) to the (Val + 
Leu + Ile) resonances is greater than would be expected from the 
amino acid composition of the complex (see refs listed in ref. 23), 
and in addition no sharp resonances from aromatic protons are 
observed, Clearly we are not observing a general mobility of all 
the polypeptide chains in the complex, but rather a high degree 
of mobility for specific regions of the primary structure. 

No change in the NMR spectrum was observed when the 
complex was converted to the acyl enzyme by treatment with 
pyruvate (0.11 mM), thiamine pyrophosphate (0.11 mM) and 
MgCl, (5.7 mM) in the absence of coenzyme A and NAD* (see 
mechanism in Fig. 1), Likewise, no change was observed when 
the lipoic acid residues were reduced by treatment with NADH 
(0.15 mM) and NAD* (0.05 mM) or when this reduced en- 
zyme complex was acetylated by treatment with acetyl CoA 
(0.14 mM). . 

The PDH complex can be resolved into two subcomplexes: an 
E1-E2 subcomplex by selective removal of the E3 subunits in 
4 M urea, and an E2-E3 subcomplex by selective removal of the 
E1 subunits at pH 10 (refs 24, 25). Both subcomplexes have a 
large M, because they are based on the octahedral (24-chain) 
core of the E2 component. Their appearance on SDS-gel elec- 
trophoresis is shown in Fig. 3 and their proton NMR spectra in 
Fig. 2. The most prominent features of the spectrum of the intact 
complex are retained in the spectra of the subcomplexes. As the 
only type of polypeptide chain common to all three structures is 
that of lipoate acetyltransferase (E2), we infer that the most 
mobile regions of the intact PDH complex belong to this core 
enzyme. 





The isolated E1 and E3 components are dimers, with Mis ol 
~200,000 and 112,000 respectively”. Their proton NMR 
spectra (Fig. 4) differ from those of the intact complex and 
subcomplexes (Fig. 2), lacking the prominent (Ala + Thr} 
resonance at —2.34 p.p.m., but having clearly detectable 
resonances from aromatic protons. The lines in these spectra 
have apparent widths (~100 Hz) similar to those expected for 
molecules of this size’?®’, and there is no indication of 
substantial internal motion. These experiments, together with 
those on the subcomplexes, clearly implicate the E2 component 
as the source of the sharp resonances in the spectrum of the 
complex. Attempts to obtain a spectrum of the isolated E2 
component were frustrated by its tendency to aggregate and 
precipitate at the high protein concentrations required. 

Each E2 chain of the E. coli complex.contains two lipoic acid 
residues which become reductively acetylated by substrate (see 
Fig. 1) during the enzymatic reaction ^", Limited trypsin 
treatment of the complex releases fragments of the E2 poly- 
peptide chain carrying these lipoyl groups, whereas El and E3 
components remain bound to the residual part of the E2 core in 
an inactive complex which still has a very high M,'92925 This 
limited proteolysis suggested that the lipoic acid-containing 





Fig. 2. The proton NMR spectra of E. cali PDH complex and its 
subcomplexes. Complexes! were pelleted in the ultracentrifuge 
(3 h, 45,000g), dissolved in D-0 buffer, apparent pD 7.6, contain- 
ing 20 mM potassium phosphate and 2 mM sodium EDTA, and 
dialysed exhaustively against the same buffer. Spectra were 
obtained at 270 MHz using a Bruker WH270 spectrometer. 
Quadrature phase detection was used, with a 6-kHz spectral width 
and 0.34-s pulse intervals. The free-induction decay was recorded 
in 4,096 data points and 2,000 decays were averaged. Before 
Fourier transformation, the free-inductiondecay was muitiplied by 
an exponential corresponding to a line broadening of 5 Hz andthe 
data table was extended to 8,192 points with zeros. Chemical shifts 
are expressed relative to internal dioxan. The peaks marked E arise 
from EDTA. a, Intact complex, 70 mg mi”'; s20, (sedimentation. < 
coefficient corrected to water at 20°C) of a portion of this sample... 
diluted to 3.0 mg ml”, was 58.7 S. The feature marked x isan 
instrumental artefact. b, E1-E2 subcomplex, prepared by resolt- 
tion of intact complex on hydroxyapatite in 6 M urea, a method 
similar to that in ref. 24,29 mg ml’. This preparation was a cloudy 
suspension which was not examined by analytical ultracentri- 
fugation. c, E2-E3 subcomplex, prepared by treatment of intact 
complex at pH 10 according to refs 24,25; 57 mg mis szw at 
3.0 mg ml”! = 30.9 $. 
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Fig. 3 Analysis by SDS-polyacrylamide gel electrophoresis of E. 
coli PDH complexes and subcomplexes whose NMR spectra are 
shown in Figs 2 and 4. All samples were run on standard 7.5% gels 
in phosphate buffer'®. a, Intact enzyme complex; 6, enzyme 
complex after limited digestion with trypsin and gel filtration on 
Sepharose 6B-CL'®:.c, E1-E2 subcomplex prepared by removal of 
E3 subunits in the presence of 6M urea’*; d, E2-E3 subcomplex 
prepared by removal of E1 subunits at pH 10 (refs 24, 25); e, free 
E1 (dimers); f, free E3 (dimers). Fragments with apparent M, of 
65,000 and 36,000 in b are tryptic products of the E1 and E2 
chains, respectively”, 


regions of the lipoate acetyltransferase core protrude physically 
in the complex'?®°, and may form a ‘fuzz’ of lipoyl domains 
surrounding the E2 core in favourably oriented electron micro- 
graphs”. The largest identifiable fragment containing lipoic acid 
residues has an apparent M, of 45,000°° but this is rapidly 
broken down further by trypsin. Some degradation of the El 
chains from an apparent M, of 100,000 to 65,000 is usually 
found and the E2 core is then composed of fragments of the E2 
chain with an apparent M, of 36,000, compared with an 
apparent M, of 80,000 for the intact E2 polypeptide???” (see 
Fig. 3). Figure 4d shows the proton NMR spectrum of a trypsin- 
treated complex, gel-filtered on Sepharose 6B to remove the 
lipoic acid-containing peptides'’. All the sharpest peaks in the 
spectrum of the intact complex have disappeared, indicating that 
the proteolysis has removed the bulk of the highly mobile region 
or regions of the E2 chain. The spectrum of the tryptic core still 
contains resonances in the aliphatic region which are too narrow 
to arise from a rigid complex of this size, although they are much 
broader than the sharp components of the spectrum of the intact 
complex. They indicate the presence of regions of moderate 
internal mobility in the tryptic core. 

The almost unfettered motion of the lipoyl groups revealed by 
ESR spectroscopy'*"’ is accompanied by much conformational 
mobility of polypeptide regions of the lipoate acetyltransferase 
core that encompass the lipoyl-lysine residues. These are 
intrinsic properties of the enzyme protein and must not be 
confused with substrate-induced conformational changes. The 
chemical shifts of the sharp resonances in the NMR spectra are 
consistent with a random coil-like structure for the mobile 
regions, although some parts of these regions may have defined 
three-dimensional structures. Such structured regions near the 
lipoic acid residues might facilitate recognition by the enzyme 
active sites through protein-protein interaction. 

Conformational mobility may explain some puzzling features 
of the enzyme complex. It might help to span the gaps between 
E1, E2 and E3 active sites’”, which may be larger than a single 
lipoyl-lysine swinging arm could cover in a rigid protein”, 
and it is presumably important in active-site coupling’®”*. 
Several lines of evidence indicate that up to about half of the 
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lipoic acid residues of the E. coli PDH complex can be removed 
by limited proteolysis with trypsin”® or inactivated by treatment 
with N-ethylmaleimide** without much loss of overall catalytic 
activity. The overall catalytic activity of the complex is directly 
proportional to its E1 content’*'** and the rate-limiting step in 
the mechanism must involve E1'***. Loss of catalytic activity 
would lag behind the loss or modification of lipoic acid residues 
if one lipoic acid residue could take over the role of an- 
other**??*°?7_ Conformational mobility in the E2 core might 
facilitate this by allowing a given E1 active site to be visited by 
more than one lipoic acid residue, even a lipoic acid residue 
bound to a different E2 chain’, The dihydrolipoyl group 
could in turn have a limited choice of E3 active sites at which to 
be reoxidized™, That this mobility is vital in the functioning of 
the complex is reinforced by the observation (H.W.D., R. 
Jaenicke, R.N.P., G.C.K.R. and E. Wawrzynczak, unpublished) 





Intact PDH complex 





Isolated E1 j g \ 


JES 


Isolated E3 








p.p.m. 


Fig. 4 The proton NMR spectra of some derivatives of E. coli 
PDH complex. Protein samples were concentrated by ultracen- 
trifugation (a, d) or ultrafiltration (b, c), and were then dialysed 
against the D20 buffer and examined by NMR spectroscopy as 
described in Fig. 2 legend. The signal marked D in a and d is due to 
dioxan, ~ 1 mM, added as a reference; peaks E arise from EDTA; x 
is an instrumental artefact. a, Intact complex from Fig. 1. b, El 
component, obtained by the resolution. procedure that yielded 
E2-E3 subcomplex (Fig. 2c); 51 mg mi; 320w at 3.0 mg m = 
9.65 S, as expected for the dimer, M, = 200,000 (ref. 10). c, E3 
component, obtained by the resolution procedure that yielded 
E1-E2 subcomplex (Fig. 24); 12 mg ml” '; Szow at 3.0 mg mV! = 
6.03 S, as expected for the dimer, M, = 112,000 (ref. 10). d, Core 
complex obtained by limited proteolysis of native PDH complex 
with trypsin and gel filtration on Sepharose 6B-CL, as in ref. 19; 
66 mg mit; S20,w at 3.0 mg mi =41.25. 
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that the PDH complexes of Bacillus stearothermophilus and ox 
heart and the 2-oxoglutarate dehydrogenase complexes of E. 
coli and ox heart all display very similar NMR spectra, indicating 
similar conformational mobility. 

This work was supported in part by a research grant from the 
SRC (to R.N.P.). H.W.D. is a Travelling Fellow of the Nuffield 
Foundation. We thank Miss M. B. Thomas for technical assis- 
tance and D. Reed for performing the ultracentrifuge runs. 
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During the early stages of embryogenesis, the sea urchin embryo 
uses maternally synthesized mRNA stored in the egg as inactive 
messenger ribonucleoproteins (mRNPs)', Release of this 
mRNA for translation allows the embryo to develop even in the 
absence of new mRNA synthesis. Comparison using two- 
dimensional gel electrophoresis shows that the same spectrum of 
prevalent proteins are synthesized by eggs and zygotes 30- 
60 min after fertilization’. Thus, unlike the case of the clam 
Spisula in which there are several prominent changes in trans- 
lation associated with fertilization’, sea urchins have been 
thought to show little or no regulation of translation of specific 
mRNA sequences. Histone mRNAs are major components of 
the mRNA pool, comprising as much as 4-8% of the total 
mRNA of eggs’, yet their products, histones, would not 
normally be detectable on two-dimensional gels. We report here 
that mRNA complementary to a histone H3 cloned probe 
remains in the inactive mRNA pool for 90 min after fertilization 
before it begins to be translated. This is long after the rapid 
increase in overall protein synthesis, using stored mRNAs, has 
begun. As we can demonstrate no significant synthesis of histone 
H3 mRNA during this period, stored histone H3 mRNA must 
be subject to sequence-specific translational regulation. 
Patterns of protein synthesis during early sea urchin embryo- 
genesis have supported the idea of a rapid linear release of 
stored maternal MRNA from the mRNA pool. The kinetics of 
protein synthesis require that the release of stored mRNA for 
translation starts 2 min after fertilization’. This rapid initiation 
of the release of stored mRNAs is further indicated by the 
kinetics of recruitment of free ribosomes into polysomes (Fig. 1). 
Whether measured by optical density or by use of a ribosomal 
RNA-specific cloned probe, recruitment starts immediately 
after fertilization and proceeds in a linear manner for ~90 min 
before reaching a plateau at 20-25% of the available rRNA. In 
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Fig. 1 Time of appearance of rRNA and histone H3 mRNA in the 
polysomes of S. purpuratus embryos. Embryos were cultured at 13.5 °C for 
the appropriate lengths of time and polysomes were prepared by the 
procedure of Wold et al.'°, omitting the polyvinyl sulphate. Material was 
layered on to 540% exponential sucrose gradients and centrifuged for 
2.5 h, 26,000 r.p.m. in an $W27 rotor. Individual fractions were collected, 
deproteinized with phenol/chloroform/isoamy! alcohol (25; 24:1) and 
RNA precipated with ethanol. RNA samples were taken up in 1 x MOPS 
buffer (20 mM morpholinopropane sulphonic acid, 5 mM sodium acetate, 1 
mM EDTA) at pH 7.0, 6% formaldehyde and 50% formamide, heated at 
65°C for 5 min, cooled rapidly and electrophoresed oma 1% agarose gel in 
1 x MOPS buffer containing 6% formaldehyde. After electrophoresis the gel 
was soaked for 30 min in 20 x SSC (1 x SSC = 0.15 M NaCl, 0.015 Msodium 
citrate, pH 7.4), and blotted on to a nitrocellulose filter in 10*33C. The 
filter was rinsed with 3 x SSC and baked for 2 hat 80°C in a vacuum oven. 
Probes for histone H3 (p3H1, provided by L. Kedes) and rRNA (plv 60, 
provided by D. Stafford) were nick-translated to 1-5 x 10’ apm. pg™ using 
[a-??P]JCTP. Filters were prewashed in 10x Denhardt's solution (0.02% 
bovine serum albumin, 0.02% Ficoll, 0.02% polyvinyl pyrolidone), 0.1% 
SDS, 0.02 M phosphate buffer, 5x SET (1x SET = 0.15 M NaCl, 0.025 M 
Tris, pH 8.0, 0.002 M EDTA) at 68°C for 1-2 h. The filters were prehy- 
bridized at 45°C in 10 mi of 10% dextran sulphate, 5x SET, 0.02 M 
phosphate buffer, 1 x Denhardt's, 100 ug mi”! sheared calf thymus DNA, 
100 ug ml" poly (rA) and 50% formamide. After 1—2 h, 1-5 x 107 c.pum. of 
nick-translated plasmid was added and hybridized at 45°C for 12-16 R. 
After hybridization, the filters were washed at 68 °C for 1h in each of the 
following: (1) 5x SET, 0.1% SDS, 0.1% sodium pyrophosphate and 0.025 
M phosphate buffer; (2) 1 x SET, 1 x Denhardt's, 0.1% sodium pyrophos- 
phate and 0.025 M phosphate buffer; (3) 0.3 «SET, 0.025 M phosphate 
buffer, 0.1% sodium pyrophosphate, 0.1% SDS. The filters were air dried 
and exposed to preflashed'' Kodak X-Omat RP ‘film at -70°C using Dupont 
Cronex lighting plus intensifier screens. Exposure times ranged from 2 to 96 
h. @, % rRNA in polysomes as determined by Assi ©, % rRNA in 
polysomes as determined by hybridization with SONA probe pLv60; ©, % of 
histone H3 mRNA in polysomes, 
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addition, titrations with labelled poly(U) show that >70% of the 
total cytoplasmic poly(A) is present in the polysomes of 2-h-old 
embryos, while <5% is found in polysomes of unfertilized eggs’. 

To determine whether H3 mRNA is recruited with the same 
kinetics as total mRNA, we have measured the relative amount 
of H3 mRNA present in the mRNA and polysome compart- 
ments of the embryo from fertilization through 8 h of develop- 
ment. Strongylocentrotus purpuratus embryos were cultured for 
specific times and the polysomes displayed on 5-40% exponen- 
tial sucrose gradients. After fractionation the RNA was extrac- 
ted, electrophoresed on agarose gels and blotted on to nitro- 
cellulose filters. The filter-bound RNA was then hybridized to a 
“P labelled nick-translated clone containing only the coding 
sequence for histone H3. The amount of probe hybridizing to 
each region of the gradient gave a direct measure of the percent 
of H3 mRNA found in the polysomal and mRNA compartments 
of the embryo at a given time (Fig. 2a, c). Quantification was 
done by densitometric scanning of autoradiographs exposed 
within the linear range of the film. To ensure that the detected 
RNA was polysomal, parallel experiments were performed 
using EDTA to dissociate polysomes (Fig. 2, d). 

At 90 min after fertilization, <10% of the total hybridizable 
H3 mRNA is found in the polysomal region of the gradient (Fig. 
1). Between 90 min and 4 h there is a rapid linear rise in the per 
cent of the total H3 mRNA in the polysomes until, after 4 h, 
85% of the H3 mRNA is detected in the polysome region of 
‘the gradient. Whether embryos are cultured in the presence or 
-absence of actinomycin D, we can detect no significant increase 

in the amount (per yg of total RNA) of H3 mRNA during the 
first 5 h after fertilization (Fig. 3). This, in conjunction with the 
recruitment data in Fig. 1, suggests that little of the H3 mRNA 
initially present in the egg remains in the masked state. Newly 
Synthesized H3 mRNA begins to accumulate measurably 6-8 h 
after fertilization, and seems to move rapidly into the polysomal 
fraction, as by 8h >95% of the H3 mRNA is present in 
polysomes. In contrast to H3 mRNA, a-tubulin mRNA does 
not exhibit the 90-min delay, but is significantly loaded by 
_ 30 min after fertilization (data not shown). 
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Fig.2 Autoradiographs and quantification of representative H3 
mRNA titration from 1-h and 3.75-h embryos. The amount of 
probe hybridizing to each fraction of the gradient is expressed as 
+ the percentage of the sum of the probe hybridized in all fractions. 
A353 (.....) was obtained using an Isco UAS absorbance monitor. 
Fractions were collected from the top. a, 1-h embryos; b, 1-h 
embryos, EDTA released; c, 3.75-h embryos; d, 3.75-h embryos, 
EDTA released. 
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Fig.3 Titration of total H3 mRNA from unfertilized egg through 
8 h of development in the presence or absence of actinomycin D. 
Embryos were cultured in the presence of 25 ug ml”! actinomycin 
D. At each time point, identical aliquots were removed and the 
total RNA extracted, electrophoresed, blotted and hybridized as 
described in Fig. 1 legend. Data are given as the ratio of the amount 
of H3 at each time point to the amount in the unfertilized egg. x, 
Control; ©, actinomycin D. 


Consistent with these results is a recent study of in vitro 
translation of sea urchin mRNA using a cell-free system derived 
from sea urchin eggs. This study shows that histone H3, as well 
as other histones, are synthesized in vitro in significant amounts; 
however, very little histone synthesis was observed in vive until 
at least 1 h after fertilization’, Our data show that this delay in 
appearance of histone H3 is to be expected from the behaviour 
of the H3 mRNA. Because most mRNAs in the egg must be 
unmasked before translation can occur’, the delay in H3 mRNA 
recruitment may be due to a specific delay in unmasking of 
histone mRNAs. Alternatively, the delay may be due to a 
change in initiation properties of ribosomes or the lack of a 
histone mRNA-specific translation factor, We cannot yet dis- 
criminate between these possibilities. Woods and Fitschen’ have 
observed changes in histone mRNA distribution in sea urchin 
polysomes during telophase of the first cleavage cycle and 
suggest that it may be associated with the onset of DNA 
synthesis. However, the absence of any further association of 
use of histone mRNA with the cell cycle argues against a direct 
causal association between DNA synthesis and histone mRNA 
recruitment, The marked contrast between the recruitment of 
H3 mRNA and that of most maternal mRNAs clearly demon- 
strates translational regulation of early embryonic protein 
synthesis in the sea urchin embryo. * 
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In pursuit of a self-conscious science 


For the half-century between 1920 and 
1970, most neurophysiologists and experi- 
mental psychologists were content to leave 
‘consciousness’ outside the boundaries of 
their disciplines. The properties tradi- 
tionally attributed to consciousness — 
freedom of the will, creativity, self- 
knowledge — seemed difficult, if not 
impossible, to capture within the accepted 
notions of deterministic science. Further- 
more there was a strong reaction to the use 
of consciousness as an explanatory device: 
two actions were different because one was 
voluntary; two stimuli differed because 
one was attended to. 

In recent years this radical behaviourist 
approach has been modified and recent 
work has thrust the problem of 
consciousness to the forefront again. One 
scientist who deserves considerable credit 
for insisting on a place for consciousness in 
neurophysiology during this scientific dark 
night of the soul is the author of the book 
under review. In 1953, Sir John Eccles 
published a book entitled The 
Neurophysiological Basis of Mind (Oxford 
University Press) which was quite the best 
summary up to that time of how nerve 
impulses pass from one cell to another. 
Having been for many years one of the 
main proponents of the electrical synapse 
theory, Eccles accepted the new evidence 
for the chemical synapse and became one 
of the architects of our modern under- 
standing of neuronal transmission, for 
which work he received the Nobel prize in 
1964, 

In 1953 virtually no aspect of brain 
research had a direct bearing on the 
question of consciousness and Professor 
Eccles’s inclusion of a final chapter on this 
topic was regarded as a mild eccentricity. 
Consciousness entered the scientific pic- 
ture as a subtle force operating at the level 
of the indeterminate synapse. Eccles’s pre- 
occupation with the brain-mind problem 
has increased over the years: the last 
chapter of the 1953 book has become the 
first chapter of the present book. The book 
is divided into three sections. The first 
section (Lectures 1 and 2) sets out Eccles’s 
current theory of the mind which he has 
developed in association with the 
philosopher Sir Karl Popper. The second 
(Lectures 3—6) describes recent experi- 
ments in neurophysiology and psychology 
which bear on the question of 
consciousness, and the third (Lectures 
7-10) marks a shift to a consideration of 
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the broader issues of the relation between 
consciousness and social values. 

Eccles’s theory of consciousness views it 
as an entity which exists independently of 
the brain but which interacts strongly with 
it. He rejects materialist theories which 
identify consciousness with the activity ofa 
part or all of the brain. The brain- 
consciousness interaction takes place at the 
level of the cerebral cortex which unfor- 
tunately does not have the appropriate ana- 
tomical structure. Whereas consciousness 
appears to be a unity which maintains its 


integrity and continuity over time, the cere- ` 


bral cortex consists of numerous, relatively 
independent modules each coding for a 
different aspect of the sensory environ- 
ment or motor behaviour. Eccles concludes 
that ‘*... the unity of conscious exper- 
ience is provided by the self-conscious 
mind and not by the neural machinery of 
the liaison areas of the cerebral 
hemisphere’ (p.50). How is this 
accomplished? 


. , . the self-conscious mind can scan the activity 
of each module of the liaison brain or at least 
those modules tuned in toits presentinterest. . . 
the self-conscious mind has the function of 
integrating its selections from the immense 
patterned input it receives from the liaison 
brain. . . in order to build its experiences from 
moment-to-moment [p.46]. 


It would appear that on this formulation 
the problem of consciousness is 
inaccessible to neurophysiological analysis 
and perhaps to any scientific analysis, [tis a 
non-neural entity with its own structure, 
interests, expectations and creative 
impulses, attributes which are never dis- 
cussed but which are constantly invoked to 
“explain” psychological and physiological 
findings. 

Much of the middle section of the book 
is an excellent description of recent 
findings. As might be expected from the 
author’s preoccupation with the cerebral 
cortex as the part of the brain which liaises 
with the self-conscious mind, much (and by 
far the most satisfactory part) of this 
section deals with effects ascribable to the 
cortex. Visual illusions show that much of 
the sensory world is created by the brain 


arearen a NONE 


from inadequate data; EEG recordings of 
the brain potentials from the scalp show 
that cortical activity precedes voluntary 
movements and accompanies anticipated 
stimuli. Unfortunately, these fascinating 
findings are “explained” by hand-waving 
references to the self-conscious brain. 
Since the “‘explanation’’ is given in terms 
of a world with normal scientific rules, one 
may reasonably ask for experiments to 
investigate this world, but as we approach 
it retreats as a will’o the wisp. 

Subsequent chapters give a cursory but 


adequate account of the limbic system, the 


pain system anc the reticular activating 
system of the brainstem. Professor Eccles 
acknowledges that these may have some 
bearing on the problem of consciousness 
but keeps his sights firmly fixed on the 
cerebral cortex. A surmise in the section on 
the limbic mechanisms of emotion ‘‘that 
Gary Gilmour, the last criminal to be 
executed in the United States, may have 
been suffering from amygdaloid seizures” 
(p.116~117) warms us of what to expect in 
the third and final section of the book: the 
relation between brain, consciousness and 
social values. 


This last section contains a wide ranging 
set of comments and quotations on toples 


centred around the twilight area where 
scientific ideas impinge upon social values. 
Professor Eccles is particularly severe on 
scientists who would reduce human action 
or human values to mechanistic 
explanations. The sociobiologist E/O. 
Wilson who seeks to explain altruistic 
behaviour on the basis of selfish genes and 
the molecular biologist Jacques Monod 
who seeks to emphasize the chance 
elements in human existence come indor 
special opprobrium. Although some 
cogent arguments are advanced, much of 
the discussion takes the form of poetic 
quotations from suitably authoritative 
sources: Sherrington, Planck, Heisenberg, 
Eddington and Einstein, We suggest that 
most readers wil) take these last chapters 
for what they are: the personal prejudices 
of a great neurobiologist who has strayed 
outside the bounds of his area of expertise 
We hope it won't deter them from giving 
serious consideration to the earher 
chapters. es) 








J. O'Keefe and P.D. Wall are members of the 
Cerebral Functions Research Group at 
University College, University of London. 
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A tool of elegance and ¢ great power for physicists ao 


: Peter McClintock 





Green’s Functions and Condensed Matter. 
By G. Rickayzen. Pp.357. ISBN 
0-12-587950-4. (Academic: 1980.) £22.80, 
$55. Many-Particle’ Physics. By G.D. 
Mahan. Pp.1,003. ISBN 0-306-40411-7. 
(Plenum: 1981.) $85, £53.55, 





WHEN George Green, miller and part-time 
theoretical physicist, died in 1841 at the 
early age of 47 the Nottingham Review 
commented regretfully that **. . . had his 
life been prolonged, he might have stood 
eminently high as a mathematician”. Little 
did they realize. During his brief but 
remarkably productive twelve-year spell of 
‘scientific activity, starting with An Essay 


on the Application of Mathematical 


Analysis to the Theories of Electricity and 


fe Magnetism (published privately in 1828), 


Green had introduced the concept of 
electric potential, had carried out work of 
fundamental importance in wave theory 


7? and hydrodynamics and had laid the 


“foundations for modern theories of 
elasticity. Notwithstanding this substantial 
contribution, however, and despite his 

‘acknowledged influence on both Stokes 

and Kelvin, Green’s memory remained 

relatively obscure until more than a century 

-after his death, when R.P. Feynman took 
up some of the techniques introduced by 
Green, and developed them for application 
to nuclear physics and the theory of 
elementary particles. The use of Green’s 
function methods has subsequently spread 
through the rest of physics including, 

- particularly, solid state physics. 

Thus it has come about that no physicist 
in the 1980s can remain indifferent to 
Green’s functions. For those who love 
them including, probably, the majority of 
theorists, Green’s functions constitute a 
tool of elegance and great power, in- 
dispensable in some areas of physics, 
which can with advantage be applied to 


o . almost any problem with which they may 


be confronted. Others regard them with 
‘profound suspicion. They feel that 
devotees frequently employ Green’s 
function techniques for their own sake, for 
the sheer joy of using them, and often at the 
expense of physical insights which can 
„more readily be gained through simpler 
Their mistrust probably 
relates, at least in part, to a lack of under- 
standing. The publication of two new 
advanced textbooks on the subject, each 
aimed at filling what has been an unfor- 
tunate lacuna in the literature, is therefore 
to be applauded. 

The similarities between G. Rickayzen’s 
Green’s Functions and Condensed Matter 
and G.D. Mahan’s Many-Particle Physics 
are greater than their differences. Both 
books are aimed at advanced graduate 
students, or academic staff, and both 
assume a good prior knowledge of 
quantum mechanics at the level provided, 


say, by the classic texts of Schiff or Landau 
and Lifshitz. They are both most definitely 
books of physics, as oppesed to mathe- 
matics, each consisting very largely of an 
account of how Green’s function and 
Feynman diagram techniques can be 


applied in practice to a selection of topics in 


solid state physics. Both books cover, for 
example, phonons, the Coulomb gas, 
electron-phonon interactions, transport 
theory, linear response, superconductivity 
and liquid helium (which by tradition is 
treated as solid state physics). Both 
provide, for each chapter, references to the 
original literature (Mahan’s being the more 
extensive) and a set of problems, without 
solutions. In each case, the standard of 
production is high. The most obvious 
difference between the two books lies in 
their respective lengths: Rickayzen’s has 
357 pages in total whereas Mahan’s, with 
1,003, is almost three times as long. Much 
of this difference can be accounted for in 
terms of Mahan’s detailed treatment of 
certain topics — for example, optical 
properties or polarons — which Rickayzen 
either omits or treats less fully; but, to a 
considerable extent, it also relates to their 
very different styles of presentation. 

Mahan’s stated objective was 

. to take standard subjects . . . and to sum- 
marize what is generally known. All the steps are 
retained in the derivation, so that the answers 
are obtained by starting from the beginning and 
working through to the end. 
This latter feature is quite unusual in 
advanced texts, which commonly leave the 
reader to fill in a lot of the intermediate 
steps for himself, and it is a reflection of 
Mahan’s declared intention of producing a 
book which graduate students will be able 
to use on their own, if necessary, in the 


absence of a formally taught course. It will 
also be a considerable help and encourage- 
ment to the less theoretically biased readers 
at all ages and stages. Mahan writes in a 
style which is relaxed without being 
imprecise, and which often displays 
refreshing candour as, for example, in 
relation to the ground state properties of 
quantum fluids where he comments that, 
unusually, ‘‘... the Green’s function 
method gives awful results’’. 

Rickayzen’s book, which starts 
disarmingly with the truism that ‘‘Anyone 
who has used the Coulomb potential due to 
a point charge has used a Green's 
function’, is by contrast a model of brevity 
and succintness. The most immediate 
benefit lies in the remarkable range of 
topics which he has managed to treat at a 
useful level in the space available: in 
addition to the items mentioned above, 
the book also includes chapters on 
magnetism, disordered systems and critical. 
behaviour. The relatively condensed 
presentation should be well suited to the 
graduate student in theoretical physics at 
whom the book is primarily aimed, par- 
ticularly if used to support and supplement 
the material provided in a formal course of 
lectures on the subject. 

Each of these books is excellent in its 
own way. They should bea real help both in 
educating the next generation of solid state 
theorists and also in rendering ‘‘Greenery”’ 
just a little bit less daunting to those profes- 
sional physicists who have not yet fully 
come to terms with the power and utility of 
these techniques. Cj 





Peter McClintock is a Senior Lecturer in the 
Department of Physics, University of 
Lancaster, 


... and another for molecular biologists 


Ueli Schibler 


Genetic Engineering 1. Edited by Robert 
Williamson. Pp.168. ISBN 0-12-270301-4. 
(Academic: 1981.) £9.80, $24. 








GENETIC engineering has not turned dull 
molecular biologists into imaginative ones. 
There is, however, little doubt that both 
could profit immensely from this elegant 
and powerful technique. This is enough 
justification for a new series entitled 
Genetic Engineering. According to the 
editor, the purpose of the new periodical is 
to rapidly publish comprehensive reviews 
about different aspects of recombinant 
DNA technology. This first issue addresses 
a very heterogeneous readership, including 
students, experienced researchers and 
physicians. It brings together a rather 
technical article about cDNA cloning, an 


article about prenatal diagnosis of 
abnormal haemoglobin genes and a review 
on transcription of cloned genes in 
different experimental systems. 

J. E. Williams provides a meticulous 
account of every aspect of the applicability 
and feasibility of cDNA cloning, and 
evaluates most of the tricks used in the 
enzymatic construction of recombinant 
molecules containing cDNA and their 
propagation in bacterial host cells. 
Particularly helpful are the discussions of 
mRNA complexity and the size of acDNA 
library. Using this information one can 
easily calculate how many bacterial 
colonies should be screened to obtain, with 
a certain probability, an mRNA sequence 
of a given abundance. It is a pity that 
Williams did not include a short protocol 











Nature Vol. 292 30 July 1981 


431 


NEUE VOl ére JU SUY ee etter 


Isolation and assay of insect hormones 


which he has found to be generally 
applicable. This might have reduced the 
beginner’s confusion over choosing the 
most appropriate procedures, since he has 
just read 55 pages describing alternative 
methods, loop-holes and pitfalls. 

The second article deals with a medical 
application of recombinant DNA tech- 
nology. P. F. R. Little summarizes the 
lesions of haemoglobin genes associated 
with different haemoglobin deficiencies 
and how they can be detected by Southern 
blotting of DNA from fetal cells obtained 
by amniocentesis. Two major principles 
are discussed: the first is direct 
demonstration of deletions within a globin 
gene itself; this approach is particularly 
valuable for certain thalassaemias. The 
second is based on the fact that deficient 
genes are often linked to polymorphism of 
nearby restriction endonuclease sites, 
which in turn is readily detectable. This 
approach can be applied to any 
disfunctional gene where linkage exists, 
and does not depend on the nature of the 
lesion in the DNA. As, thanks to molecular 
cloning technology, our knowledge about 
genes increases rapidly, the antenatal 
diagnosis of lesions at the DNA level will 
certainly have an important future in 
preventive medicine. 

Several systems to study the expression 
of cloned genes either in vitro or in vivo 
have recently become available. Two of 
them, the transcription of isolated genes in 
microinjected oocytes, and in cell-free 
extracts, are reviewed in an authoritative 
article by M. P. Wickens and R. A. Lasky. 
Most of the important published work 
carried out on the expression of eucaryotic 
genes in these systems is critically reviewed 
and put into perspective. Jn vitro 
transcription of genes, both wild type and 


after mutation in vitro, has been important. 


in recognizing signals on DNA. This 
strategy succeeded in defining promotors 
for various genes transcribed by RNA 
polymerase I1, and sequence elements in 
genes transcribed by RNA polymerase I. 
which are required for correct initiation 
and modulation of transcription. 

All three articles of the first issue of 
Genetic Engineering are well written and 
certainly worth reading. It seems to me that 
the articles which are published in this issue 
and are planned for publication in further 
issues could have been grouped more 
logically, for example by putting the 
construction of cDNA (this issue) and 
genomic DNA recombinants (planned for 
a future issue) into the same volume. The 
same holds true for Wickens and Lasky’s 
article and the planned article on 
expression of cloned genes in transfected 
cells. However, if the promised publishing 
strategy is adhered to, the series should 
quickly build into a useful reference work 
on recombinant DNA technology. im 





Ueli Schibler is a Junior Staff Member at the 
Swiss Institute for Experimental Cancer 
Research, Lausanne. 


H. F. Nijhout 


Neurohormonal Techniques in Insects. 
Edited by Thomas A. Miller. Pp.282. 
ISBN 3-540-90451-4. (Springer-Verlag: 
1981.) DM79, $46.70. 








Ir 17 is possible to pinpoint the birth of a 
biological discipline, then neuroendo- 
crinology was born in 1917 when a Polish 
biologist, Stefan Kopeć, reported that the 
brain of gypsy moth caterpillars produced 
a hormone that stimulated pupation. The 
hormone he discovered we now call 
prothoracicotropic hormone (PTTH), 
because it stimulates the prothoracic 
glands to secrete the moulting hormone, 
ecdysone. In the decades that have passed 
since this landmark discovery, the 
recognition, isolation and identification of 
additional insect neurohormones has 
proceeded at a slow but steady pace and 
Neurohormonal Techniques in Insects 
provides an account of the current status of 
these endeavours. 

The purpose of this volume is to provide 
a compendium of the methods that are 
currently used by various laboratories to 
collect, assay and purify the neuro- 
endocrines of insects. The book is divided 
into 11 chapters dealing with as many 
neuroendocrine factors, to wit: proctolin; 
adipokinetic hormone; diuretic hormone; 
insulin- and glucagon-like hormones; 
bursicon; pupariation factors; cuticle 
plasticizing factors; eclosion hormone; 
diapause hormone and PTTH. Each 
chapter has a brief introduction 
establishing the biological properties of the 
hormone in question, followed by a review 
of various bioassay methods and finally a 
detailed description of the methods used in 
its isolation and characterization. 

The first two chapters by Staratt and 
Steele and by Stone and Mordue on the iso- 
lation and identification of proctolin and 
adipokinetic hormone, respectively, are by 
far the best methods papers I have ever 
seen. The quality of the remaining con- 
tributions is, predictably, variable both 
in method of exposition as well as in the 
skill with which various problems are 
handled. Some of the defects become 
understandable, though, when one 
considers the enormous obstacles that must 
be overcome by those who discover a new 
hormone and venture to identify it. The 
numbers of insects that need to be worked 
up to extract a sufficient quantity of 
hormone are truly prodigious. For 
example, 125,000 cockroaches yielded 1.12 
mg of proctolin, and fractionation of 
96,000 silkworm heads yielded 3 mg of a 
heterogeneous residue possessing high 
PTTH activity. To make matters worse, 
the bioassays that must be used are 
cumbersome and consume vast quantities 
of time, manpower and hard-won 
hormone. The biggest problem, though, is 
that the specificity of a bioassay for a given 


hormone is often questionable, and I 
found a critical consideration of what 
constitutes an optimal assay methed and 
scoring procedure lacking in most chapters. 

A budding biochemist should have no 
difficulty in following the rationale as well 
as the procedures employed by the various 
authors and it sheuld be possible for any 
well equipped laboratory to employ the 
methods described to attempt their own 
hormone isolations. However, it is evident 
from the accounts in this volume that the 
development of reliable, and preferably 
biochemical, assays should be the firs 


order of business for the future. Ei 


H. F. Nijhout is Associate Professor of Zoology 
at Duke University, Durham, North Carolina, 





Creative catalysis 
G.W. Parshall 


Homogeneous Transition-metal Catalysis: 
A Gentle Art. By Christopher Masters. 
ISBN hbk 0-412-22110-1; ISBN pbk 
0-412-22120-9. (Chapman & Hall: 1980.) 
Hbk £20, $25; pbk £9.50. 


THE gentle art described in this book is the 
synthesis of organic compounds through 
the skilful application of transition metal 
complexes as catalysts. Dr Masters’ 
purpose in writing this book was to 
stimulate enthusiasm for this art. He 
succeeds admirably because he has 
produced not just a readable description of 
the subject as it exists today but also a 
perceptive analysis of developing research 
areas. 

In the introductery chapter, Dr Masters 
describes the basic principles of bonding 
and reactivity in transition metal 
complexes in simple terms for the non- 
specialist. Phenomena such as oxidative 
addition, f-elimination and steric and 
electronic effects are illustrated with 
significant examples. The fundamentally 
kinetic nature of catalysis is stressed. 

The heart of the book is a description of 
homogeneous catalysis as it is practised 
today. Fourteen of the two dozen or more 
major commercial applications of solubie 
transition metal catalysts are discussed in 
some detail. The processes described 
include the reactions of carbon monoxide 
with acetylenes, olefins and alcohols, the 
dimerizations of olefins and dienes, and 
the oxidations of several different types of 
hydrocarbons. Fundamentally organome- 
tallic processes such as the hydrogenation, 
isomerization, polymerization and 
metathesis of olefins are also included, 
even though industry usually chooses 
heterogeneous catalysts for these 


























“operations. Some significant reactions like 
the hydrocyanation and hydrosilylation of 
olefins are omitted and others are simply 
mentioned. However, the reactions that 
are included are discussed expertly and 
with sufficient detail to satisfy the reader 
who is just becoming acquainted with the 
field. 

The book closes with analysis of research 

. trends in homogeneous catalysis. Nitrogen 
fixation, C-H bond activation and CO 
hydrogenation are cited as well-studied 
areas in which the crucial discoveries have 
yet to be made. Other topics such as 
bimetallic catalysis are suggested as 

~ profitable areas for research. 

Homogeneous Transition-metal Cata- 
lysis will probably be used largely as a 
reference or introductory text for the 











industrial chemist working in this field. It 
may also be used in teaching graduate-level 
courses in catalysis or organometallic 
chemistry. The emphasis on understanding 
and on research should appeal to the 
student. 

Dr Masters has succeeded nicely in 
his objective to convey enthusiasm for 
homogeneous catalysis. It is a dynamic 
subject from both scientific and practical 
viewpoints and this emerges clearly from 
the text. The reader should be both 
stimulated and informed by perusal of this 
book. Ch 
PA ce E E E E 
G.W. Parshall is Director of Chemical Science 
in the Centrai Research and Development 
Department of E.I. du Pont de Nemours & Co., 
Wilmington, Delaware. His most recent book is 
Homogeneous Catalysis (Wiley, 1980). 


Illumination on the light reactions 


J. Barber 


Photosynthesis: Physical Mechanisms and 
Chemical Patterns, By Roderick K. 
Clayton. Pp.275. ISBN hbk 0-521-22300- 
0i 8; pbk ISBN 0-521-29443-6, (Cambridge 
University Press: 1981.) Hbk £17.50, 

$32.50; pbk £6.95, $11.95. 








CONSISTENT with Roderick Clayton’s 
outstanding talents as a scientist and 
author, I judge this, his latest book, as 
being first class. He has written a lucid and 
. well-structured text which makes 

marvellous reading for the expert and also 
will satisfy the requirements of non- 
specialists and students. He achieves this, 
in part, by ‘‘digressions’’ and by giving 
background “‘notes’”’ in an appendix. The 
overall effect is to pass on the excitement of 
an active scientist who, with the qualities of 
a talented teacher, instinctively takes the 
reader through logical developments 
calling on the basic laws of photophysics, 
photochemistry and thermodynamics 
wherever necessary. 

From the title it is clear that Clayton has 
concentrated on the “‘light reactions” of 
photosynthesis and consequently has 
restricted his discussion of carbon fixation 
(the ‘‘dark reactions”) to one short chapter 
at the end of the book. It is inevitable that 
in producing a modern text on the light 
reactions of photosynthesis he should not 
only deal with oxygen-evolving organisms, 
but also with photosynthetic bacteria. The 
book has been divided into four distinct 
parts, each consisting of several chapters. 
Part I gives a historical account which 
introduces the reader to the basic concepts 
of the light reactions, including the nature 
and properties of the pigments and the 
existence of different types of photo- 
systems. Part H then concentrates on the 
organizational aspects, while Part HI deals 
with the photochemistry and associated 
transfer of electrons and protons. Part IV 








is concerned mainly with photophosphory- 
lation. At the end of each chapter the 
author has listed a few selected references 
for further reading. Also, the background 
notes in the appendix cite other key work. 

Without any hesitation, I thoroughly 
recommend this book to specialists and 
non-specialists alike who have an interest in 
the more biophysical aspects of 
photosynthesis, whether it be from the 
research or the teaching point of view. I 
also think that those working in other areas 
of photobiology may find much of the 
basic substance of the book useful. C 
SN ea ee ee 
J. Barber is Professor of Plant Physiology in the 


Department of Pure and Applied Biology, 
Imperial College, University of London. 


Medical malacology 
Frank J. Etges 


Freshwater Snails of Africa and their 
Medical Importance. By David S. Brown. 
Pp.487. ISBN 0-85066-145-5. (Taylor & 
Francis, London/American Malacologists 
Inc., Melbourne, Florida: 1980.) £25, $55. 








David Brown is to be congratulated on 
writing an exceptionally fine treatise on the 
gastropod fauna of Africa, a reference 
book which will be set a standard of quality 
and content for many years. His stated goal 
of presenting a ‘‘comprehensive”’ account 
of this subject which will be of value to 
specialists and students of taxonomy, 
medical malacology and freshwater 
biology has surely been attained. This 
achievement is a tribute both to the broad 
experience of the author, and to the 
abilities of his many acknowledged 
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colleagues and consultants. Written by a 
single author, the book’s structure and 
style are unified and integrated to a degree 
that multi-author publications rarely 
achieve. 

Brown divides his subject matter into 12 
chapters, two of which form essentially the 
first half of the book and provide a syste- 
matic synopsis of African freshwater 
Snails; two short chapters cover snail-borne 
parasites of medical and veterinary impor- 
tance in Africa, and the remainder deal 
with ecological, physiological and bio- 
geographical aspects of snail biology, 
stressing snail hosts of schistosomes and 
approaches to snail population control. 

The synopsis of more than 300 gastro- 
pod species is efficiently and accurately 
presented, including carefully documented 
descriptions of morphological and 
ecological characteristics, plus (usefully) a 
brief statement of their parasitological 
importance as real or potential inter- 
mediate hosts. The text is thoroughly 
illustrated with 128 photographic plates, 
line drawings and distribution maps, all 
arranged to maximum advantage. Here, as 
in all chapters, a comprehensive, well- 
selected citation of literature stresses work 
done in Africa or on material of African 
origin; inclusion of a large number of con- 
tributions from publications in southern 
Africa will be of special interest to readers 
unfamiliar with the volume and quality of 
this body of literature. 

The two chapters on snail-borne 
parasites of medical and veterinary impor- 
tance concentrate on snail-parasite inter- 
relationships. The account of snails and 
schistosomes is, justifiably, given 
prominence since the impact of schisto- 
somiasis on human beings is so great, and 
because so much more data is available for 
discussion of this complex. One deficiency 
in this section is the omission of the human 
disease, heterophyosis (admittedly referred 
to in the systematic description of its snail 
host, Pirenella), in favour of veterinary 
parasites such as paramphistomes, and a 
potentially occurring human disease, 
angiostrongylosis. Overall, I felt that the 
parasitological section was disappointingly 
brief, seeming as it did to be included as a 
kind of (unnecessary) justification for the 
rest of the book. 

The remaining six chapters on 
ecological, physiological and biogeo- 


‘graphical aspects of African snails are 


excellent; particularly outstanding is that 
on the biology of the genus Bulinus, a 
subject of great complexity and interest to 
biomedical scientists. Completing the book 
are a unique appendix, in which major 
methods of field.and laboratory studies of 
snails and parasites are presented, and 
taxonomic and general subject indexes; I 
found the latter extremely useful and 
accurate, and reflective of the general 
editorial excellence of the book. a 





Frank. J. Etges is Professor of Parasitology at 
the University of Cincinnati. 
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POST DOCTORAL — 
RESEARCH POSITION 


for Biochemist-Cell Biologist 
available September 1, for two to 
three years, to identify, isolate and 
characterize insulin-like growth 
factor and Q -thrombin receptors. (J, 
‘Biol. Chem. Vol 256: 2767, 1981) 
from cultured cells and tissues. 


Experience in membrane protein 
chemistry, “monoclonal antibody 
production, and/or ligand receptor 
characterization is desirable but not 
essential. $15,000 to $20,000 yearly 
depending on qualifications, 


Send curriculum vitae and names 
of three references to Dr James F 
Perdue, Lady Davis” Institute for 
Medical Research -~ Sir Mortimer B 
Davis — Jewish General Hospital, 
3755 Cote St Catherine Road, 
Montreal, Que Canada H3T 1E2. 

; "  (NW760)A 
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FACULTY Position ~- Tenure track 
Assistant Professorship 
Eukaryotic Molecular Coll Biolog 
with interests in some facet o 
immunciogy. Preference will. be 
given te an individual who has 
potential for and commitment to 
developing an independent research 
program and who has an interest in 
and am aptitude for teaching: 
graduate, medical and dental 
students. Position available duting o. 
1981-82 academic year. Salary come iio 
mensurate with experience but moto 
less than: $26,000 fora twelve-month 
appointment. Applicants should. 
submit a letter outlining current and 
future research interests, curriculum: 6. 
vitae and bibliography and should. 
arrange for three letters of reference 
to be sent to: Dr Roy Cur 
Department of Microbiology 
SDB, The University of Alal 
Birmingham, Birmingham, 
35294, An Equal Opp 
Affirmative Action Employer. 
{NW 




















Colaiste na hOliscoile Corcaigh 
University College Cork 






IRELAND 
RESEARCH SCIENTISTS IN 
MICROBIOLOGY 


required to work onthe molecular Biology of Nitrogen Fixation.in Root 
Nodule Bacteria 


1 Geneticist/ Molecular 
Biologist 


preferably with a PhD to work on a project involving the genetic. 


engineering of root nodule bacteria. Capabilities in recombinant DNA 
technology would be an advantage but is not essential.as training will be 


provided. 


2 Microbiologist/ Microbial 
Physiologist 


preferably with a PhD degree, to work on the physiology and regulation of 


CO, metabolism in rhizobium. This position is tenable in the first instance 
for one year with the possibility of renewal for a further year. 


These positions are supported by the NBS and available from the tat 
October 1981. Salaries will be on the appropriate national scales (IR £6,234 
— post-doctoral max, including PRS!) with the point of entry negotiable. 


Applications, containing full career details and the names of two 
referees should be sent as soon as possible to Or. F. O'Gara, 
Microbiology Department, University College, Cork, lreland. fram 


whom further particulars are availabie. 
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MIDLAND CENTRE FOR 
NEUROSURGERY AND NEUROLOGY 


Electron 
Microscopist 


(Basic/Senior Science Graduate) 


Applications are invited from experienced graduate Electron 
Microscopists for this newly established post based in the 
Pathology Department of this specialist hospital. 


The Department, located in new accommodation, is well 
equipped with several microtomes (LKB, Reichert, Sorvall) and 
two electron microscopes (Siemens). 


The successful applicant will be expected to continue and 
develop the service, and research elements of the work in CNS, 
PNS and muscle pathology. He/she will be expected, and 
encouraged, to initiate and collaborate in research on an aspect 
of his/her choice. 


Whitley Council Conditions of Service applicable, and salary will 
be in accordance with previous experience/ qualifications. 


Intending applicants are welcome to visit the laboratory by 
appointment, please contact Dr M V Salmon, Neuropathologist 
— telephone 021-558 3232 Ext. 314. 


Application forms and job descriptions may be obtained 
by writing to the Hospital Secretary, Midland Centre for 
Nuerosurgery and Nuerology, Holly Lane, Smethwick, 
Warley, West Midlands. 


Closing date for receipt of applications 28th August 1981. 
(9221)A 
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| MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION CYTOGENETICS UNIT 


(MOLECULAR GENETICS SECTION) 
AND 
MAMMALIAN GENOME UNIT 


POSTDOCTORAL SCIENTIST 


Applications are invited for a SHORT-TERM NON-CLINICAL 
SCIENTIFIC post in this MRC Unit, tenable for 3 years. Candidates 
of immediately post-doctoral or equivalent status will be preferred. 


The appointee will join a group that is using new methods of analysis 
to map the human genome. Candidates should preferably have a 
knowledge of genetics, including somatic hybrid cell genetics, and 
DNA analysis, though this is not essential. Experience of leading a 
small research group would be an advantage. 


Remuneration will be at an appropriate point on the scales for 
university non-clinical academic staff. 


Further information may be obtained from Mr. Alasdair 
Douglas, MRC Clinical and Population Cytogenetics Unit, 
Western General Hospital, Crewe Road, Edinburgh EH42XU. 
Tel: 031-332 2471, with whom applications — including a full 
CV and the names and addresses of two professional 
referees — should be lodged by Monday, 12th October, 1981. 








(9239)A 














UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited for the post 
of research assistant (MRC funded) 
to work on the relationship between 
fibronectin, laminin, and collagen 
and the metastases of human 
carcinomas. The project will involve 
protein purification and immuno- 
chemical techniques. 


Candidates should have a degree 
(at least 2.ii) in Biochemistry or 
related disciplines and be available to 
start as soon as possible. 


Preference may be given to 
candidates with one or more years 
relevant postgraduate experience. 



















Applications are invited for the post 
~ of Postdoctoral Research Fellow to 
ooo work on an EEC-supported project 
“soon the effects of radiation on the 
blue-green algae (cyanobacteria). 
Applications from microbiologists, 
biochemists, geneticists, etc. 
“should be sent within 2 weeks to: 
Professor James A. Houghton, 
Department of Microbiology, 
University College, Galway, 
ireland. (9193)A 


hOllscoile Gaillimh BERLIN 
an Klinikum Steglitz 
sii ye a GALWAY IMMUNOLOGY RESEARCH 
UNIT WEOS 
TET T Position open for MD or PhD with 
: experience in Immunology. 
POSTDOCTORAL RESEARCH | Available for 3 years but can be 
FELLOW extended. The appointee will have to 


work on mechanisms of lymphocyte 
activation and regulation of immune 
response by activated cells. Salary 
approximately £10,000 per annum 
(minus tax), depending on 
experience, age and family status. 


Applications to Professor Dia- 
mantstein, Immunology Research 
Unit, Klinikum Steglitz, Freie 
Universitat Berlin, Hinderburg- 
damm 30, D 1000 Berlin 45/ 
Germany. (W389)A 


Salary will be on the range £5,285 — 
£6,880, dependent upon qualifica- 
tions. 

Applications, including CV and 
the names of two referees, should be 
sent to Dr D R Critchley, Department 
of Biochemistry, University of 
Leicester, University Road, Leicester 
LE17RH. (9219)A 


TUFTS UNIVERSITY 
SCHOOLS OF MEDICINE 
DEPARTMENT OF PHYSIOLOGY 


Leeds Area Health Authority (Teaching) 
Eastern District 
St James's University Hospital 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


Required to work full time on the regional neonatal hypothyroid 
screening programme, based in the Department of Chemical 
Pathology at St James’s University Hospital. 

Applicants should preferably be State Registered, but other 
candidates, especially those with degrees in the biological 
sciences will be considered. 

Further details are available from Dr R T Evans, tel. (0532) 33144 
ext. 5562, under whose direction the successful candidate will 
work; or from Dr. R. B. Payne on ext. 5560. 

Application forms (to be returned no later than Monday 
24th August 1981) available from the Personnel 
Department, Gledhow Wing, St James's University 
Hospital, Beckett Street, Leeds LS9 7TF. Tel: (0532) 33144 
ext. 5103/5851. (9228)A 





Tufts University has instituted a 
search for 
CHAIRPERSON 
Department of Physiology. The 
Department of Physiology is 
expected to be a center of research 
and scholarly excellence, as well as 
providing leadership in physiology 
instruction for the School of 
Medicine, School of Dentistry, 
School of Veterinary Medicine, and 
the Sackler School of Graduate 

Medical Science. 


Individuals interested in being con- 
sidered for this position should direct 
their letters to Dr Seymour Reichlin, 
Chairman, Physiology Search 
Committee, Box 275, New England 
Medical Center Hospital, 171 
Harrison Avenue, Boston MA 02111. 
Tufts has an affirmative action 
program, and encourages 
applications from women and 
members of minority groups. 

(NW7TDA 











UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 
HEAVY ION FUSION 
Applications are invited for a 
POSTDOCTORAL SENIOR 
RESEARCH 
ASSISTANTSHIP 


tenable for a period of three years 
from Ist October 1981. The 
successful candidate will participate 
in a programme of research devoted 
to semi-classical calculations of 
charge transfer processes, making 
use of the ALCHEMY quantum 
chemistry package on the Daresbury 
Laboratory computer. The research 
is to be directed towards the 
realisation of fusion by inertial 
confinement, an integral part of the 
Energy Programme. 


Initial salary in the range £6,070 — 
£7,700 plus USS. 


Applications (3 copies) naming 
three referees should be sent by 31 
August 1981 to the Registrar and 
Secretary, Science Laboratories, 
South Road, Durham DHI 3LE, 
from whom further particulars are 
available. (921A 





POSTODOCTORAL Fellow to 
conduct research in the area of 
peptide synthesis. Selected sequences 
and analogs of gastrointestinal poly- 
peptide hormones and plasma 
apolipoproteins are to be synthesized 
using an automated peptide 
synthesizer, Synthesized peptides will 
be used for structure-function studies 
and for raising and characterizing 
antibodies used in immunochemical 
studies. Appointee will be expected to 
collaborate with research 
biochemists and physiologists in 
Divisions of GI and Endocrine 
surgery and Lipid Research. 
Substantial postgraduate experience 
in peptide synthesis is required. 
Applicants should send curriculum 
vitae and references to: Dr R F 
Murphy, Department of Surgery, 
University of Cincinnati Medical 
Center, 231 Bethesda Avenue, 
Cincinnati, Ohio 45267. 
(NW774)A 
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Head of 


GI axo Group Research Ltd. 








MICROBIOLOGIST 


A vacancy has arisen for a graduate microbiologist to work in 
a small group developing mainly antimicrobial products for 
use in veterinary medicine. 





The work will involve antimicrobial testing of existing and 
novel compounds, kinetic studies on antimicrobials in vitro 
and in vivo, determinative microbiology and field and 
experimental study support. 


A minimum of a good honours degree is essential and 
preference will be given to candidates (male or female) who 
can offer relevant experience. Consideration may also be 
given to candidates with related experience in other fields. 


Walton Oaks is pleasantly situated in the Surrey countryside. 
Conditions of Employment include flexible working hours, a 
non-contributory pension and life assurance scheme. 


For application form (to the returned by 14 August) 
please telephone Tadworth 4444 Ext. 250 or write to 
Mrs. D. Pledge, Site Personnel Officer, Beecham 
Pharmaceuticals Research Division, Walton Oaks, 
Dorking Road, Tadworth, Surrey. (9186)A 


Beecham 
Pharmaceuticals 





Microbial Biochemistry 
Greenford, Middx. 


An experienced research scientist is required to manage a mult-disciplinary 
department of about 40 scientists and technical staff. The major disciplines in the 
department are biochemistry and microbiology. Research is at present concentrated 
on the search for selective techniques, often involving target enzymes, aimed at 
discovering novel biological activity of natural or synthetic origin. Current projects 
include work with bacteria, fungi and viruses, the design of automated assays and 
the study of biosynthetic pathways to identify pharmacologically active agents. 
Planned further development of ecology and fermentation groups will aid the search, 
in a diversity of habitats, for micro-organisms of possible biological or medicinal 
application and will optimise the production of any activity of interest. 


The successful candidate is likely to be aged 35-45 years and should have a proven 
innovative research record, together with administrative and communication skills, 
and the ability to motivate staff to a high standard of scientific achievement. 


Major company benefits include a company car, profit sharing bonus scheme, non- 
contributory pension scheme and relocation assistance if appropriate. 


Please write or telephone for an application form, or initially forward a full C.V. to: 


The Personnel Manager, Glaxo Group Research Limited, Greenford Road, Greenford, 
Middlesex. Tel: 01-422 3434, ext. 2568, quoting ref. U/381. 





































MOLECULAR 
GENETICS 
Ph.D's 


THE INTERNATIONAL PLANT RE- 
SEARCH INSTITUTE (PRI) invites 
applicants for its rapidiy expanding 
programs in advanced molecular 
genetics. Applicants with significant 
records of frontier achievements are 
invited to join a strong team of 
innovative scientific leaders in the 
pleasant San Francisco area. 

Send résumé with recent publications 
to: 


DIVISION OF MOLECULAR 
GENETICS, IPRI, 853 industrial 
Road, San Carlos, Calif. 94070. 
































Equal Opportunity Employer, M/F 
(NW780)A 





WHY NOT JOIN US AT 
THE FRONTIER OF 
TOXICOLOGICAL 

RESEARCH! 


The Food and Drug Administration’s National Center for 
Toxicological Research located in Jefferson, Arkansas has two 
exciting and challenging positions available. Both positions are 
in the Senior Executive Service with maximum salaries of 
$50,112. 


One position, the Associate Director for Research, involves 
serving as key advisor to the Center Director and directing a 
multidisciplinary scientific and professional staff engaged in 
research programs in the areas of chemistry, carcinogenesis, 
mutagenesis, teratogenesis, microbiology, immunology and 
biometry. The other position, the Associate Director for 
Chemical Evaluation, also involves serving as key advisor to the 
Center Director but requires the direction of a multidisciplinary 
scientific and professional staff engaged in coordinating the 
comprehensive toxicological evaluation of chemicals and 
related activities in the areas of pathology, nutrition and diet 
preparation, and animal husbandry. 


Both positions need individuals who have professional 
experience in directing broad scientific programs; ability to deal 
effectively with high level govarnmental officials, the scientific/ 
academic communities, national/international medical and 
health-related organizations and others; and the ability to 
implement equal employment opportunity programs. 
Applicants should have a doctorate in chemistry, biochemistry, 
physiology or related biological sciences and an international 
reputation in toxicology, chemistry, comparative metabolism, 
biochemistry, molecular biology, or related biological/ 
toxicological fields. 


If you feel you are qualified send a curriculum vitae to Jim 
Keady, Division of Parsonnel Management (HFA-440), 
Food and Drug Administration, Parklawn Building, Room 
9-90, 5600 Fishers Lane, Rockville, Maryland 20867. If you 
need more information cali Mr. Keady collect, on 301-443 
3634. 


These positions can also be filled by current commissioned 
officers of the US Public Health Service, or by former officers 
willing to rejoin the Corps. 








An Equal Opportunity Employer. (NW785)A 
INSTITUTE OF UNIVERSITY OF 
CHILD HEALTH 
HILI LIVERPOOL 
University of London CENTRE FOR 
POST DOCTORAL BIOMATERIALS RESEARCH 


RESEARCH SCIENTIST 


required for three year project 
(commencing October 1981 or as 
soon as possible thereafter) to 
investigate the immunological 
factors controlling tolerance to food 
antigens and their disturbance in 
diseases caused by food allergy. 
Initial salary within the range £7,442 
~~ £8,257 pa (inc. London Weigh:- 
ing) on scale LA for Research and 
Analogous Staff. 


Further information: Dr R J 
Levinsky or Dr M W Turner, Depar:- 
ment of Immunology, Institute of 
Child Health, 30 Guilford Street, 
London WCIN 1EH. Tel 01-242 
9789 Ext. 133/30/N. {(9225)A 





Applications are invited for the post 
of Senior Research Assistant in the 
Centre for Biomaterials Research. 
Candidates should hold or expect to 
receive their PhD. Work concerns the 
interaction between tissue and 
implanted Carbonaceous material. 


initial salary within the range 
£6,070 --- £6,880 per annum. 


Application forms and further 
particulars may be obtained from 
The Registrar, The University, PO 
Box 147, Liverpool L69 3BX, by 
whom completed forms should be 
received not later than 28th August, 
1981. Quote Ref. RV/856. 

(9202)A 





EUROPEAN MOLECULAR BIOLOGY LABORATORY 





Applications are invited for a position at the European Molecular 
Biology Laboratory Outstation on the Deutsches 
Elektronensynchrotron (DESY) site at Hamburg as 


HEAD OF OUTSTATION 


The EMBL Outstation has been established to facilitate the use for 
biological research of the very high-intensity X-ray beams that 
emerge from the synchrotron and its storage ring DORIS. The 
Outstation, whose activities the Head will direct, has a staff of 15 
and two functions, namely to provide services to visiting biologists 
wishing to use cynchrotron radiation and to carry out research in 
some important field of molecular biology to which techniques 
using high-intensity X-ray beams can make major contributions. 


Applicants should be molecular biologists who have extensive 
experience of, and have made substantial contributions to, research 
in biological applications of diffraction or scattering methods, or 
other X-ray techniques. Experience of synchrotron radiation 
research and the design and construction of physical instruments 
will be an advantage. Applicants should have experience of leading 
research teams and of the administration and managerial problems 
involved. Knowledge of German will be helpful. 


The salary offered to the successful candidate will be between DM 
6000 and DM 7500 monthly, after deduction of tax, in addition to 
which certain allowances are payable, depending on personal 


circumstances. 


Please write for an application form, quoting reference no. 
81/13, to: The Director General, EMBL, Postfach 10.2209, D — 


6900 Heidelberg, Germany. 


(W391)A 


ements imate tmnt E 


KING’S COLLEGE LONDON 
DEPARTMENT OF BIOPHYSICS 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a post- 
doctoral research assistantship to 
study the regulation of globin gene 
expression during the development of 
the frog, Xenopus laevis. Expertise in 
Molecular biology and a knowledge 
of vertebrate development would be 
beneficial. Post tenable for up to 3 
years from 1 October 1981. Salary in 
the range £6,475 — £7,700 pa plus 
£967 London allowance. USS. 


Apply in writing as soon as possible 
witha curriculum vitae and the names 
and addresses of two referees, to Dr 
R K Patient, Imperial Cancer 
Research Fund, Mill Hill, London 
NW7I1AD. (9205)A 





PHYSICIST OR 
PHYSICAL CHEMIST 


for developments of sensitive, optical 
methods for trace gas measurements 
in the atmosphere. 


Permanent position possible. 
Annual salary, depending on age or 
qualifications, in the range of 45,000 
— 55,000 DM. 


Curriculum vitae, summary of 
research interests, publication list 
and at least 3 references or letters of 
recommendations to be sent to Dr 
Paul Crutzen, Max-Planck-Institut 
fuer Chemie, Postfach 3060, D-6500 
Mains/West-Germany before 
September 12, 1981. (W390)A 





THE ROWETT 
RESEARCH INSTITUTE 


Bucksburn, Aberdeen AB2 9SB 


RESEARCH WORKER TO 
STUDY RED DEER 


Applications for an appointment in 
the Applied Nutrition Department of 
the Institute are invited. The work 
will be concerned with the elucidation 
of the nutrient requirement, of red 
deer kept under lowland farm con- 
ditions and their ability to meet these 
requirements from grazed pasture, or 
from conserved and other feeds. 


Applicants should hold a First or 
Upper Second Class Honours degree 
in Agriculture or a Biological 
Science. Previous experience of 
nutritional research, particularly 
with farm livestock or related to 
pasture utilisation, would be an 
advantage. 


The appointment will be as Scien- 
tific Officer (salary £4,809 to £6,480 
per annum) or Higher Scientific 
Officer (£6,075 to £7,999 per 
annum), grade and starting salary 
depends on experience. At least two 
years’ relevant post graduate 
experience is required for Higher 
Scientific Officer grading. 


There is a non-contributory 
pension scheme. 


Further details of the post may be 
obtained from the Secretary of the 
Institute, to whom applications 
should be submitted together with the 
names and addresses of two referees. 
Closing date 31 August 1981. 

(9233)A 
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MEDICAL RESEARCH 
COUNCIL 
Virology Unit 
Institute of Virology 
University of Glasgow 


CAREER (TENURE) OR SHORT 
TERM (3-5 YEARS) APPOINTMENT 


VIRUS 
GENETICIST/MOLECULAR 
GENETICIST 


Applications are invited for this Non- 
Clinical Scientific post which may be 
filled by either an MRC Career 
appointment (tenure to normal 
retiring age) or a Short-Term 
appointment of three (to five) years 
according to the age and experience 
of the successful candidate. A career 
appointment will be tenable at the 
MRC Virology Unit in the first 
instance. 


The Institute of Virology is seeking 
a senior scientist or alternatively a 
post-doctoral scientist with 
experience in Molecular Genetics, 
preferably (but not exclusively) with 
interests in herpesvirus and/or virus- 
specified enzymes. The appointment 
provides a unique opportunity to 
participate in a comprehensive and 
multi-disciplinary research 
programme centred on the Genetics 
and Molecular Biology of 
“Herpesviruses. The Institute provides 
excellent facilities and technical 
support for all types of biological, 
biochemical and recombinant DNA 
research. The successful applicant 
will be expected to collaborate with 
other members of the Institute whilst 
pursuing a vigorous and independent 
research programme within the 
general framework of research on 
herpesviruses as agreed with the 
Director. 


Remuneration will be at an 
appropriate point on the scales for 
University non-clinical Academic 
staff. Applicants should send a 
Curriculum Vitae giving full details 
of qualifications and experience and 
the names and addresses of three 
professional referees, to the MRC 
Unit Director, Professor J H Subak- 
Sharpe, Institute of Virology, 
University of Glasgow, Church 
Street, Glasgow G11 SJR. Applica- 
tions should be received by Friday, 
lith September, 1981. (9240)A 





KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a 
POST-DOCTORAL 
RESEARCH ASSISTANT 


financed by the Medical Research 
Council and tenable for up to 3 years 
commencing on Ist October, 1981 or 
__ a8 soon as possible thereafter. 


The starting salary will be £6,070 
plus £967 London Allowance. 


Research work will involve studies 
on Structure, Function and 
Biogenesis of Ribosomes from Yeast 
Mutants and Mechanisms of 
Antibiotic Resistance. 


Applications including a full 
curriculum vitae and the names and 
addresses of 3 referees to Dr Michael 
Cannon, Department of Bio- 
chemistry, King’s College London, 












logy contains the largest and most 
in the world. 


The successful candidate 
will carry out taxo- 
nomic research, 
particularly on parasitic 
wasps of the family 
Ichneumonidae and will be 
concerned with the 
improvement 

of the National Collec- 
tion of Insects through 
collecting, rearing and 
exchange. The work 
includes curatorial and 
supervisory duties. 

















Candidates should have a 
1st or 2nd degree, preferably 


ENTOMOLOGIST 


The British Museum (Natural History) is 
primarily an institution for taxonomic 
research and the Department of Entomo- 





comprehensive collection of insects 


specialising in Entomology at least 2 


British Museum (Natural History) sz» 





years postgraduate experience, including 
experience of current trends in 
systematics, such as mathematical and 
phylogenetic approaches, plus fleld 
experience. 


Appointment as Senior 
Scientific Officer £8,660 — 
£10,635 or Higher Scientific 
Officer €7,090 — £9,015. 
Level of appointment 
according to qualifications 
and experience. Salaries 
under review. 


For futher details and 
application form (to be 
retuned by 27 August 1981) 
write to Civil Service: 
Commission, Alencon Link, 
Basingstoke, Hants RGT 
148, or telephone 
Basingstoke (0256) 68551 
(answering service 
operates outside office hours). 
Please quote ref: $8/70/ OK. 





UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 


DEPARTMENT OF GEOLOGY 


LECTURER/SENIOR 
LECTURER IN 
STRUCTURAL GEOLOGY 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for the above post in the field 
of structural geology. Applicants 
should have a PhD degree and be 
fully conversant with modern 
developments in structural geology, 
and methods of structural analysis 
and their application. Although not a 


interest in the application of these 
techniques to mineralised terranes 
would be an advantage in view of the 
Department’s interest in minerali- 
sation in Archaean terranes and other 
mineralised provinces. 


The starting salary will be 
determined according to quali- 
fications and experience within the 
following ranges: Lecturer: R10,995 
— R19,230 pa. Senior Lecturer: 
R14,370 — R20,850 pa. 


Further details relating to this post 
and the attractive fringe benefits are 


obtainable from the London Re- 
presentative, University of the 
Witwatersrand, Chichester House, 
278 High Holborn, London WCIV 
THE, or from the Registrar 
(Staffing), University of the 
Witwatersrand, Jan Smuts Avenue, 
Johannesburg, South Africa 2001, 
with whom applications, including 
the names of three referees, should be 





Strand, London WC2R 2LS by 17th 
August, 1981. (9184)A 


lodged not later than Ist September 
1981. 214A 


prerequisite for appointment, an | 


included in an information sheet | 



























The Royal Marsden Hospital, 
Fulham Road, London SW3 


Cytogeneticist 


required immediately to work at the above postgraduate 
teaching hospital on a research project designed to study 
the relationships between chromosomes and prognosis in 
acute leukaemia. The post is funded by a grant from the 
Medical Research Council, and is for a period of three 
years. The salary is on the Basic Biochemical grade scale: 
£5,366 to £7,637 p.a. according to qualifications and 
experience. 


Application form from the Personnel Officer — Tel: 01-352 
8171 Ext: 446, 


Closing date 20th August 1981. 1235A 









CHURCHILL HOSPITAL 
DEPARTMENT OF MEDICAL GENETICS 


SCIENTIFIC OFFICER 


required in the Cytogenetics Laboratory, which provides a full 
range of cytogenetic and cell culture techniques, and is 
responsible for all diagnostic cytogenetics in the Oxford Region. 
Training could be given to a suitably qualified but inexperienced 
applicant. 
Applications, including the names and addresses of two referees, ; 
should be sent to Dr. Dick Lindenbaum, Department of : 
Medical Genetics, Old Road, Headington, Oxford OX2 7LE, 
within two weeks of the publication of this advertisernent. 
(9238)4 


OXFORDSHIRE AN EQUAL OPPORTUNITY EMPLOYER 


AREA HEALTH AUTHORITY (TEACHING) 







Yale University 
DIRECTOR 


PEABODY MUSEUM OF 
NATURAL HISTORY 


Applications are invited for the position of Director of the Museum at the rank of full 
professor, and with appointment (according to field} to the Departments of Biology, 
Geolagy and Geophysics or Anthropology. Yale University is seeking a scholar of inter- 
national reputation who will develop interdisciplinary research and teaching programs in the 
natural sciences through the Peabody Museum and the affiliated academic departments. 












Applications, including a curriculum vitae and the names of three references, should be sent 
to Professor Keith S. Thomson, Dean of the Graduate School of Arts and Sciences, Yale 
University, P.O. Box 1804A, Yale Station, New Haven CT 06520. Closing dates for 
applications ~ September 30, 1981. 











Yale University is an equal opportunity, affirmative action employer. 
(NW773)A 









LA TROBE UNIVERSITY 
Melbourne, Australia 
SCHOOL OF BIOLOGICAL SCIENCE 
DEPARTMENT OF GENETICS AND 
HUMAN VARIATION 
LECTURER IN GENETICS 

(FIXED TERM) 


A position is available for a lecturer 
with research experience in eukaryote 
gene structure and expression, 
possibly with an interest in 
development. Applicants should 
have a strong training in general 
genetics, and teaching in prokaryote 
genetics will be required. 


The appointee will be actively 
involved in research, including the 
supervision of honours and 
postgraduate students. The facilities 
of the Department include 
glasshouses, growth cabinets, 
constant temperature rooms, a Cl 
containment room, analytical and 
other centrifuges, and routine items 
of potential assistance for a 
molecular geneticist. 


Although negotiable, it is hoped 
that the appointee will commence 
duties early in 1982. 


This position is for a fixed term of 
four years. The University reserves 
the right not to make an appointment 
to the position. 


Salary: $A19,132 — $A25,132. 


Further information and 
application forms are available from 
the Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 


Applications close on 9th August 
981. (183A 





Research Institute 
Director 


The University of Nebraska Medical Center invites 
nominations and applications for the position of 
Director, Eppley Institute for Research in Cancer and 
Allied Diseases. The Institute is federally funded for 
research in chemical and environmental 
carcinogenesis. 










Recently new research support has been provided by 
the state. Qualifications include an earned doctorate, 
outstanding research accomplishments, and 
administrative skills, Responsibilities include 
administration and leadership of the Institute in 
developing and administering research programs. 








Applications and nominations, accompanied by 
a curriculum vitae and the names of three 
references, should be received by October 1, 
1881. Direct communications to: Dr. David T. 
Purtilo, Chairman of the Search Committee, 
University of Nebraska Medical Center, 5001 
Wittson Hall, 42nd and Dewey Avenue, Omaha, 
Nebraska 68105. 












THE UNIVERSITY OF NEBRASKA 
IS AN AFFIRMATIVE ACTION/EQUAL 
OPPORTUNITY EMPLOYER 







(NW779)A 





















SOUTH AFRICAN 
INSTITUTE FOR MEDICAL 
RESEARCH 
SERUM & VACCINE DEPARTMENT 

DEPUTY HEAD 


Applications are invited from 
suitably qualified Medical or Science 
graduates for the above post in our 
laboratories situated on the outskirts 
of Johannesburg. 


The incumbent will be responsible 
to the Head for the day to day 
running of the Serum and Vaccine 
Production units and must assume 
responsibility for the running of the 
department in the absence of the 
Head. 


Duties will, inter alia, include 
supervision of the administration of 
the department, which includes 
aerobic and anaerobic vaccine 
production units, a serum production 
unit, dispensing, blending and 
bottling unit, labelling and an animal 
house for small laboratory animals, 
research and development of new 
vaccines and equine antigens and the 
improvement of existing processes. 


In addition to a competitive salary, 
the following fringe benefits apply, 
namely, staff pension fund, 
subsidised medium aid scheme, 
annual service bonus (13th cheque), 
30 days’ annual leave and housing 
bond allowance, where applicable. 


A member of the Institute staff will 
interview applicants in London in the 
latter part of September or early 
October. All applications, including 
detailed curriculum vitae should 
reach the undermentioned by 31 
August 1981, in order that an inter- 
view may be arranged. 


Head: Personnel Services, 
SAIMR, PO Box 1038, 
Johannesburg, Republic of South 
Africa. Telephone: 011-725 0511 

(W388)A 








UNIVERSITY OF LONDON 
British Postgraduate Medical 
Federation 
CARDIOTHORACIC INSTITUTE 
CARDIAC MUSCLE RESEARCH 
UNIT 


PHYSIOLOGIST — 
POST-DOCTORAL 


A vacancy exists for a post-doctoral 
physiologist to work on a project 
utilising intracellular ion-selective 
microelectrodes in cardiac muscle. 
Previous experience in electrophy- 
siology would be an advantage. The 
appointee will work in a multidis- 
ciplinary team with extensive and 
varied research interests relating to 
the heart. 


Salary on appropriate point of 
postdoctoral Research Assistant 
scale 1A, currently £6,070 — £10,575 
+£967 London Weighting Allow- 
ance. The post is superannuable in 
the Universities’ Superannuation 
Scheme. 


Further details can be obtained 
from Dr Poole- Wilson (01-486 3043). 
Applications with full curriculum 
vitae, list of publications and names 
and addresses of three referees, to the 
Secretary, Cardiothoracic Institute, 2 
Beaumont Street, London WIN 
2DX. Closing date 28th August 1981. 

{9210A 
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enfections. 


(ARC) 


AGRICULTURAL 
RESEARCH COUNCIL 


A VETERINARIAN 


is required at I.R.A.D. to join a team investigating the role of 
virus and bacterial pathogens in the aetiology of outbreaks of 
diarrhoea in calves and piglets. 


Candidates must be members of the Royal College of Veterinary 
Surgeons; some bacteriological experience is essential and a 
higher degree would be an advantage. Experience in organising 
programmes of disease investigation on farms would be useful. 


The person appointed will be encouraged to collaborate with a 
team working on genetic and acquired resistance to E. coli 


Salary scale: Veterinary Research Officer £7,999 — £12,540 p.a. 
depending on age and experience (under review). Non- 
contributory pension scheme. 


Pa Application forms from: Secretary, Institute for 
Research on Animal Diseases, Compton, Nr. 


Newbury, Berks RG16 ONN quoting ref: 466. 
Ciosing date: 15/8/81. 












(9212)A 









In the Faculty of Technical and 
Natural Sciences (Technisch- 
Naturwissenschaftliche Fakultat) 
of the Johannes Kepler 
University, Linz, Austria, the 
position of a full 
PROFESSOR IN BIOPHYSICS 
is vacant 
The candidate for this post will be 
expected to devote his research 
activites to experimental membrane 
biophysics as his main effort. His 
teaching should be focussed on 
courses, which enable graduate 
students. in physics, chemistry, 
computer sciences and mathematics 
to acquire knowledge in biophysics. 
Applicants should be proficient in 

German. 


Applications including a 
curriculum and a list of publications 
should be sent before October 30th, 
1981, to the Dean (Dekan) of the 
Faculty, Altenbergerstr. 69, A-4040 
Linz, Austria. Dean Prof Dr Bruno 
Buchberger. (W394 A 





RESEARCH TECHNICIAN 
(Grade 3) 


Applications are invited from 
suitably qualified persons interested 
in working on DNA gyrase and the 
enzymology of DNA supercoiling in 
bacteria and eukaryotes. Experience 
in the techniques of DNA bio- 


chemistry, protein chemistry or. 


enzymology an advantage. This post, 
funded by the Cancer Research 
Campaign, commences on or around 
12 October and is renewable annually 
for up to three years. Salary in the 
range £4,672 — £5,473 plus £1,027 
London Allowance. 37'4 hour week, 
Monday to Friday. Five weeks’ 
annual holiday. Superannuation 
scheme. 


Apply in writing by September 7 
1981, with a curriculum vitae and the 
names and addresses of two referees, 
to Dr L M Fisher, Laboratory of 
Molecular Biology, Building 2, 
Room 322, National Institutes of 

co Wealth, Bethesda, Maryland, USA 
= 20208. (NW783)A 





UNIVERSITY OF ABERDEEN 
POST-DOCTORAL 
RESEARCH FELLOW 
(supported by 
The British Heart Foundation) 


Applications are invited for the 
above post, tenable for a maximum 
of three years, from protein 
biochemists to work on the structure 
of fibrin and fibrinogen in human 
atherosclerotic plaques, one aspect of 
a long-term research programme on 
atherosclerosis for which the 
Research Fellow will take major 
responsibility. Experience in modern 
methods of protein separation 
essential, 


Salary on range 1A scale, starting 
point up to a maximum of £6,985 per 
annum, with appropriate placing, 


Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 21 August 1981. 

(9210)A 





INSTITUTE OF 
CHILD HEALTH 
University of London 
ELECTRON MICROSCOPY 
SCIENTIFIC OFFICER 


required to work with a group 
investigating pulmonary vascular 
disease in children. Applicants 
should have experience in fixation of 
human tissue and preparation and 
staining of ultrathin sections for 
examination in a Transmission 
Electron Microscope. Some know- 
ledge of immunolabelling techniques 
for light and electron microscopy 
would be an advantage. 


Whitley Salary Scales for Medical 
Laboratory Scientific Officers, 
according to age, qualifications and 
experience. 


Application forms may be 
obtained from Miss Janet Keeble, 
Administrative Assistant (203906), 
Institute of Child Health, 30 
Guilford Street, London WCIN2EH 
(telephone 01-242 9789) N. 

(9224)A 




























































CSIRO AUSTRALI 


Research Scientist 
(Research Fellow) 


Division of Mineral Chemistry 
Port Melbourne, Victoria 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 7,400 
employees — 2,500 of whom are research and professional scientists 
— located in Divisions and Sections throughout Australia. 

Field: Hydrometallurgical Treatment of Gold Ores. 

General: The Division conducts research in the fields of 
extractive metallurgy, electrochemistry, surface chemistry, and solid 
state chemistry. With the objective of develeping improved methods 
of treating Australian gold ores, the Divisior is undertaking a 
research project on novel leaching methods for recovery of gold and 
silver. 

Duties: To conduct investigations into novel gold and silver 
recovery processes. In particular, to study the chemical and 
mineralogical factors which effect the dissolution rate and extraction 
of these metals from ores. 

Qualifications: PhD or equivalent in an appropriate branch of 
chemistry, chemical metallurgy, or chemica! engineering. 

Salary: Research Scientist (Research Fellow) $419,662 — 
$A24,100 p.a. 

Tenure: Two years initially. Superannuation benefits available. 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least two 
professional referees, and quoting reference number M9563 should 
reach: The Personnel Officer, Australian Scientific Liaison Office, 
Australia House, Strand, London WC2B 4LA by 28 August 1981. 
Applications in USA and Canada should be sent to: The Counsellor 
Scientific, Embassy of Australia, 1601 Massachusetts Avenue NW, 
Washington DC 20036. 

Current vacancies in CSIRO appear on PRESTEL page pone 
{ ja 
















Molecular Biologists) 





Enzo Biochem, inc. of New York is seeking 
qualified scientists to join its research program in 
recombinant DNA. We are interested in persons 
who have at least two years of specific recombinant 
DNA research. The growth of Enzo’s activities in this 
area have created the need for several Ph.D. level 
scientists. 


The recombinant DNA division is cloning and 
sequencing genes both from mRNA and from ge- 
nomic DNA. We are also developins new cell and 
vector systems designed to improve the level of ex- 
pression of cloned genes in several bacterial species 
as well as in yeast and plants. 


Our new research facilities are located in New 
York's Soho district. This is a pleasant and superbly 
“urban” neighborhood. We are an equal oppor- 
tunity employer M/F. 


Persons interested should send a copy of their 
resume to: 
Personnel Department, Enzo Biochem, Inc. 
325 Hudson Street, New York, New York 10012 


INW7S2)A 
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AGRICULTURAL ZOOLOGIST 
SENIOR/HIGHER/SCIENTIFIC OFFICER 


£4,809 — £9,619 (under review) 


Age limit: Applicants must not be more than 55 years of 
HAA Pn the closing date lie born on or after 20th August 


Ciosing date: 20 August 1981 
Job Ref. SB 81/81/NN Tel. ext 256 


DEPARTMENT OF AGRICULTURE (NORTHERN IRELAND) 
AGRICULTURAL ENTOMOLOGY RESEARCH DIVISION 


The appointment will be at Senior Scientific Officer, Higher 
Scientific Officer or Scientific Cfficer level. 


The successful applicant will be expected to conduct both basic and 
applied research in the field of Agricultural Entomology and/or 
Plant Nematology and may also be responsible for the provision of 
specialist advice. 


Experience in the use of electrophoretic techniques is desirable but 
not essential. 


The successful applicant may also be tequired to undertake 
teaching duties in the Faculty of Agriculture and Food Science, The 
Queens University of Belfast. 


Senior Scientific Officer 

Applicants must possess a first or second class honours degree in 
Zoology, Agricultural Zoology or a related subject and at least 4 
years’ appropriate post graduate experience in a relevant field. 


Higher Scientific Officer 
Applicants must possess an honours degree as above and at least 2 
years’ appropriate post graduate experience in a relevant field. 


Scientific Officer 
Applicants must possess an horours degree as above. 


The Civil Service Commissioners may decide to interview only those 
applicants who appear from the information available, including 
level of academic attainment and relevant experience to be best 
qualified. 


Salary Scales (under review) 


Senior Scientific Officer £7,644 — £9,619 
Higher Scientific Officer £6,075 —- £7,999 
Scientific Officer £4,809 — £6,480 


In addition there is a non-contributory pension scheme apart from a 
1% % deduction from salary to cover widow’s benefits in the case of 
male officers. 


Grading and starting salary wili be related to qualifications and 
experience. 


The post is open to both men and women. Please write or telephone 
for an application form (using the extension number indicated and 
quoting the job reference) to the Civil Service Commission, 
Rosepark House, Upper Newtownards Road, Belfast BT4 3NR 
(telephone Dundonaid 4585). Completed forms must be returned to 
arrive not later than the closing date stated. (9187)A 


NORTHERN IRELAND 
CIVIL SERVICE 








NATIONAL BIOLOGICAL STANDARDS BOARD 
DEPARTMENT OF VIRAL PRODUCTS 


POST DOCTORAL SCIENTIST 


An opportunity has arisen for a research scientist to join a group 
working at the Institute on the genetic structure of polioviruses with 
particular reference to studies of poliovaccines used in man. 

The appointment is of a three year duration only and is suitable fora 
candidate who has recently competed a PhD degree in a relevant field. 


The successful candidate should have experience in virology and/or 
nucleic acid biochemistry. 

The salary payable is in accordance with qualifications age and 
experience on scale £7,037 — £10,717 p.a. inclusive. 

Application forms and further details from Personnel Officer, 
N.1.B.S.C., Holly Hill, Hampstead, London NW36RB. Telephone 
01-435 2232, quoting reference n.o. SG 293. Closing date 28 


t 1981. (Informal enquiries please contact Dr. G. Schild). 
Augus {infor q p ‘cone 











THE UNIVERSITY OF LEEDS 
DEPARTMENT OF 
; BIOCHEMISTRY 
Applications are invited for a post of 

POSTDOCTORAL 

RESEARCH FELLOW 
and a post of 
PREDOCTORAL 
RESEARCH ASSISTANT 

in the above Department for work on 
an MRC funded project on molecular 
organisation and expression of 
androgen-responsive genes. 
Candidates for the post of Research 
Fellow should have, or shortly expect 
to have a PhD, together with 
experience in Molecular Biology, 
Recombinant DNA Technology or 
related areas. For the post of 
Research Assistant, a good honours 
degree in Biochemistry, Genetics, 
Microbiology or a related subject is 
required and laboratory experience 
would be an advantage. 
Both posts available from 1 October 
1981 for a fixed period of up to three 
years. Salary on the IA Scale for 
Research and Analogous Staff 
{Research Fellow) (£6,070 — 
£10,575), or the IB Scale (Research 
Assistant) (£5,285 — £7,700), 
according to age, qualifications and 
experience. 
Informal enquiries may be made to Dr 
S J Higgins. Telephone Leeds 31751 
ext. 7439. 
Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference number 
83/37/D. Closing date for 
applications 28th August 1981. 
(9204)A 

















THE ROWETT 
RESEARCH INSTITUTE 
Bucksburn, Aberdeen AB2 9SB 
DEPARTMENT OF 
MICROBIAL BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a post- 
doctoral research assistantship to 
join a team undertaking research on 
the enzymatic conversion of the 
carbohydrates of straw into soluble 
sugars. Initially the work will be 
concerned with the isolation of 
mutant strains of fungi with 
improved capacities for producing 
polysaccharide-hydrolysing enzymes. 


The project is funded in part by the 
Commission of the European Com- 
munities and this appointment will be 
for a period of two years in the first 
instance, with probable extension to 
three years. The post will be 
supported by non-graduate assistants. 


Candidates should have a good 
Honours degree and a PhD degree 
and relevant experience in micro- 
biology, preferably including isola- 
tion of mutants. 


Starting salary, depending on 
qualifications and experience, will be 
in the range £6,075 to £6,683 per 
annum (scale currently under 
review). Superannuation Scheme. 


Applications, including curriculum 
vitae and the names of two referees, 
should be sent to the Secretary of the 
Institute, as soon as possible. 








(9234)A 





| SENIOR PROFESSORSHIP iN | 
INORGANIC CHEMISTRY 


Professor, University of Florida, 
inorganic chemistry, with an 
active program in internationally 
recognized inorganic chemical 
research. Teaching duties may 
include undergraduate and 
graduate level inorganic courses. 
Top-level salary with major 
departmental research support. 


Preferred starting date: August, 
1982. Direct inguiries or 
applications to Professor Harry H 
Sisler, Chairperson of Search 
Committee, Department of 
Chemistry, University of Florida, 
Gainesville, FL 32611. 


Applications should include 
complete curriculum vitae, biblio- 
graphies of publications, 
indication of on-going and 
probable future research 
interests, and a list of three or 
more references who wil be 
asked to supply letters of recom- 
mendatin (a university personnel 
requirement). The University of 
Florida is an Affirmative Action/ 
Equal Employment Opportunity 
Employer. Application deadline: 


| November 15, 1981, (NW766)A | 


TUMOR IMMUNOLOGY 


PRE/POSTDOCTORAL 


position available immediately. 
Monoclonal Ab, characterization for 
human tumor Ag. 


Send CV, three ref to; Dr Daniel 
Eskinazi, USC, PO Box 77912, GER 
323, Los Angeles, CA 90007 
EOE/MFH (NW765)A 














UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 
and 
SOUTH AFRICAN 
INSTITUTE FOR MEDICAL 
RESEARCH 
CHAIR OF CLINICAL 
BIOCHEMISTRY 


Applications are invited for appoint- 
ment to the above post on the joint 
staff of the University and the 
Institute in the School of Pathology. 
Although preference will be given to 
medically qualified persons, 
applicants with a non-medical 
background will also be considered. 


The salary attached to the post is 
R29 190 per annum and in certain 
circumstances there is provision for 
generous remuneration for approved 
overtime duties. 


The appointment will be made on 
University conditions of service but 
provision exists for the successful 
applicant (if already a member of the 
Institute staff) to elect to remain on 
Institute conditions. 


Intending applicants should obtain 
the information sheet relating to this 
post from the London Representa- 
tive, University of the Witwaters- 
rand, Chichester House, 278 High 
Holborn, London WCIV 7HE, or 
from the Registrar (Staffing), 
University of the Witwatersrand, Jan 
Smuts Avenue, Johannesburg, South 
Africa 2001, with whom applications 
should be lodged not later than 31 
August 1981. QG213A 
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ASSOCIATE PROFESSORSHIP (C3) 
WITH TENURE AVAILABLE AT THE 
INSTITUTE OF NEUROBIOLOGY 
DEPARTMENT OF BIOLOGY 
UNIVERSITY OF HEIDELBERG 
(EOAAE) 


Candidates should be experienced in developmental and/ or cell 
biological research and interested in genetic, biochemical and/or 
celiphysiological studies of higher nervous systems. 


The position includes participation in teaching biology. 


Send (until October 15, 1981) application including 
curriculum vitae and publication list to: Dr. Melitta 
Schachner, Institut Fuer Neurobiologie, Im Neuenheimer 
Feld 504, 6900 Heidelberg, Fed. Rep. Germany. 
















(W393) A 





THE UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF PHYSIOLOGY 
FACULTY OF MEDICINE 
AND DENTISTRY 


Applications are invited for the post 
of Research Fellow 1A to work on the 
role of phospholipases in the control 
of membrane properties of skeletal 
muscle. Applicants should have 
experience in membrane bioche- 
mistry or enzymology. 


Salary £6,070 — £10,575 with 
superannuation. Maximum starting 
salary £6,880. Post supported by the 
Wellcome Trust for three years. 


Further information from Dr 
ME Smith, Physiology, 021-472 1301 
ext. 244. 


Applications (three copies) to 
Assistant Registrar, Medical School, 
Birmingham B15 2TJ by 22nd 
August 1981. Quote Ref. RF/Phys/ 
581. (9222)A 





UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
LECTURER IN PHYSICS 


Applications are invited for the 
position of Lecturer in the 
Department of Physics. The 
Department has recently accepted 
responsibility for teaching some of 
the courses in Computer Science 
(most of which are taught by the 
Computing Centre staff) and will 
shortly increase teaching of 
electronics and microelectronics at 
postgraduate level. Consequently 
preference will be given to candidates 
with strengths and experience in these 
areas. 


The appointee will be expected to 
pursue research in one of the fields 
currently pursued in the Department 
(atomic and laser physics, radio and 


space physics, environmental and. 


applied physics), or in electronics. 
The Department has recently 
occupied a well-appointed, modern 
building and has several mini and 
microcomputers for teaching and 
research. 


Salary: NZ$19,140 — NZ$23,520 
per annum. 


Further particulars are available 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF, or from the Registrar, PO Box 
46, Dunedin, New Zealand. 


close on 30 
{(9217)A 


= Applications 
September 1981. 











NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


PHYSICAL SCIENCES 
DEPARTMENT 
A GRADUATE 


is required to work for 18 months on 
the effect of heat on the proteins and 
enzymes of human milk. The work 
involves a study of the kinetics of 
their heat denaturation to improve 
knowledge of the effects of 
pasteurisation treatments on human 
milk. 


Qualifications: First or Upper 
Second Class Honours degree in bio- 
chemistry or food science. 


Appointment, for a limited period 


of only 18 months, will be as 
Scientific Officer; current salary 
scale £4,809 to £6,480, 


Application forms are obtainable 
from the Secretary, NIRD, Shinfield 
Reading RG2 9AT. Quote reference 
81/22 


Closing date: 14 August 1981 
(9162)A 








9%) Royal Postgraduate 
ʻi Medical School 


(University of London) 
CLINICAL 
PHARMACOLOGY 
TECHNICIAN 
required to join a group 
investigating cell surface 
receptors that regulate mast cell 
degranulation. Duties will in- 
clude measurement of mediator 
release, adenylate cyclase 
activation, methylation of 
membrane lipids, and quantita- 
tion of surface receptors by 
radio-ligand binding. 
Applicants should have a 
degree or HNC in biochemistry 
or an appropriate subject. 
Experience in the following an 
advantage: handling of 
radiolabelled compounds, 
receptor pharmacology, cell 
culture, immunology, but 
training will be given, The post 
is funded by the Wellcome 
Trust for 3 years with possible 
renewal for a further 2 years. 
Salary on the scale £5,427 — 
£5,914 inclusive of London 
Allowance a year (under 
review). 
Application forms and further 
details are available from the 
Personnel Office, Roya! Post- 
graduate Medical School, 150 
Du Cane Road, London W12 
OHS quoting reference number 
20/305. (9226)A 
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culture systems. 


Calgary, Alberta 


PROFESSORSHIP in the Clinical 
Smell and Taste Research Center at 
the University of Pennsylvania. 
Established scientist working in 
olfactory neurophysiology in 
Physiology and/or Otorhinolaryn- 
gology Department. Based in VA 
Hospital. Preferably with an MD 
degree. Write to Dr James B Snow, 
Jr, Department of Otorhino- 
laryngology and Human Communi- 
cation, Sth Floor Silverstein, 
Hospital of the University of Penn- 
sylvania, Philadelphia, Pennsylvania 
19104 and provide three letters of 
reference. The University of Pennsyl- 
vania is an Equal Opportunity/ 
Affirmative Action Employer. 
(NW75DA i 


UNIVERSITY 
OF CALGARY 


ALBERTA HERITAGE 
MEDICAL FOUNDATION RESEARCH 
POSITIONS IN ENDOCRINOLOGY 


The Endocrine Research Group at The University of 
Calgary, Faculty of Medicine, Calgary, Canada, will 
be seeking up to four new faculty members over the 
next two years. Although junior faculty positions are 
envisioned, applications from more senior investigators 
will be considered. Preference will be given to those 
interested in molecular or clinical endocrinology with 
expertise in recombinant DNA technology, peptide 
synthesis and/or microsequencing, membrane chem- 
istry or in the study of hormone action in tissue 


Enquiries, including a complete curriculum vitae and 
at least two personal references, should be directed to: 


Dr. Y. Lefebvre, Head 
Endocrine Research Group, Faculty of Medicine 
Health Sciences Centre 2961 
The University of Calgary 
3330 Hospital Drive N.W. 
T2N 4N1 































UNIVERSITY of 
Rheumatism Research 
Laboratory Research Technician 
Grade 3 required for Clinical 
Pharmacology Unit, Royal Bath o 
Hospital, Harrogate, North.» 
Yorkshire, The work will include 
biochemical and drug assays in 
biological fluids. Applicants must 
have at least ONC or equivalent 
qualification, and previous 
laboratory experience. The 
appointment will be for 2 vears 
initially from Ist October 1981- 
Salary scale £4,672 ~— £5,473, 
Applications giving details of age, 
education and experience to D 
ME Pickup at the Harrogate address, 
(DIORA 






















1981. 







TEMPORARY LECTURER 
GRADE II IN MICROBIOLOGY 
(£6,462 — 


Applications are invited fora Temporary appointment starting 
on 1 September 1981 (or as soon as possible after that date), 
for two academic terms ending on 30 April 1982. Applicants 
should have a first degree and post graduate experience in 
Microbiology or a closely related subject. 


Further details and form of application from the Assistant 
Director (Administration) Trent Polytechnic, Burton 
Street, Nottingham NG1 4BU. 


TRENT 


POLY TECHNIC 
NOTTINGHAMI 










£10,431) 


Closing date 10 August 
(218814 





TRANSGENE 
STRASBOURG — FRANCE 


TRANSGENE was launched by leading industrial and 


financial French groups. 


TRANSGENE carries out high level research oriented towards 
applications of medical and industrial importance. 


TRANSGENE is now expanding its laboratory and invites 


applications from: 


MOLECULAR GENETICISTS 


EXPERTS IN RECOMBINANT DNA 


TECHNIQUES AND CHEMICAL 
SYNTHESIS OF DNA 


IMMUNOLOGISTS 


from the post doctoral level to group leaders to join its first 
team of highly qualified scientists. 


Expertise in the use of Bacillus subtilis, Yeast and Eucaryotic 
cells as cloning systems is of special interest. 


Salaries will be competitive and commensurate with 


qualification. 


Knowledge of French is not necessary. 


STRASBOURG is a pleasant historical town, located in the 
heart of Europe, very close to GERMANY and SWITZERLAND. 


The laboratory is located on the University campus and enjoys 
close contacts with well known groups in fundamental research, 


Fer confidential consideration, send a CV, a list of 
publications and indication of salary requirements to: 


TRANSGENE S.A. 
attn J-P LECOCQ 


B.P 
67028 STRASB 


. 146 
OURG CEDEX 








MONASH UNIVERSITY 
Melbourne, Australia 
DEPARTMENT OF BIOCHEMISTRY 
FIXED TERM (3 YEAR) 
LECTURER 


Applicants with PhD invited to 
undertake teaching duties to science 
and medical students, and participate 
in the ongoing research programme 
into the biogenesis of mitochondria. 
Candidates should have a general 
background in biochemistry with 
research experience in technique of 
molecular biology such as DNA 
cloning and sequencing. 


Applicants with experience in yeast 
studies preferred, but this is not 
essential. Enquiries to Professor A W 
Linnane FRS, FAA in the University. 
Salary: $A19,821 — $A26,036 pa. 


Applications including Ref ao 
30212, curriculum vitae and 3 
referees to the Registrar, Monash 
University, Clayton, Victoria 3168, 
Australia with copy to the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF by 
14/8/81, Conditions of appointment 
can be obtained from the 
Association. (9201IA 


GEOPHYSICIST 


Faculty position for 12-month, 
tenure-track appointment. A sea- 
going marine seismologist with 
interests in seismic reflection, 
refraction or microseismicity is 
sought. Candidates with strong 
backgrounds in non-marine 
seismology or other branches of 
marine geophysics will also be 
considered. Duties include 
maintaining active research 
programs and obtaining outside 
funding, teaching graduate courses 
and supervising graduate students. 
Rank is Associate Professor. 


Applicants who meet all 
requirements, but have less 
experience than than is normally 
required for Associate Professor 
rank, will be considered for 
appointment at the rank of Assistant 
Professor. Salary $24,000 to $37,000, 
commensurate with experience. 


Send résumé and names of three 
references by 1 October 1981 to 
G Ross Heath, Dean, School of 
Oceanography, Oregon State 
University, Corvallis, Oregon, 97331. 
OSU is an Affirmative Action/ 
Equal Opportunity Employer. 

(NW789)A 








LOTHIAN REGIONAL 
COUNCIL 
NAPIER COLLEGE OF 
COMMERCE AND 
TECHNOLOGY 
SENIOR LECTURER A 
IN CHEMISTRY 
Salary on Scale: 
£11,112 — £12,367 (Bar) — £14,019 
required in the Department of 
Chemistry to promote the research 
and consultancy interests of the 
Department and a knowledge of 
instrumental methods of analysis 
and the computer control of such 
instruments would be of particular 
interest. In addition, the Senior 
Lecturer would be expected to 
share the administrative load of the 
Department and take part in the 
further development of the BSc 
Applied Chemistry Course. 
Applicants should possess an 
Honours Degree and/or equivalent 
professional qualifications, 
together with a Higher Research 
Degree and must have substantial 
relevant research and teaching 
experience. Recent Industrial 
experience would be an added 
advantage. 
Application forms and further 
particulars from: The Administra- 
tive Officer (Personnel), Napier 
College of Commerce and Tech- 
nology, Colinton Road, Edinburgh 
EH10 SOT, Closing date: 28th 
August 1981, (9206) A 















UNIVERSITY COLLEGE 
LONDON 
Holmbury St Mary 
Dorking, Surrey 
DEPARTMENT OF PHYSICS 
AND ASTRONOMY 
MULLARD SPACE 
SCIENCE LABORATORY 


Three postdoctoral research assis- 
tantships financed by the Science and 
Engineering Research Council and 
commencing on or after 1 October 
1981 are available to space scientists 
to participate either in the 
development of imaging detectors for 
use at X-ray and optical wavelengths, 
or in a programme of research into 
the physics of plasmas near the Earth, 
including the analysis of data from 
the ESA GEOS spacecraft and the 
preparation of instruments for the 
Giotto Comet Halley Flyby and 
Ampte spacecraft. Commencing 
salary in the range £6,070 — £7,700 
plus USS membership. 


Application, with curriculum vitae 
and the names of two referees, should 
be made to Professor R L F Boyd 
CBE, FRS, at the above address. 

(9190)A 





RESEARCH ASSOCIATE 
$16,000 


Effective immediately PhD in 
biochemistry or molecular biology. 
Experience necessary in area of 
molecular biology, particularly in 
recombinant DNA work. Project 


involves carcinogengenome inte- 
ractions. Send curriculum vitae and 
three letters of reference to: Dr. 
Edward Bresnick, Department of 
Biochemistry, University of 
Vermont, Burlington, Vermont 
05405. {NW787 


















UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a post of 
RESEARCH ASSOCIATE 


for one year (but may be extended) tc 
join a group working on characterisa- 
tion of muscle protein and muscle 
nerve interaction. The post involve: 
producing and characterising mono- 
clonal antibodies to myofibrilla: 
proteins and is supported by a gran! 
from the Muscular Dystrophy Groug 
of Great Britain to Professor S V 
Perry. Research experience in protein 
chemistry and acquaintance with 
tissue culture techniques will be an 
advantage. 


Salary within the range £5,285 — 
£6,070 depending on age, qualifica- 
tions and experience. 


Applications (2 copies) naming 2 
referees should be sent by 31st August 
to Miss J Nelson, Senate Registry, 
University of Birmingham, PO Box 
363, Birmingham B15 2TT, from 
whom further particulars may be 
obtained. (9220)A 





RESEARCH TECHNICIAN 


Position available immediately. 
Applicants should have several years 
experience in recombinant DNA 
technology and electron microscopy 
of nucleic acids. This is a grant 
sponsored position. 


Applications should be sent to: Dr 
R G Deeley, Department of Bioche- 
mistry, Queens University, c/o 
General Delivery, Watertown, New 
York 13601, (613) 547-2843. 
(NW775)A 





SOUTH AFRICAN 
INSTITUTE FOR 
MEDICAL RESEARCH 
PATHOLOGISTS/SCIENCE 
GRADUATES 


Applications are invited for posts in 
Histopathology, Microbiology, Hae- 
matology, Clinical Biochemistry, 
Immunology, Tropical Pathology 
and Human Genetics. Some of the 
vacancies are within the School of 
Pathology, and these are joint posts 
on the establishment of the Institute 
and the University of the Wit- 
watersrand. Others are research posts 
in special fields. 


In addition to a competitive salary, 
the following fringe benefits apply, 
namely, staff pension fund, 
subsidised medical aid scheme, 
annual service bonus (13th cheque), 
30 days’ annual leave and housing 
bond allowance, where applicable. 


A member of the Institute staff will 
interview applicants in London in the 
latter part of September or early 
October. All applications including 
detailed curriculum vitae should 
reach the undermentioned by 31 
August 1981, in order that an 
interview may be arranged. 


Head: Personnel Services, 
SAIMR, PO Box 1038, Johannes- 
burg, Republic of South Africa. 
Telephone: 011-725-0511. 

(W387)A 
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RECOMBINANT DNA 
TECHNOLOGIST 


Technicians with BA or MS with experience in: 


1. Bacterial culture and phage growth. 

2. Nucleic acid isolation and purification. 

3. Gel electrophoresis, radioactive labelling and hybridization 
of nucleic acids. 


4, Molecular cloning (cDNA and/or genomic DNA cloning). 


Send Résumé to: 

Applied Molecular Genetics, Inc. 
1892 Oak Terrace Lane, 

Newbury Park, CA 91320, 

(805) 499-3617. 


Equal Opportunity Employer. 





(NW777))A 





UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
LECTURESHIP (SCIENCE) 
IN ORAL BIOLOGY 


Applications are invited for 
appointment to a Lectureship 
(Science) in the Department of Oral 
Biology in the Faculty of Dentistry. 
The successful applicant will have 
interests and experience appropriate 
for research and teaching in oral 
microbiology and his/her principal 
purpose is the development of 
collaborative research with clinical 
staff in the School of Dentistry. In 
addition, some teaching at 
undergraduate and postgraduate 
levels is expected. 


Salary; NZ$19,140 — NZ$23,520 
per annum. 


Further particulars are available 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF, or from the Registrar, PO Box 
56, Dunedin, New Zealand. 


close on 30 
(921A 


Applications 
September 1981. 











HARVARD SCHOOL OF 
PUBLIC HEALTH 
DEPARTMENT OF BIOSTATISTICS 
PROFESSOR 


Applicants from the fields of 
Biostatistics, Applied Mathematics 
or Biomedical Computing are invited 
to apply. Candidates should be 
outstanding scholars of international 
reputation who have made distingui- 
shed contributions to be biomedical 
sciences. The individual selected for 
this tenured position is expected to 
initiate and lead a significant research 
program and participate in the 
teaching programs of the depart- 
ment. 


Send a curriculum vitae, statement 
of current and future interests and the 
names of five individuals who would 
be willing to respond to a request for 
evaluation to: Professor Donald F 
Hornig, Harvard School of Public 
Health, 665 Huntington Avenue, 
Bidg. 1, Room 1308, Boston, MA 
02115, USA. 


Harvard University is an Equal 
Opportunity Employer with an 
Affirmative Action Program. 

(NW78DA 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BOTANY 
POST-DOCTORAL RESEARCH 
FELLOW IN BIOTECHNOLOGY 
Applications are invited from 
Botanists, Biochemists or Micro- 
biologists of post-doctoral status to 
join a group led by Professor M M 
Yeoman investigating the synthetic 
potential of cultured plant cells. 
This project is funded jointly by 
Albright and Wilson Ltd and 
NRDC. 

The appointment will be for three 
years and the initial placement will 
be at the third or fourth points of 
range 1A (£6,880 and £7,290} plus 
superannuation. 

Applications, including a curri- 
culum vitae and the names of two 
referees, should be sent by 
September 11th to the Secretary, 
University of Edinburgh, Old 
College, Edinburgh. Further Part- 
iculars may be obtained from 
Professor M M Yeoman at the 
Department of Botany. Please 
quotereference5040. (9236)A 

































Recombinant DNA 
Technology 


Armos Corporation 
due to expansion of its laboratories, is seeking additional PhDs 


familiar with: 


* Nucleic Acids Synthesis 
* Expression of Polypeptides in Bactaria or Yeast 
* Virology 
* 
* 


Immunology 
Protein Chemistry. 


Qualified candidates will play an important role in the growth of 
the firm while doing research in this exciting field. 


ARMOS offers an outstanding salary and benefits package, plus 
an attractive equity participation program. Female and minority 
applicants are encouraged to apply. 


Please send curriculum vitae, reprints of pertinent 
publications, and letters of recommendation to ARMOS 
CORPORATION, 180 Kimball Way, South San Francisco, 


California 94080. 


(INW784)A, 








THE INTERNATIONAL 
CENTER FOR 
AGRICULTURAL RESEARCH 
IN THE DRY AREAS 
(ICARDA) 
has a vacancy for the post of 
LIBRARIAN 
at its Research Station in Aleppo, 
Syria. Starting date: January 1, 1982. 
Qualifications and experience 
required: MSc or PhD degree in 
Library Science; fluent English and 
Arabic; working knowledge of agri- 


culture; working experience in the 
Arab World. 


Applicants should send their c.v, 
and write for further details to: The 
Personnel Officer, ICARDA, PO 
Box 5466, Aleppo, Syria. (W384)A 


STANFORD UNIVERSITY 
California 
Applications are invited for an 
opening at the 
ASSISTANT PROFESSOR 
level in the newly-formed Program in 

the Histry of Science, 


Candidates should have 
demonstrated ability in the area‘of 
19th and 20th century physical 
science. 


Curriculum vitae and the names of 
at least iwo referees should be sent. 
before November 15, 1981 tor 
Professor Eric Hutchinson, 
Academic Secretary, Stanford 
University, CA 94305. 


Stanford University is an equal 
opportunity employer. (NW762)4 








ROYAL MILITARY COLLEGE CF SCIENCE 
Shrivenham, Swindon, Wilts 


DEPARTMENT OF CHEMISTRY AND METALLURGY 
MAGNETIC CERAMICS 


Applications are invited for the post of Research Scientist/ 
Higher Research Scientist to study the preparation of a range of 
ferrimagnetic ceramics, and to measure their permeabilities at 
microwave frequencies. The work will also involve some electron 
microscopy, X-ray diffraction and computer programming, but 
advice on these facilities is available if required. A suitable candidate 
may be able to register for a higher degree. 


Applicants must possess a good degree in Ceramics, Materials 


Science, Physics or Chemistry, or an equivalent qualification, and 
for the higher post at least two years »elevant post-graduate 
experience is required. Some experience with electrical 
measurements would be an advantage, but is not essential. 


The appointment will be for a 3 year period in the grade of Research 
Scientist (£4,809 — £6,480) or Higher Research Scientist (£6,075 — 
£7,999} (salary scales currently under mview) depending on 


qualifications and experience. 


Application forms may be obtained from the Civilian Admin 
Office, Roya! Military College of Science, Shrivenham, 
Swindon, Wilts SN6 BLA; telephone 0793-782561 Ext 421. and 
further information from Dr. G. B. Porter Ext 386. Please 
quote reference HQ 120/1/38 in all correspondence. Closing 


date for applications 20th August 1981. 


(Q181)A 





























xviii 





i J 
BRIGHTON POLYTECHNIC 


DEPARTMENT OF | 


CIVIL ENGINEERING 


RESEARCH 
ASSISTANT 


£4,386 — £5,034 


Applications are invited from 
graduates with good academic 
qualifications. 

The research programme will 
involve the design of new rock 
pillars and stability of existing pillars 
in relation to new methods of 
working in the Brightling Gypsum 
Mines. 

The successful candidate will be 
registered for an MPhii/PhD of the 
CNAA. 


Application form and further details 
from the Deputy Head of 
Personnel, Brighton Polytechnic, 
Moulsecoomb, Brighton BN2 4AT. 
Telephone Brighton 693655 Ext 











2537. Closing date 14 August 1981. 


(9191A | 


ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 
RESEARCH FELLOW 


A vacancy exists for a scientist to join 
a team investigating the micro- 
biological aspects of dental caries ai 
the College’s research establishment 
in Downe, near Orpington, Kent. 
Much of the work is concerned with 
the biochemical and immuno- 
chemical characterisation of Strep- 
tococous mutans, in order te 
understand the working of an anti- 
caries vaccine. A wide range of 
bacteriological, biochemical and 
immunological techniques is in use 
and the position would suit a recent 
PhD or good honours graduate, 
although it will not be possible te 
enroll for a higher degree. 








The initial appointment will be for 
3 years. Salary on the University of 
London Research and Analogous 
Staff scale IB (£6,252 to £8,667) 
according to experience. 


Please apply to the Personne! 
Officer, Royal College of Surgeons 
of England, 35-43 Lincoln’s Inr 
Fields, London WC2A 3PN. 

{(9197)A 


WANTED 
MOLECULAR BIOLOGIST 

to carry out study of immuno- 
globulin gene arrangement in 
human leukemias and lymphomas. 
Background in relevant techniques 
{Southern blotting, nick- 
translation, etc.) required; some 
experience in immunology helpful, 
but not necessary. Appointment is 
at the research associate level; 
exceptionally qualified individuals 
wili be considered at the Assistant 
Member (Professor) level. Position 
available immediately. 

Send a curriculum vitae and the 
names of three references to: Dr. 
G. R. Kitchingman, Division of 
Virology, St. Jude Children’s 
Research Hospital, Memphis, TN. 
38101. (NW790)A 

























NATIONAL BIOLOGICAL ] 
STANDARDS BOARD 


PHARMACOLOGIST 
There is an immediate vacancy for a 
post-doctoral pharmacologist in 
the Division of Hormones. The 
work currently involves research on 
the mechanism of action and 
methods of detection of pyrogens, 
and in the characterization of small 
pharmacologically-active peptides 
such as gut peptides. 

Applicants should have a post- 
doctoral degree in pharmacology or 
physiology and have had 
experience of laboratory pharma- 
cology or physiology and have had 
experience of laboratory pharma- 
cology research. 

The salary payable is in accordance 
with qualifications, age and ex- 
perience on the M.R.C. Grade Il 
(£7,037 p.a. — £10,717 p.a. in- 
clusive}. 

For further details and an applica- 
tion form please contact the 
Personnel Officer, NIBSC Holly 
Hill, Hampstead, London NW3 
6RB. Tel: 01-435 2232. Please 
quote ref. no (HO/049. oa | 








date 28th August 1981. (9209)A 








POSTDOCTORAL. position avail- 
able immediately for studies into the 
biochemistry of calcium transport 
during avian egg shell mineralization 
and its regulation by Vitamin D. A 
strong background in biochemistry 
required; experience in membrane 
transport and/or subcellular frac- 
tionation preferred. Salary starting at 
$15,800 plus fringe benefits. Send 
résumé and letters of recommenda- 
tion to: Dr William A. Coty, 
Department of Biological Chemistry 
UCLA School of Medicine, Los 
Angeles, CA 90024. UCLA is an 
Equal Opportunity/Affirmative 
Action Employer. (NW79DA 





McGILL UNIVERSITY 
DEPARTMENT OF MICROBIOLOGY 
MACDONALD CAMPUS 
RESEARCH ASSOCIATE 


Applications are invited for a 
research associate to study aspects of 
the molecular biology of membrane 
transport. The study will involve 
cloning of genes for transport 
proteins, in vitro synthesis of 
transport proteins and DNA 
sequencing. 


Applicants should hold a PhD 
degree in Molecular Biology or in 
Biochemistry or Microbiology and 
have had previous laboratory 
experience, preferably at the post- 
doctoral level in the molecular 
biological techniques required for 
this study. 


Salary $22,000 per annum. 


Please apply in writing giving full 
curriculum vitae and the names and 
addresses of two referees to: Dr RA 
MacLeod, Department of Microbio- 
logy, Macdonald Campus, McGill 
University, Ste Anne de Bellevue, 
Quebec, Canada H9X ICO. 

(NW782)A 
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FELLOWSHIPS 





UNIVERSITY OF LEICESTER 
SCHOOL OF BIOLOGICAL 
SCIENCES 
ICI/UNIVERSITY JOINT 
LABORATORY 
Applications are invited for a 
POST-DOCTORAL 
FELLOWSHIP 


in a group studying the molecular 
genetics of methylotrophic bacteria. 


The post provides an opportunity 
to use modern bacterial genetics and 
recombinant DNA techniques to 
study chromosomal organisation in 
an industrial micro-organism. 
Applicants should have post- 
graduate experience in a relevant 
discipline, but experience in 
molecular cloning is not essential. 


The salary will be in the research 
and analogous scale £6,070 — 
£10,575 and the appointment will 
initially be for two years. 


Applicants should send a 
curriculum vitae and the names and 
addresses of two referees to 
Professor W J Brammar, Depart- 
ment of Biochemistry, University of 
Leicester, Leicester LE1 7RH, from 


whom further details can be | 


obtained. (9192)E 





UNIVERSITY COLLEGE 
DUBLIN 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a 
POST-DOCTORAL 
FELLOWSHIP IN 
PHYSICAL CHEMISTRY 


for a theoretical investigation of 
transport processes in the corrosion 
of metals. The appointment which is 
supported by the National Board for 
Science and Technology of Ireland, 
will commence as soon as possible 
after September Ist, 1981. It will be 
initially for one year with a possibility 
of renewal for a further two years. 
Salary will be in the range IR£5,370 
— IR£6,234, 


Applications accompanied by a 
Curriculum Vitae and the names of 
two Referees should be sent to: Dr 
J Corish, Department of Chemistry, 
University College, Belfield, Dublin 
4, Ireland. (9199)E 





LA TROBE UNIVERSITY 
Melbourne, Australia 
SCHOOL OF AGRICULTURE 
RESEARCH FELLOWSHIP 
IN IMMUNOLOGY 
The Wool Research Trust Fund is 
funding a postdoctoral Fellow to 
work on the development of assays 
for sheep IgE and their application to 


an understanding of natural 
resistance to common parasites, 


Salary: $417,083 — $426,037. 


Further information and 
application forms are available from 
the Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications close on 14th August 
1981. (9182)E 


| 








ROYAL NATIONAL 
HOSPITAL FOR 
RHEUMATIC DISEASES 
AND UNIVERSITY OF BATE 
SIDNEY ROBINSON 
RESEARCH FELLOWSHIP 


Applications are invited for th 
above Fellowship tenable for twi 
years from October 1981. Th 
successful applicant will join a 
active research team working on th: 
biochemical and functiona 
characterisation of lymphocyt: 
subpopulation in-patients witl 
rheumatic diseases. Candidate 
should have a PhD in immunolog 
and should preferably have som 
experience in lymphocyte culture 
The appointment will be made on thy 
University Research Officer/Medica 
Registrar scale as appropriate. 


Send SAE for application forr 
and descriptive leaflet to the Hospita 
Administrator, Royal Nationa 
Hospital for Rheumatic Diseases 
Upper Borough Walls, Bath BA] 
IRL. 


Closing date 8th September 1981. 
(9189)E 





QUEEN MARY COLLEGE 
University of London 
CHEMISTRY DEPARTMENT 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


for ESR studies on food constituents 
in exploratory work supervised 
jointly by Professor R Bonnett and 
Dr K D Sales. Appointment is for 1 
year from 1 October 1981. Salary in 
rage £7,037 — £8,257. 


Please apply by letter, including 
c.v. and names of 2 referees, to The 
Secretary, (N) Queen Mary College, 
Mile End Road, London El 4NS. 

(9207)E 





UNIVERSITY OF KENT 
AT CANTERBURY 
ELECTRONICS LABORATORY 
RESEARCH FELLOWSHIP 


Applications are invited for the post 
of Research Fellow to work on a 
DHSS-supported project to study the 
application of pattern recognition 
techniques to the design of a micro- 
processor-based speech therapy aid. 
Applicants should have a good 
Honours degree in electronics or 
computer engineering and should 
preferably hold a PhD degree in an 
appropriate area. The appointment is 
for two years and the salary will be in 
the range £6,070 — £7,290 on the 
Grade IA scale. 


Application forms and further 
particulars may be obtained from the 
Senior Assistant Registrar, Faculty 
of Natural Sciences, Chemical 
Laboratory, The University, 
Canterbury, Kent CT2 7NH. The 
closing date for applications is 25 
August 1981. Please quote ref. 
A21/81/N. (9208)E 
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Commonwea 


‘QUEEN'S 


To commemorate the Royal Visit to Australia in 
1970 the Australian Government established the 
Queen’s Fellowships Scheme. Under this Scheme 
up to five fellowships may be awarded each year for 
full-time research by young scientists of exceptional 
promise and proven capacity for original work. 
These awards are tenable at an Australian university 
or approved research institution normally for two 
years. Tenure of a Fellowship is expected to 
commence within nine months of the announcement 


FELLOWSHIPS 
IN MARINE SCIENCE” 
























of the award. 





UNIVERSITY OF EXETER 
STRUCTURAL STUDIES OF 
LIQUID CRYSTALS 


Applications are invited for an SERC 
Postdoctoral Research Fellowship to 
work with Professor A J Leadbetter 
on X-ray diffraction studies of 
smectic’ liquid crystals. A new 
position-sensitive X-ray detection 
system will be used to study novel 
structures and phase transitions in 
these systems and some neutron 
scattering work using the facilities at 
ILL Grenoble will also be involved. 
Applicants may be chemists or 
physicists and some experience of 
X-ray or neutron diffraction and 
computing would be an advantage, 
though not essential. 


The period of the Fellowship is 1 
October 1981 until 31 July 1983 with 
starting salary up to £6,880 per 
annum depending on age and 
experience. 


Applications should be sent as 
soon as possible to Professor A J 
Leadbetter, Department of 


Chemistry, Stocker Road, Exeter 
EX44QD. 


(9200)E 





QUALIFICATIONS: Queen’s Fellows should 
have a Ph.D., or equivalent qualifications, or 
equivalent research or professional experience in a 


KING’S COLLEGE 
Cambridge 
RESEARCH FELLOWSHIPS 
IN CHEMISTRY 


Applications are invited for Junior 
Research Fellowships in Chemistry to 
commence on | October 1982. The 
normal tenure is four years, ending 30 
September 1986. Arrangements have 
been made for successful candidates 
to work in either the Department of 
Organic and Inorganic Chemistry or 
the Department of Physical 
Chemistry. 


Men and women graduates of any 
university are eligible, provided they 
have not completed more than about 
three years of post-graduate research 
by October 1981. Stipends range 
from about £5,200 to about £6,900 a 
year and an unmarried Fellow is 
provided with accommodation in 
College if he or she wishes. 


Applications will need to be made 
by 31 October 1981. Write for further 
details to the Provost, King’s 
College, Cambridge CB2 1ST. 

(9237)E 









Please mention 


nature 


when replying to 
these advertisements 











of Australia 


discipline applicable in marine science or coastal 
engineering. 


SALARY: $21509 (Australian) per annum =~ 
increased to $23107 at age of 28 years (at present 
under review). 


TRAVEL EXPENSES: Necessary travel expenses 
are payable. 


APPLICATIONS: Persons interested in applying for the 
above fellowships should obtain application forms from: The 
Minister (Scientific), Australia House, The Strand, London 
WC2B4LA. The next round of awards will be announced in 
January 1982. Applications close in Canberra on 1] 
September 1981. 


(923 E 


EDUCATION COMMITTEE 
Mid-Kent College of Higher and 
Further Education 


DEPARTMENT OF SCIENCE 


Postdoctoral 
Research Fellowship 


A vacancy exists in the Department for a Postdoctoral Fellow 
to undertake research with Dr. M. A. Malati in the field of 
photocatalysed heterogeneous reactions. 


The post is available for two years, with a starting salary 
within the NJC (B) Scale (£6,462 — £8,820). 


Applications, accompanied in each case by a curriculum vitae 
and the names of two referees should be sent to: 


The Principal, 
Mid-Kent College of Higher and Further Education, 
Horsted, Chatham, Kent MES 9UQ. 








MISCELLANEOUS 





POSTDOCTORAL Fellowship: In- 
sect Biochemistry. To purify and 
study functions of proteins in insect 
diapause. Experience with 
chromatographic radioisotopic, and 
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supervision of Dr M CM 
Perombelon). 


Applications, including curri- 
culum vitae and names of two 
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modern philosophy, a background in philosophy 
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nor a purely mental concept, but partaking of 
both - will enable readers to confront the strange 
puzzles and paradoxes of time from a much wider 
viewpoint than is presented in most other texts. 
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Can cancer at work be regulated? 


In the century and a half since cancer of the scrotum among 
chimney sweeps was first recognized as an occupational disease, 
interest in (and anxiety about) occupational cancer has grown 
steadily. Since the Second World War, there has been continuing 
concern for the health of those occupationally exposed to ionizing 
radiation, and all governments have introduced regulations 
intended to limit the exposure of workpeople and thus the risk of 
overt disease. More recently, attention has turned to the 
occupational risks of the exposure of workpeople (and also the 
general population) to industrial chemicals. In the United States, 
the passage of the Occupational Health and Safety at Work Actin 
1970 led to the creation of two separate organizations with 
responsibility in the field — the National Institute for 
Occupational Safety and Health (whose function is research and 
evaluation) and the Occupational Safety and Health 
Administration. (which can regulate industrial practice). In 
Britain, legislation on the American model led in 1974 to the 
creation of the Health and Safety Executive and its supervisory 
commission. For the past three years, the Health and Safety 
Executive has been struggling with a regulation requiring the 
notification of new chemical substances (see Nature 16 July, 
p.190) but even now is unlikely to meet the deadline of 18 
September decreed by the European Commission. 

Nobody should be surprised. European administrations’ 
attempts to restrict the introduction of potentially hazardous 
chemicals are the analogues of the regulations enshrined in the 
Toxic Substances Control Act of 1976, which took the best part of 
six years to emerge from an embattled Congress in the United 
States. There are several contentious issues. Chemical companies 
resent the cost of subjecting all new chemicals to a battery of short 
and long-term toxicity tests — and, with more reason, fear that 
too wooden an exercise of regulatory powers by the responsible 
agencies may deprive them of the use of a valuable intermediate 
even when effective precautions may be taken. A more serious 
difficulty, shown up by the muddled division of responsibility in 
the United States between the Environmental Protection Agency 
(responsible for the administration of the Toxic Substances 
Control Act) and the Occupational Safety and Health 
Administration is that of making sensible arrangements for the 
protection of the public at large, and of people occupationally 
exposed to larger concentrations of the same materials. 

In Britain, as earlier in the United States, a further 
complication has arisen — the interest of the trades unions in the 
design of the regulations and in their administration. This 
development is entirely to be welcomed. Even the most diehard 
opponents of organized labour would agree that unions are better 
occupied in the protection of the health of their members than in 
some of the other things they do. Industry as a whole, and the 
community at large, can only benefit from a proper 
understanding by its workpeople of the occupational risks they 
are asked to run — and from their informed consent that risks of 
some magnitude, ideally small but probably not identical with 
zero, should be run. The time that might now be spent in Britain 
by the Health and Safety Executive on reconciling the interests of 
the trades unions and the chemical manufacturers would be well 
worthwhile. 

Unfortunately, good sense is in danger of being overtaken by 
events. The Health and Safety Executive, applauded ever since its 
creation as a novel and autonomous entity within the British 
constitution, is much in need of the safety valve of which its 
special place deprives it — an expression of a range of prejudiced 


opinion in the House of Commons. (Is the House of Lords too 
busy to oblige?) The second draft of its regulations on the 
notification of new substances is indeed needlessly onerous, too 
cut and dried, and the executive should take the time to producea 
third, whatever they say in Brussels. The trouble, now, is thatthe 
executive has to watch out not only for the European Commission 
but for Mr Clive Jenkins, the secretary of the trade union called 
the Association of Scientific, Technical and Managerial Staffs. 

Mr Jenkins’s union has in the past few years taken a close and 
often constructive interest in problems of occupational health and 
safety. More than a year ago, it produced an arresting {if 
controversial) document about the occupational hazards of new 
chemicals. Ten days ago, Mr Jenkims issued a lengthy 
commentary on the second draft of the Health and Safety 
Executive’s proposed notification regulations and made some 
cogent points, Chemical companies are indeed too defensive of 
their superficial financial interests, and too unwilling to let 
independent outsiders enquire into their affairs. The costs of 
complying with regulations have been systematically (that is, 
consistently) exaggerated. And so on. He erred only in the most 
rudimentary way — by supposing that there is some state of grace 
in which occupational risks are absolutely avoidable. His 
problem, and the executive’s, is rather how to strike a balance 
between the possibly carcinogenic risk of a novel chemical and the. 
possibility that somebody, or some group, will be out of work. 
Who will persuade whom of that? 


Damming estuaries 


The hope that there might be some other way — any other way 
— of generating electricity than those now used is likely to be 
widely paraded in the weeks ahead. The United Nations 
conference on alternative energy sources due to open in Nairobi 
next week will be an obvious forum (see also page xxx). And 
nobody should deride the innocent declarations of faith in 
windmills, water-wheels or wood (now calied biomass) that there 
will be. There are unfortunately still too many circumstances, in 
still too many developing countries, in which any way. of 
generating a modicum of mechanical power from some... 
indigenous source is much needed. But those who assemble in 
Nairobi should also take to heart the message hidden in last 
week’s report of Sir Hermann Bondi’s study of the feasibility of 
an electricity-generating barrage across the Severn estuary, 
between England and Wales (see Nature 30 July, p.401). The 
conclusion of this thorough piece of work is that if British 
taxpayers want the kinds of benefits that a barrage across the 
Severn estuary would provide, they would be best advised to build 
nuclear power stations and not a dam. 

The argument is simple but instructive. A dam across an estuary 
can be used to generate electricity in several obvious ways — by 
letting the incoming tide drive turbines in a dam, by letting water 
impounded at high tide run back through turbines on the ebb tide 
or (as in the scheme operated by Electricité de France on the 
estuary of the Rance since 1966) arranging that water inatrestuary. 
will drive turbines at both the ebb and flood tides. The amounts of 
energy that can in principle be won from such schemes are huge —~ 
the Bondi committee estimated that even the most modest of all 
possible dams across the Severn could yield 13 TWh of électricity, 
something like six per cent of present electricity demand in the 
United Kingdom, roughly the amount of electricity that would be 
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generated by the use of 7 million tons-of coal a year, year in and 
year out. The snag is that not a single kilowatt-hour of this 
electricity would accrue until the whole dam across the Severn 
estuary had been built — a process likely to take 15 years and to 
cost £5,660 million without allowing for the cost of paying interest 
on this substantial sum of money while construction is under way. 
But is not any scheme that produces energy from a renewable 
resource, such as the slopping one way and another of water ina 
tidal estuary, inherently worthwhile? That is what the enthusiasts 
for the Severn barrage have been saying almost since the 
beginning of the electricity supply industry itself. Unfortunately, 
a careful reading of the Bondi committee’s first report shows the 
argument to be false. 

As in other industrially developed countries, the British 
demand for electricity is a reasonably well-defined function of the 
time of day and the season of the year. Inevitably, the daily 
pattern of demand is linked with the movement of the Earth about 
the Sun and not with the movement of the Moon about the Earth, 
with the result that maxima of demand coincide only by accident 
with tidal maxima. Similarly, seasonal variations bear no 
constant relationship to the occurrence of spring or neap tides, 
which are related to the relative alignment as seen from the Earth 
of the Sun and the Moon. None of this is surprising. The 
consequence is, however, that a dam across the Severn would be 
capable of generating electricity at times only randomly related to 
those at which electricity demand is greatest. Accordingly a 
Severn barrage (or any other tidal scheme for generating 
electricity) will not substantially reduce the need for building 
other kinds of generating plant to satisfy the maximum demand 
on the system. (This blunt statement is a little over-gloomy, for 
electricity utilities would in principle be able to plan routine 
maintenance of conventional plant on a lunar calendar and thus 
obviate the need for some capital investment.) Such benefits as 
there are from tidal schemes, however, consist only in the 
avoidance of fuel costs at conventional power stations, some of 
which may be shut down when barrage schemes are ready to 
generate electricity. Overall, the crucial question is whether, over 
the lifetime of a barrage, the initial capital cost will be justified by 
the conventional fuel (coal, oil and uranium) that would be saved. 

The Bondi committee, which includes several enthusiasts for 
big dams, puts a brave face on this daunting prospect. On the 
basis of a calculation of the present value of the conventional fuel 
that a Severn barrage would save, it concludes that the most 
modest version of such a scheme would just about pay for itself. 
There will be much technical interest in the way in which this 
calculation has been carried out — and curiosity will be satisfied 
only when the full report of the study is published two months or 
so from now. Already, however, it is clear than even this 
calculation is over-optimistic. The committee has assumed in 
calculating costs and benefits that the annual rate of interest on 
capital is either 5 per cent or 7 per cent — much less than the cost 
of the money the British government is having to borrow to 
finance less ambitious projects than the Severn barrage. But that 
is only half the story. The Bondi committee, with its hand firmly 
on its heart, makes the honest declaration that the economic 
benefits of investing in nuclear power stations would be roughly 
twice those of investing in the Severn barrage. 

None of this implies that schemes for the exploitation of 
renewable energy should not be examined. The Bondi study is a 
model of how such exercises should be carried out. But 
enthusiasts for the use of renewable energy resources should 
acknowledge that conclusions such as those that have now put 
paid to dreams of a barrage across the Severn are likely to afflict 
many other projects for generating electricity in unconventional 
ways. After all, the properties of a stream of electrons in an 
electrical conductor are independent of the source of the electrical 
potential that drives them. By making uneconomic judgements 
about the virtues of different sources, it is possible to waste vast 
amounts of wealth that might be used in other ways. This is not to 
say that the United Nations conference at Nairobi should 
promptly adjourn, and amalgamate with the meeting of the major 
electricity utilities at the next World Power Conference, for there 
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is much that might be done by a sober appraisal of small power 
sources for use in places where there is hardly any power of any 
kind available at present. But, in the long run, the hard economics 
that have ruled out the Severn barrage in Britain are likely also to 
apply elsewhere. 


Cricket and patriotism 


The British, much depressed for several years by problems in 
Ulster and of economic misjudgement and mismanagement, have 
been so curiously uplifted in the past few weeks by a royal 
wedding and their success in beating the Australians twice at 
cricket that the question must be faced whether the psychological 
benefits of these public spectacles can be more widely spread. For 
if there is the slightest chance that peoples elsewhere might be 
given the courage to face intractable problems — or perhaps even 
the excuse to forget about them for a time — by a suitable 
patriotic display, should not governments other than the British 
be ready with plans for suitable ceremonies? Precedents set by the 
Roman emperors, however politically prudent 2,000 years ago, 
would no longer be acceptable, while the chances are small that 
governments will value royal weddings so highly that they would 
embark on the constitutional upheavals necessary to introduce 
monarchies of their own. On the face of things, only the game of 
cricket is potentially adaptable to other circumstances than the 
British, and even there the prospects are not bright. 

The difficulty with cricket is that it is not widely understood. 
There is, however, no reason to accept the complaint of those not 
subjected to an English education that the game is inherently 
incapable of being understood. The way in which cricket has 
spread through much of the British Commonwealth gives the lie 
to this canard; the fact that West Indian cricketers are probably 
now more skilled than any others is a sign that cricket could 
become an international vehicle for national contentment, even 
chauvinism. To that end, the most urgent need is for a deeper 
understanding of what cricket is about. It may even be necessary 
to simplify the rules. 

The fundamental principles of cricket are by no means unique. 
As in baseball, one person throws a ball at another, who is 
equipped for his defence with a piece of wood called a bat. 
Superficially, cricket is more objective than baseball in that a 
batsman’s defence is held to have been unsuccessful if the ball 
strikes one of three pieces of wood planted on the ground behind 
him, and not merely on the say-so of an umpire who has to judge 
whether the ball passes at the right height over an object laid in the 
ground. What puzzles potential devotees of cricket is that the ball- 
throwing act is routinely performed in each of two opposing 
directions and that there appears to be no limit to the number of 
people who can be invited to throw the ball. It is also puzzling to 
many that ball-throwers (called ‘‘bowlers’’) may legitimately 
bounce their projectiles on the ground in front of the hapless 
batsmen, thus introducing an element of disconcerting 
randomness into their trajectories. 

Fortunately, these faults are easily remediable. One-ended 
cricket played on an adhesive surface (so that cricket balls could 
not be bounced) would plainly make it possible for others than the 
Old Commonwealth to understand and thus to enjoy a game to 
which they are at present denied access. The time taken by cricket 
matches could be reduced if batsmen were given less substantial 
pieces of wood. For obvious economic reasons, it would be 
necessary to reduce the duration of international matches from 
five days to five hours, which to a first approximation would 
require that the presenting surface of the standard bat should be 
reduced by approximately five-sixths. The disadvantage that it 
would then be difficult for batsmen to accumulate large 
individual scores — one of the prerequisites of national cricket 
heroes — could be offset by multiplying by six the present rewards 
for batsmanship. No doubt there would be many in places where 
cricket is understood who would resist these innovations. But 
should tradition be allowed to stand in the way of a wider 
distribution of the benefits that cricket might bring? 
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Stanford sells gene-splicing licences 


Boyer, Cohen 
patent may yet 
be challenged 


Washington 

In a move expected to bring in annual 
royalty payments of over a million dollars 
within the next four or five years, Stanford 
University announced this week the terms 
under which it is prepared to let 
commercial companies use the gene- 
splicing techniques developed in the early 
1970s by Dr Stanley Cohen of the 
university’s medical school and Dr Herbert 
Boyer of the University of California in 
San Francisco. 

The techniques have since become the 
basic tools for many widely used genetic 
engineering processes. University 
researchers who wish to use them may 
continue to do so free of charge, but 
companies marketing products based on 
their use will be required to pay a royalty 
fee varying from one per cent of net 
product sales below $5 million to 0.5 per 
cent on annual sales of over $10 million. 

Before reaching the commercial stage, 
any company wishing to use the techniques 
in its research can purchase a non-exclusive 
licence from Stanford for an initial fee of 
$10,000, and an annual sum of the same 
amount. An incentive offered to those who 
act quickly is that any company which signs 
up before the end of 1982 can credit five 
times the licence fee against future 
royalties, up to a maximum of 50 per cent 
of the royalties earned in any one year. 

Stanford will deduct 15 per cent from 
fees and royalties earned to servicing the 
licensing arrangements. After that the 
remaining sum will be divided equally 
between Stanford and the University of 
California. Stanford’s share will be further 
divided, with a third going to the 
university’s medical school and a third to 
its departments of medicine and genetics. 
Dr Cohen, who holds joint appointments 
in the two departments and who would 
under the university’s normal rules be 
entitled to the remaining third, has 
assigned his share back to the university, to 
be divided between biomedical research 
and support for postdoctoral fellowships. 
Dr Boyer has also waived any rights to 
personal royalties. 

Despite being one of the leading research 
universities in the United States, with an 
annual research budget of over $100 
million, Stanford has so far lacked any 
major money-spinning patents 
comparable, for example, with the widely- 
used dental fluoride developed at the 
University of Indiana. University officials 
are hoping that the income from the patent 
on the Cohen/Boyer techniques, filed in 


1974 and granted last December, will 
change this, although president Donald 
Kennedy says he does not anticipate that 
royalty income from this source ‘‘will 
significantly alter our present financial 
projections”. 

The patent granted by the Patent Office 
is broad, covering the series of steps used 
by Drs Cohen and Boyer to replicate and 
express exogenous genes in micro- 
organisms. It describes the techniques used 
to cleave a plasmid or virus DNA, to insert 
a new gene to provide a biologically 
functional replicon, to place the latter in a 
microorganism cell, and finally to isolate 
the transformants in order to produce cells 
in which the DNA molecules in the 
modified plasmid can be replicated and 
expressed. 

The breadth of the patent — and the 
ubiquity of the techniques’ current usage 
— means the university is expecting a large 
number of licensing requests. In a 
statement issued on Monday it estimated 
that more than 200 companies in the 
United States may already be involved, and 
that half may sign up for the licences in the 
near future. 


At the same time, this breadth could lay 
the patent open to challenge from other 
scientists who claim to have made 
significant contributions to the results 
which were patented by the universities 
solely in the names of Cohen and Boyer. 
Murmurs of possible legal challenges have 
surfaced in the past, although the relatively 
low licence fee — as well as the fact that the 
royalties will go to the universities and not 
to the individual scientists — may well 
dampen any conflict. 

Stanford is requiring that any company 
obtaining a licence must agree to use the 
techniques in compliance with the 
guidelines for physical and biological 
containment of experiments drawn. up by 
the National Institutes of Health. 

The university kas also welcomed a 
recent ruling by the International Trade 
Commission forbidding the unlicensed 
import of goods made abroad with 
techniques patented in the United States. 
Previously it hac been feared that 
companies might try to avoid the licensing 
fee and royalty payments by setting up 
production facilities in other countries. 

David Dickson 


Chevènement wins control of science 


France’s civil science is now almost 
totally in the hands of one man, Jeane- 
Pierre Chevénment, the left-wing minister 
of state for research and technology (see 
Nature 2 July, p.3). 

Chevènement has been battling for 
weeks with other ministers —- notably two 
successive ministers of industry — for the 
power he believes he needs to direct 
France’s scientific future. Now he has won. 

A decree published last week gives him 
control of the budget for all government- 
funded civil research, development and 
technology. The budgets of all public 
bodies concerned with such matters will 
henceforth be ascribed to his ministry, 
giving him around FF20,000 million 
(£2,000 million) to play with each year. 

Nevertheless, the formula which gives 
Chevènement these powers is complicated, 
and is likely to be read very closely by all 
concerned. 

Chevènement will, however, have total 
authority over the Centre National de la 
Recherche Scientifique (CNRS), which 
plays the leading role in supporting basic 
science in France. CNRS has 1,200 labor- 
atories (including a third of all university 
laboratories) most of them managed 
jointly with the universities or other 
insitutions but 250 of them completely 
independent. CNRS is a dominating 
influence in basic research in France, with 
the possible exception of mathematics; it 
has a staff of 25,000, of whom 8,000 are 
researchers. 

Previously CNRS was under the 
authority of the ministry of universities, 
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and some now think that the separation 
from that ministry may complicate the 
management of joint laboratories: 
Chevénement is primarily interested in 
science as the driving force of industrial 
development, which may not match the 
views of some university departments. But 
he has also described science as an essential 
element of ‘‘culture’’ (music to the ears of 
President Francois Mitterrand) and wishes 
further to improve the international 
standing of French science. 

Other bodies over which Chevénement 
will have total authority are the Délégation 
Générale à la Recherche Scientifique et 
Technique, which will act as his secretariat; 
the Agence Nationale pour la Valorisation: 
de la Recherche (aimed at turning 
government-sponsored research into 
industrial innovations, through venture- 
capital grants); and two ministerial 
services, the Mission Interministérielle 
pour le Développement de l’ Information 
Scientifique et Technique, and the 
Délégation à l'Innovation et å la 
Technologie. 

Over other organizations, such as the 
Commissariat à l'Energie Atomique and 
the Centre National d'Etudes Spatiales, 
Chevènement will have control through the 
indirect (but powerful) lever of the budget; 
and also, if the relevant paragraph in the 
decree is so interpreted, through 
appointments. 

This paragraph gives Chevénement the 
task of undertaking “‘all reform” of public 
bodies concerned with research, including 
‘fall measures have an impact on the 
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politics of scientific employment” 
which he must countersign. 
Chevénement will also ‘‘be associated 
with” France’s efforts in international 
scientific cooperation, in cooperation with 
the foreign minister M. Claude Cheysson. 
The decree outlining Chevénement's 
powers has required negotiation at the 
highest possible level, and has been signed 
by President Mitterrand, Prime Minister 
Pierre Mauroy, the foreign minister 
and ministers of industry and education. 
The national colloquium on science and 
technology will now take place on 13~16 
January 1982, and Chevénement is laying 
great emphasis on its role in defining a new 
politics of science in France, and the major 
“loi-programme’’ for science which he is 
to put before parliament next year. The 
colloquim is to have six principal sessions: 
on the cultural contribution of science and 
scientific responsibility; on the internal 
division of money for science (scientific 
and technical options, big science and so 
on); the role of science in helping France to 
climb out of the recession and create 
employment; the management of scientists 
(contracts of employment and so on); the 
role of other bodies influencing science (big 
industry, for example); and the political 
and structural means adopted by 
Chevénementhimself. Robert Walgate 


No rapprochement 


The usually covertly political nature of 
education in France came out into the 
open last week with the sacking of 14 of 
the 28 regional education officials. 

These officials administer education 
from primary to university level within 
the ‘‘Académies’’, territories which 

encompass several of the French 
| departments; ever since General de 
| Gaulle revised their powers in 1967, they 
Ihave become increasingly political 
| figures. Madame Saunier Seité, Giscard 
d’Estaing’s minister of universities, was 
previously head of an Académie; and 
i others became junior ministers or mini- 
sterial advisers. 

In effect, this was inevitable under de 
Gaulle’s ordinance, which loosened their 
hold on power and so made them more 
reliant on the goodwill of the govern- 
ment. Now fourteen unlucky incumbents 
have been found to be tarred too heavily 
with the brush of the previous 
administration, and must go. 

This will make room for a ‘‘profound | 
reform’’, the minister of education, M. 
Alain Savary, said last week in a press 
i statement. The new administrators must | 
| not make politics, he said; they must obey 
| the politics of the government. Their pre- | 
decessors, by contrast, had been active 
against the new government both before 

and after the election. Some had stood as 
candidates for opposition parties. The 
‘ores director of the Paris Académie, 
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for example, had been Saunier Seité’s 


chief adviser. Robert Waigate | 





~ Alternative energy conference 


Realism the theme 


Washington 

At least five heads of state, including 
Canadian Prime Minister Pierre Trudeau 
and Mrs Indira Gandhi of India, will be 
among the participants at the United 
Nations Conference on New and 
Renewable Sources of Energy (UNERG) 
which starts in Nairobi next Monday. Their 
presence, together with energy and other 
ministers of industrialized and developing 
nations, is held by the conference 
organizers to indicate a measure of success 
in getting across their view of the political 
importance of alternatives to oil, coal, gas 
and nuclear energy. 

But political weight alone will not 
guarantee a successful conference. 
UNERG is likely to set a very different tone 
from the large UN conferences of the 
1970s, when global issues such as 
environmental! pollution and the ‘human 
habitat’’ were confronted in a spirit of 
optimistic idealism. 

From the beginning, UNERG has been 
organized with a more pragmatic outlook. 
It was, for example, agreed by a narrow 
vote of the UN General Assembly that 
nuclear power would not be included on 
the ‘‘new energy technologies” agenda, a 
move supported by many industrialized 
nations which feared the result would be 
too difficult to handle, but opposed by 
developing nations on the grounds that its 
exclusion -— together with any explicit 
reference to conventional energy sources 
— would inevitably skew any results. But 
perhaps the main stimulus for pragmatism 
is the general feeling that grandiose 
schemes for new international bodies (such 
as the UN Environmental Programme, set 
up after the Stockholm conference in 
1972), or even for a commitment to 
significant increases in development aid 
funds, are unlikely to gain support in an 
international mood of austerity. 

In such a context, the tangible 
achievements of the Nairobi meeting will 
inevitably be limited. But Secretary 
General Enrique Iglesias, seconded to 
direct conference preparations from his 
permanent position as head of the 
Economic Commission for Latin America, 
remains confident that it can still have a 
real impact by bestowing legitimacy on 
energy sources frequently omitted from 
development planning. 

One of the most practical parts of the 
conference has already been completed — 
a series of technical reports on fourteen 
different types of new and renewable 
energy sources, from wind energy to 
draught animals. The quality of the reports 
is mixed; but some, such as that produced 
by an international panel on wind energy, 
have met with wide approval. And the 
preparation of national contributions for 
the conference is said to have catalysed 
thinking about alternative forms of energy 


production and energy planning in general 
— particularly in some of the developing 
countries — that had previously been 
virtually non-existent. 

How these will evolve into practical 
initiatives remains to be seen. Several 
industrialized countries are said to be keen 
to support the setting up of research and 
training institutes for the various energy 
sources, wood-fuel being the most 
frequently quoted example. And the 
Society for International Development is 
promoting the idea of an international 
network of energy research institutes along 
the lines of the agricultural research 
network run by the World Bank. 

The political debate will inevitably focus 
on the two factors which tend to dominate 
all international meetings of this nature: 
money (development aid contributions, 
primarily from the industrialized nations), 
and power (the organization of the UN 
bureaucracy). 

Initially the developed and developing 
nations will be less far apart than at the UN 
Conference on Science and Technology for 
Development (UNCSTD) in Vienna in 
August 1979, where the Group of 77 
arrived at the bargaining table with a 
proposal for a new fund to support Third 
World research with a budget of $2,000 to 
$4,000 million. This time the developing 
countries have accepted that such 
proposals are unrealistic. Any extra 
support for development of new energy 
technologies is therefore likely to come 
from changes in existing arrangements. 

The conference organizers originally 
hoped that the meeting would coincide 
with the creation of a new ‘‘energy 
affiliate” by the World Bank, a proposal 
put forward by the bank’s then President 
Robert McNamara last year as a device for 
raising capital for energy production 
schemes. So far, though, this has been 
vetoed by the Reagan Administration on 
the grounds that investment should, where 
possible, be left to the private sector. 

With the World Bank’s initiative stalled 
~~ and general agreement that the Nairobi 
conference should not try to set up a new 
energy fund — one of the most likely 
outcomes is an agreement that energy 
projects should receive a set proportion of 
the funds raised through a new ‘‘financing 
system” for science and technology, which 
has been in the planning stages since the 
Vienna meeting two years ago. 

If approved in principle by the General 
Assembly later this year, the ‘‘financing 
system” would probably take over res- 
ponsibility for projects at present financed 
through a two-year interim fund, also 
established at Vienna, operated by the UN 
Development Programme. The interim 
fund already supports several energy 
projects, such as research into the use of 
wind power in Mauritius and the 
introduction of more efficient wood-stoves 
into the Sahel region of Africa. 

To a large extent, however, the most 
significant meetings will not take place in 
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Nairobi at all, but will be those 
surrounding the summit meeting planned 
for Mexico in October under the auspices 
of the Brandt Commission. This meeting, 
which will be attended by President 
Reagan, is expected to set the tone for 
negotiations between developed and 
developing nations for the first half of the 
1980s; as a result, it will provide the setting 
within which any results from Nairobi will 
inevitably be judged. David Dickson 


To the gulags 


The last two members of the Moscow 
“Working Commission to Investigate the 
Use of Psychiatry for Political 
Purposes’’, Irina. Grivnina and Feliks 
Serebrov, were last month tried and 
convicted on charges of anti-Soviet 
activity. Ms Grivnina was sentenced to 
five years’ internal exile, Mr Serebrov to 
four years in a labour camp plus five years 
internal exile. 

The ‘Working Commission’’ was 
established in 1977 as part of the general 
human rights monitoring movement in 
the Soviet Union, and its members made 
determined efforts to visit ‘‘patients’’ 
confined in psychiatric hospitals because 
of their political beliefs. The commission 
produced a samizdat (information 
bulletin) giving details of its findings, and 
where possible provided colleagues 
abroad, on a confidential basis, with case 
notes of the patients investigated. In most 
cases these notes showed that by non- 
Soviet standards there were no grounds 
for compulsory hospitalization. 

For these activities commission 
members have either been forced to 
emigrate (like Dr Volshanivich) or 
arrested and charged with disseminating 
anti-Soviet slander (Article 190/1), or 
with anti-Soviet propaganda and 
agitation (Article 70/1). According to 
Soviet judicial theory, as reiterated 
recently by Evgenii Smolentsev, Deputy 
Chairman of the USSR Supreme Court, 
“in the practice of Soviet courts, there are 
not and there cannot be convictions for 
religious and political beliefs” and hence | 
any claim that there are prisoners of| 
conscience in the Soviet Union is anti- 
Soviet propaganda. 

According to TASS, Mr Serebrov 
pleaded guilty under Article 70/1 and 
admitted knowing that the documents he 
helped to prepare would be distributed in 
the West. TASS further recorded that he 
had ‘‘repented’’ of these actions, but 
some Moscow sources deny this 
“repentance’’, saying that in such a case a 
far lighter sentence would be expected. 

The British Medical Association has 
tabled a motion for the September 
meeting of the World Medical 
Association in Lisbon, condemning both | 
the use of psychiatric methods for | 
political repression and the suppression 


of the “Moscow Working Commission’’. 
| Vera Rich 
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UK engineering council 
New lambs for old 


A new body to safeguard the quality of 
British engineers is to be set up by Royal 
Charter, the government announced last 
week. The Engineering Council, as the 
body will be known, is the culmination of 
eighteen months of heated debate since the 
Committee of Inquiry into the Engineering 
Profession, chaired by Sir Monty 
Finniston, recommended that there should 
be a new organization to oversee the 
education and registration of engineers. 

The Engineering Council’s first part- 
time, unpaid chairman is Sir Kenneth 
Corfield, chairman of Standard 
Telephones and Cables Limited. The 
Department of Industry, which is putting 
up £1 million to get the council started, will 
appoint 15-24 board members — for 
which it has already received 300 
suggestions — and a permanent secretariat 
in the autumn. After a three-year transition 
period, the council will elect its own 
members and will be expected to be self- 
financing mainly from fees charged for 
registration, its chief business. 





Corfield; engineering's chartered chief 


The council is a disappointment to 
many. Some consider it a poor substitute 
for the statutory Engineering Authority 
that Sir Monty’s committee had asked for. 
One issue in the debate has been the 
relationship between a new body and 
engineering institutions, especially the 
Council of Engineering Institutions, which 
have traditionally chartered engineers and 
promoted their separate interests through 
their own Royal Charters. Sir Monty and 
his supporters fear that the new Royal 
Charter gives the institutions too much 
influence. Certainly the new council will 
not have funds for the improvement of 
engineering education or even the support 
of students, as Finniston had asked. 

The charter lays down two main roles for 
the council, each of which it is empowered 
to delegate in part to the engineering 
institutions: to determine standards and 
criteria for the education, training and 
experience of engineers and to keep a 
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register of those meeting the criteria. 
Engineers will be eligible to apply for three 
categories of registration; as professional 
engineers, technician engineers or en- 
gineering technicians. Registration for 
each category will be in three stages, the 
first after completing an approved course, 
the second after training and the third. after 
work experience. Provision is also made 
for those entering the profession through 
unorthodox routes. And all those now re- 
gistered through the Engineers’ Registration 
Board of the Council of Engineering 
Institutions will automatically be registered 
with the new council at stage three. 

The role of the Engineering Council as 
registering authority calls into question the 
future of the Council of Engineering 
Institutions (CED. That body, however, 
expects to carry on with business as usual 
for perhaps two years until the new council 
is operating fully, Any change in its status 
will then mean revoking its own Royal 
Charter, a move which cannot be taken 
without a two-thirds majority among its 
members. The battie for responsibilities 
could continue much against the wishes of 
Sir Monty’s committee and others who 
hoped to break the CEI’s grip. 

Judy Redfearn: 


University Grants Committee 
Biting the bullet 


The University Grants Committee 
considered earlier this year whether it 
should resign rather than administer the 
British government's 8.5 per cent cut in 
support for the universities, according to 
Dr Edward Parkes, the committee's 
chairman, in evidence to the House of 
Commons Select Committee on 
Education. But, in the end, the committee 
decided to soldier on, not wishing to be a 
‘‘fair-weather committee” and believing 
itself to be the only group with a 
sufficiently detailed knowledge of the 
British university system. 

Some Members of Parliament were 
clearly disappointed that the committee 
had not given them the tangible weapon 
against the government that a mass 
resignation would have provided. The 
select committee was also chagrined that 
Dr Parkes declined to hand over copies of 
his correspondence with the Secretary of 
State for Education, Mr Mark Carlisle, in 
which — according to his evidence — he 
had warned the British government of too 
rapid a contraction of the university 
system. 

Although Dr Parkes’s evidence, like that 
of a delegation from the Committee of 
Vice-Chancellors and Principals, was 
taken in private, a transcript of the pro- 
ceedings was made public last week after 
the witnesses had confessed themselves 
puzzled that the hearing had been held in 
private. Perhaps the select committee had 
been hoping that its witnesses would have 
been more open, even gossipy. 
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Much of Dr Parkes’s evidence 


concerned the criteria his committee had 
used for allocating funds to the various 
universities. The relatively favourable 
treatment for science is apparently 
accounted for by the ‘‘swing back to 
science” evident in recent applications 
from would-be students. Within biology, 
Dr Parkes said that the committee had 
taken the opportunity to encourage 
courses and departments with economic 
potential. Departments of social science, 
whose student numbers are to be cut 
collectively by 12 per cent in the next few 
years, will suffer chiefly at the ‘‘soft end’’, 
partly on the grounds that student demand 
is falling and partly because staff—student 
ratios in some of the departments 
concerned are too small for good research 
to be feasible. The grants committee had 
not, however, been influenced to any 
substantial extent by ‘‘manpower 
considerations’’. 

Nor, according to Dr Parkes, had 
regional considerations played a part in his 
committee’s planning except in special cir- 
cumstances — the argument, for example, 
that the Universities of Glasgow and 
Strathclyde should between them be able to 
provide a full range of courses in higher 
education to satisfy the needs of students 
from south-west Scotland, where regional 
loyalties are strong. 

The qualifications of students entering 
universities had counted in the grants 
committee’s calculations, but Dr Parkes 
said last week that the committee had tried 
to strike a balance between institutions 
with high-quality entering students and 
those apparently able to provide less highly 
qualified students with good degrees and 
useful adult careers. 

On the contentious issue of the research 
records of various departments, Dr Parkes 
rejected the criticism that too much 
attention had been given to the success with 
which departments were able to recruit 
grant support from the publicly funded 
research councils. Instead, he argued that 
industrially supported research usually 
provided university departments with a 
measure of overhead support, with the 
result that the grants committee could 
legitimately confine itself to the public 
provision of research support. 

The joker in Dr Parkes’s pack appears to 
be the quality of teaching in individual 
departments and universities, which was 
also one of his committee’s criteria. 
Insisting that judgements of this kind must 
necessarily be to some extent subjective, 
and that little could be done to develop 
objective criteria based on graduation 
results, he will not have stilled the charge of 
prejudice made in the past few weeks by 
several universities. 

Dr Parkes agreed, however, with the 
vice-chancellors that his committee’s 
ignorance of the other sector of British 
higher education, represented principally 
by the 26 polytechnics, is a serious obstacle 
to sensible planning. 
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US university research 
Industry to provide 


Washington 

Increased incentives to private 
companies which support basic research in 
US universities were contained in a tax 
package, backed by President Reagan, 
which was passed by Congress on Monday 
this week. 

The tax incentives were considerably 
broader than the Administration had 
initially proposed and unlike that part of 
the bill dealing with cuts in personal 
taxation, credits for spending on research 
received wide bi-partisan support. 

Initially the Administration, in its tax 
package put to Congress in March, had 
concentrated on shortening the period in 
which research and development equip- 
ment could be written off. Both House and 
Senate have now passed bills under which 
such equipment can be fully depreciated 
over three years, two years less than is 
allowed for other capital equipment. 

The protracted debate over these proposals 
gave individual congressmen a chance 
to add their own suggestions for reducing 
the tax burden on the private sector. One of 
these is the idea, originally raised by Repre- 
sentative Charles Vanik, that companies 
should receive substantial credit for money 
used to support basic research in 
universities. 

When the tax bill was passed to the 
House Ways and Means Committee, 
groups such as the Association of 
American Universities and the American 
Council on Education argued that such an 
addition would help offset reduced federal 
support for university research. 

Dr Donald Kennedy, president of 
Stanford University, told the oversight 
subcommittee of the House Science and 
Technology Committee in June that the 
additional tax credits, which had been put 
forward in a separate bill sponsored by 
Congressman James Shannon, would 
“significantly invigorate” the relationship 
between industry and universities ‘‘without 
some of the hazards that I see in the present 
helter-skelter pattern of affiliation’. 

In the same vein Dr Paul Gray, president 
of Massachusetts Institute of Technology, 
told the Ways and Means Committee that 
tax credits would create an ‘urgently 
needed”’ increase in the flow of corporate 
funds for university research. At present 
about $210 million — or 3.5 per cent — of 
university research funds is provided by the 
private sector, the bulk of the rest coming 
from federal government. 

Responding to such arguments, the 
committee not only included a tax credit 
for any increased research expenditures, 
but confirmed that existing tax provisions 
affecting both gifts direct to academic 
institutions and to third-party tax-exempt 
organizations, such as foundations, would 
persist. 

However Dr Kennedy and Dr Gray were 





Australasian fellowships | 
The council of the Royal Society has set 


up a new research fellowship designed to 
further the United Kingdoms scientific 
collaboration with Australia and New 
Zealand. Main purpose of the fellowship 
is to improve access to major ‘‘facilities’’ 
such as unique features of the geological, 
oceanographic or biological environ- 
ment, astronomical centres and nuclear 

physics and biotechnology laboratories. 
The scheme is aimed at British and 
Australasian postdoctoral scientists 
wishing to undertake research or to learn 
new techniques. The fellowships last 
from three to twelve months, and are the 
result of discussions between the Royal 
Society, its Australian and New Zealand 
equivalents, the UK Science and 
Engineering Research Council and 
Australasian government departments. 
The Australasians have yet to find the 
funds for the scheme, so the Royal 
Society, encouraged by £15,000 from BP, 
has forked out £50,000 for the first year 
of the enterprise. Interested scientists and 
engineers, or their potential hosts, are 
invited to apply. Philip Campbell 
a | 











unable to convince Mr Donald Regan, 
Secretary of the Treasury, that the extra 
credits for support of university research 
should be included in the bill. 

The bill was eventually defeated after a 
bitter fight over the timing of cuts in 
personal taxes on the floor of the House. 
But the Republican-sponsored measure 
which replaced it, with the support of 
several conservative Democrats, adopted 
virtually identical language in its section on 
tax credits for research expenditures within 
the private sector. 

There were some differences. The House 
bill, for example, includes corporate 
expenditure for university research in the 
base from which the additional expen- 
ditures, which would be eligible for the tax 
credit, are calculated. This will 
substantially reduce the size of the credits 
over those supported by the committee. In 
addition, the House bill specifically 
excludes tax credits for the support of 
research in the social sciences and the 
humanities. 

The result is that there will be a small 
credit for basic research as well as a 
provision that research equipment given to 
a university, provided it is less than two 
years old, can be counted by a company as 
a charitable contribution. 

The major question now is whether all 
the proposals made in the House bill will be 
agreed by the Senate. At present, however, 
the Senate version does not include the tax 
break for basic support in universities. 
Representatives from the two legislative 
bodies met this week to iron out their 
differences; in the absence of significant 
opposition the university tax credits 
survived into the final bill. 

David Dickson 
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Brazilian research funding 
Sliding backwards 


Rio de Janeiro 

There is uncertainty and alarm among 
Brazilian scientists following a series of 
forums held during the past few months at 
the request of the Brazilian Association for 
the Advancement of Science and involving 
the heads of the various funding agencies. 
Still no official government policy has been 
announced, and scientists are very much in 
the dark about the future of Brazil’s 
science funding. 

With inflation at 110 per cent this year 
and confronted with shrinking research 
budgets and graduate scholarships, re- 
search scientists, particularly those at uni- 
versities, are concerned by suggestions 
made by Gerson Ferreira Filho, new 
director of the Financing Agency for 
Projects and Studies (FINEP), that his 
agency would abandon its policy of 
financing all institutions and only approve 
funding for specific projects. Support for 
institutional funding, he said, would be 
transferred to the Ministry of Education. 

The Minister of Education, General 
Rubem Ludwig, in his turn, has hinted at 
the possibility of changing the status 
of 19 federal universities to that of 
“foundations’’, capable of ‘‘more 
financial flexibility’’. This would force the 
universities to balance their budgets by 
charging high tuition fees, making Brazil’s 
education system even more discrim- 
inatory than it isnow. Even with 65 per cent 
of the Ministry of Education’s budget 
going to higher education, academics point 
out that the amount is ridiculously small. 
Education’s share of the national budget 
has fallen from eleven per cent 10 years ago 
to less than five per cent today. And the 
Secretary for Higher Education, although 
admitting at one of the forums that ‘‘we’ve 
reached the last line of defence at the 
bottom of the financial pit’’, has made no 
proposals for improving the situation in the 
immediate future. 

Another area of concern is the size of the 
support provided by FINEP, which 
amounts to $100 million per year for all 
fields of science. In principle other funds 
are available from FINEP for industrial 
development projects, but these are in the 
form of loans to private industry and 
government agencies, rather than aca- 
demic institutions. Funds are allocated 
without external review, and this lack of 
participation of the scientific community 
was strongly criticized recently in a docu- 
ment signed by fourteen scientific 
associations. 

The problems of inflation have hit 
particularly hard at those receiving grants 
and scholarships from the National Centre 
for Research (CNPq). The recent 
introduction of fixed ceilings for 
scholarships was strongly denounced at the 
forums, and CNPq, with a meagre $10 
million budget, has announced a policy of 
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increasing the number of scholarships on 
offer by reducing the size of each one. 
CNPq’s deputy director has agreed to 
increase the value of grants already 
awarded to keep them in line with inflation. 
Fixed ceilings, however, would apply for 
all new grants and there are rumours that 
CNPq’s own budget will not be adjusted 
for inflation next year. 

When, at one of the forums Senhor Ferreira 
claimed that this year’s budget was 38 per 
cent higher than in 1980, he was interrupted 
by one of Brazil's leading economists, 
Professor Maria da Conceicao Tavares, 
who demanded “honesty in words’’, 
saying that because of inflation a 38 per 
cent absolute increase implied an effective 
cut of 60 per cent. Suggestions from admin- 
istrators that scientists and professional 
organizations should lobby the govern- 
ment for more funds were quickly rejected 
by the scientists present, who pointed out 
that lobbying requires an effective 
Congress. In Brazil, however, Congress 
does not even legislate over budgetary 
matters — as these have been the sole 
responsibility of the Presidency since 1967. 

Maurice Bazin 


Soviet plate tectonics 


Open approval 


Moscow radio has denied Soviet 
prejudice against the ‘‘new global 
tectonics”. On the contrary, according to 
Moscow radio’s world service, there is a 
“healthy climate” of ‘‘perfectly normal 
scientific controversy’’ about continental 
drift and plate tectonics. The radio’s 
science correspondent, Boris Belitskii, said 
that Western speculations that there are 
political overtones to the controversy are 
‘‘quite absurd”’. 

As evidence, Belitskii cited two tributes 
which appeared in Soviet learned journals 
last year on the centenary of the birth of 
Alfred Wegener. One article, said Belitskii, 
was written by a strong opponent of 
Wegener’s views, Dr Evgenii Milanovskii, 
while the other was written by an 
enthusiastic supporter, Dr Portnoy, there- 
by making nonsense of Western ‘‘mischief- 
making insinuations”. 

Nevertheless, Belitskii acknowledged 
that many Soviet geologists do not support 
plate tectonics, considering that the theory 
cannot account for many aspects of con- 
tinental structure and evolution. 

Whether this leads to bias, or astifling of 
opinion, is not clear. Some who know the 
Soviet Union say that discussion among 
geologists is now quite free. At the same 
time, geophysical articles in the general and 
semi-popular media tended, until recently, 
not to support plate tectonics. One of the 
first approving popular articles was a 
progress report on the Baikal-Amur 
Mainline railway which observed in passing 
that, owing to continental drift, the line, 
when completed, would be some 50-70 cm 
longer than originally planned. Vera Rich 
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Chinese university development 
Help from afar 


Washington 
The World Bank and its soft-loan 
subsidiary, the International Development 





Association, have agreed to lend $200. 


million to the People’s Republic of China 
to support the courtry’s efforts in meeting 
its present shortage of trained scientistsand 
engineers. The loan is the first to have been. 
made to the republic since the country - 


assumed China’s representation at the . 
World Bank from Taiwan last May and is... 


the biggest loan ever made specifically for 
building up a nation’s scientific and 
technological base. y 
Half of the money will be provided by 
the World Bank at its standard interest rate 
of 9.6 per cent a year over 20 years, andthe — 
other half comes interest-free over 30 years 
from the International Development 
Association. The loans will go directly to: 
supporting China’s University 
Development Preject, which includes 


among its aims an increase in theenrolment i 


of science and engineering students at 26 

leading universities from 92,000 to 

125,000. 
In addition, the money will be used to 


introduce graduate degree programme, to. 


improve the general quality ofteachingand 
research, aft to strengthen the manage- 
ment of universities and the Ministry of 
Education. 

According to World Bank officials, the. 
government of the People’s Republic of 
China will contribute an extra $95 million. 
to the University Development Project as. 
part of a general effort to increase under-. 
graduate enrolment by 7 per cent a year up 
to 2.2 million in 1990. Graduate 
programmes will raise their enrolments 
from virtually zero to 200,000 by 1990. 

Of the total amount of $295 million for 
which the project has at present budgeted, . 
about $160 million will be used to buy 
instructional and research equipment: 
Most of this wil! be obtained through . 
international competitive bidding, a 
standard requirement of World Bank 
loans. Preference will be given to local 


manufacturers, but World Bank officials 


admit that ‘“‘the amount of equipment 
contracts to be awarded to local suppliers. - 
through international competitive bidding 

is expected to be small’’. 

China’s determination to proceed with 
its plans for science and technology edu- 
cation contrast with its decision substan- 
tially to reduce previous commitments to 
the purchase of capital research equip- 
ment. Plans for obtaining both a particle 
accelerator — which was to have been built.” 
to designs produced by the US Department” 
of Energy — and a telecommunications 
satellite which was to have been provided 
through the National Aeronautics and 
Space Administration, have both been 
shelved because ef the lack of available 
capital. David Dickson 
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Creation ‘‘copout’’ 


Sir — In a critique of American Creationism 
(Nature 2 July, p.95), Darnbrough, Goddard 
and Stevely state ‘‘no plausible theoretical 
model exists which provides a mechanism for 
the spontaneous generation of nucleic acids as 
informational macromolecules specifying 
polypeptides which themselves mediate the 
replication and expression of that 
information”, This statement is much like the 
definition of the same scientific chicken-egg 
problem by J. Monod (1971) and K. Popper 
(1974). 

One can argue plausibility indefinitely 
because the assessment of that quality is highly 
subjective. However, there has appeared, 
through experimental demonstration, a 
laboratory model of a cell-like structure with 
many of the properties required. This structure 
is composed of lysine-rich and acidic thermal 
polyamino acids! that complex with each other 
to form cell-like structures. Both in solution - 
and in suspensions of particles, these (self- 
ordered) polyamino acids catalyse 
simultaneously the formation of peptides and 
polynucleotides from ATP and free amino . 
acids (see ref.2). This model so fer leaves 
unanswered many of the questions about the 
origin of the genetic code, but it'demonstrates 
that the question is not.as scientifically 
imponderable as Popper and Darnbrough et 
al. have suggested. It does provide answers to 
some questions, such as how the two kinds of 
macromolecular synthesis could first have 
been closely coordinated. The sequence 
theoretically derived from those experiments 
is: amino acid sets -> protocells — nucleic acid 

+ protein 

I would not criticize Darnbrough et al. for 
not being aware of advances as recent as these 
(further details in the press). However, to 
attack an area of science because it has not yet 
reached a given stage, and then to argue a 
need for resorting to supernatural 
explanations because specific scientific 
answers are not reported, consolidated or 
agreed upon, is what is referred to in an 
American idiom as a ‘‘copout’’. 

Stpngy W. Fox 
University of Miami, 
Coral Gables, Florida, USA 


1. Fox, S. Nature 208, 328-340 (1965). 
2. Fox, S. & Nakashima Bio Systems 12, 145-156 (1980). 


Attack on Tamuz 


Sir — The editorial entitled ‘‘Making Israel 
Atone for Tamuz’’ (Nature.18 June, p.523) 
has shocked and dismayed many of your 
faithful readers. It appears that Nature, a 
journal that has hitherto enjoyed an 
unparalleled reputation in the scientific 
community for publishing innovative and 
careful scientific observations, is now ~ 
embarking on a new course as a “yellow 
sheet’’ of political comment. One can only 
fear that subjective, biased, political diatribe 
as represented by your editorial will sully and 
finally displace the elegant work that has 
heretofore been the mark of publications in 
Nature. 





I must admit that the editorial was cleverly 
written. Under the guise of a great concern for 
the reputation of the Non-Proliferation Treaty 
the editorial proceeds to mount a political 
attack on Israel and depicts Iraq, a signatory 
of the treaty, as an innocent, wholesome and 
wronged party, even deserving financial 
redress through ‘‘international legal 
processes’’ for the destruction of its means 
for producing awesome weapons. 

Scientists are wont to deal with observations 
and to derive probability statements for 
predicting future phenomena based on past 
observations. Let us apply some logic to the 
editorial at hand. Unfortunately, although 
Iraq is a signatory of the Non-Proliferation 
Treaty, past actions have shown that in the 
case of Iraq ‘‘the sword is mightier than the 
pen’’, In the course of history the signatures 
of dictatorial governments have proved 
worthless. Iraq, by its own declaration, has 
maintained a continued state of war with 
Israel and has recently branched out in its 
military adventurism by an unprovoked attack 
against its neighbour, Iran. Iraq has been at 
the forefront of frenzied calls for the total 
destruction of Israel and has given both 
financial and military support to the terrorists 
who have revelled'in the wanton murder of 
innocent civilians, especially women and 


' children. Parenthetically, I did not note 


editorials in Nature either denouncing the 
bombing attack by Iran, albeit unsuccessful, 
against the nuclear reactor in Iraq, or decrying 
the slaughter of innocent women and children 
in Israel by terrorist attackers. 

The editorial does not at all address the 
question as to why Iraq was stockpiling 
uranium suitable for the manufacture of 
atomic weapons, Much faith is placed in 
international commissions and the cursory 
inspections of the Iraqi reactor. It is ludicrous 
to believe that a government bent on 
production of nuclear weapons could not hide 
such facilities. Furthermore, what good is the 
knowledge that nuclear weapons are being 
produced once all the production capabilities, 
including the raw materials, are in place? 
Would a contrite editorial in Nature bring 
back to life the many thousands of casualties 
that would result from even one atom bomb 
dropped on Israel? Or might the response to 
such an unthinkable event be equivalent to the 
world response witnessed during the Nazi 
outrages? Even the United States government 
was quite concerned by Iraqi intentions as 
evidenced by the testimony of Mr Roger 
Richter before the US Senate Foreign 
Relations Committee. f 

As a native-born American, and a former 
officer in one of the US uniformed services, I 
am offended by the ugly term “Zionist vote’’. 
Fortunately, the majority of. American voters 
speak to reality, and feel an affinity for Israel 
as the bastion of an open and democratic 
society in an area where tyrants and dictators 
prevail. i ‘ 

Unfortunately, the threat of nuclear 
retaliation is perhaps the only deterrent that 
Israel has against total annihilation by its 
truculent neighbours. Indeed, it appears that 
not only does Israel require this deterrent 
against its threatening neighbours, but perhaps 
also against such editorials as that in Nature. 

Finally, aside from the question as to 


whether one does or does not justify the Israeli 
destruction of the Iraqi nuclear reactor, | 
believe that one can assert that editorials of 
political diatribe do not belong in a premier 
scientific journal such as Nature. 

S.Z. HIRSCHMAN 
Mount Sinai School of Medicine of the 

City University of New York, 

New York, USA 


Certain points raised in this letter have been 
discussed in a subsequent editorial (Nature 
16 July, p.185) — Editor, Nature. 


Researchers insecure 


Sir — ‘‘Poaching’’ of ideas and staff between 
competing institutions is not a new 
phenomenon (A.J.8. Davies, Nature 2 July, 
p.96), though I doubt if it has (yet) reached 
serious proportions. A more serious problem, 
exacerbated in recent years by economic 
constraints, is that research teams usually 
include several young postgraduate and 
postdoctoral workers financed by short-term 
grants of 1~3 years’ duration. The present 
system by which these are made available does 
not permit, let alone encourage, such scientists 
to remain in the teams where they begin to 
develop their expertise. There are two 
powerful reasons in particular for this. One is 
the present dire shortage of permanent posts in 
the academic sphere. The second is that it now 
appears to be the general policy that a young 
scientist should not be the recipient of more 
than 2 three-year grants from such bodies as 
the Medical Research Council. Consequently, 


‘after 6 years, such people may be obliged to 


find other employment anyway. 

In most cases, the prime motivating force 
for a young scientist is not so much the chance 
to earn a large salary as reasonable security in 
order to develop his or-her own skills and 
ideas over the long term. To be in a constant 
state of anxiety, for the future, no matter what 
one achieves, seriously undermines one’s 
ability to do this. Sadly, neither the 
universities nor the major funding bodies (the 
government and research councils) in Britain 
seem to have grasped this simple concept. 

A certain degree of flexibility for movement 
between institutions is highly desirable, but 
many young scientists would welcome a 
contract that bound not only them but also 
their employer in the long term. Present 
conditions in Britain promote academic 
paralysis by destroying flexibility — those with 
secure jobs stick to them — while denying 
encouragement and opportunity to the young, 
and with that the long-term success and well- 
being of research teams. 

MICHAEL W. RUSSELL 
University of Alabama, 
Birmingham, Alabama, USA 





Erratum 

In a letter published in Nature 14 May, p.104, 
the name of one of the members of the (US) 
Xeroderma Pigmentosum National Registry 
was omitted. The full list of members is: Alan 
D. Andrews, James L. German HI, Kenneth 
H. Kraemer and W. Clark Lambert. 
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total human protein map 


Now that such powerful techniques are 
available for the sequencing of DNA and 
the study of genome organization, some 
scientists are turning to what might be the 
next large-scale challenge — the separ- 
ation, identification and measurement of 
the gene products. ` 

At a recent workshop*, the possibility of 
making a complete catalogue of animal cell 
proteins using two-dimensional gel electro- 
phoresis was discussed. In man there are at 
least 30,000 different proteins (although 
maybe only 10,000 in a given cell type) and 
the technique has already been used to 
separate and catalogue more than 1,200 of 
them (R. Bravo et al. Cell Biol. int. Rep. 
5393, 1981). 

At the workshop it was confidently 
stated that it will be possible to detect 2,000 
to 3,000 proteins with present technology. 
Further progress can be made by 
fractionating cellular components before 
carrying out two-dimensional separation. 
This will bring many proteins present in 
small arnounts to the level at which they can 
be detected. 

There are three main problems in trying 
to produce a catalogue of proteins for 
human or any other animal cells: how to 
make methods of protein identification 
reliable and reproducible; how to store the 
immense amount of data produced in a 
usable form; and how to name and cata- 
logue the separated proteins. 

The question of reproducibility is clearly 

. the most serious problem and needs to be 
solved first. At present gel chemistry is not 
under complete control and, among the 
many parameters discussed, it was 
generally agreed that the first essential is 
the standardization of the commercial 
production of ampholytes for the first 
separation by isoelectric focusing. 
Attempts have been made to overcome 
standardization problems by R. Bravo 
(University of Aarhus), L. Anderson 
(Argonne National Laboratory)and J. 
Garrels (Cold Spring Harbor Laboratory) 
and a representative of a commercial 
concern expressed confidence that the 
requirements of the research scientists 
could be met in the future. Indeed, an 





* The EMBO workshop on ‘The standardization of a 
numbering system of animal cell proteins separated by rwo- 
dimensional gel electrophoresis’ was held at Aarhus University, 
Institute of Chemistry, June 30 and July | 1981, and was 
organized by J.E. Celis of the Department of Structural 
Biochemistry, Aarhus University. 
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Towards a 


from Brian F.C. Clark 


arrangement was to be made to provide 
specified laboratories with samples of 
ampholytes until all appropriate criteria 
were met. Since future automatic 
measurements and clinical applications 
depend on the reproducibility of the 
technique, this arrangement was of great 
significance for the workshop. 

In the two-dimensional separations it is 
now usual to take a total cellular protein 
extract which can be radioactively labelled, 
denature it, and apply it to two different 
first dimensions. Isoelectric focusing is 
used to separate neutral and acidic proteins 
and non-equilibrium pH gradient electro- 
phoresis for the basic proteins. After the 
first two dimensions have been run, each 
separated sample is applied to an identical 
polyacrylamide gel containing SDS to 
provide the second dimension of electro- 
phoretic separation. 

J. Garrels’ laboratory routinely stan- 
dardizes total protein extracts by using a 
number of different concentrations of 
polyacrylamide and several pH ranges. Ina 
simpler, two-dimensional standardization 
(in cases for which it is justifiable to lose 
some basic protein resolution) his group 
runs only a broad-range (pH 3.5 - 10) 
isoelectric focusing electrophoresis for the 
first dimension. 

After separation the protein locations on 
the gel have to be visualized. Discussion 
was rather brief but there was a general 
consensus that fluorography provided a 
better and more accurate method than 
autoradiography. With unlabelled 
proteins the recently used silver stains are 
much more sensitive than Coomassie blue 
but produce variable results with gels more 
than one millimetre thick. 

The problems of data handling are 
obviously immense — even at the present 
time more than 1,300 proteins may be 
recorded in different cell types and under 
different conditions, and L. Anderson 
reported that his laboratory has already 
run 40,000 separations. There was, 
however, much optimism about current 
progress. Already it seems that automatic 
measurements of protein locations, 
together with computer storage and 
retrieval, will be possible in the laboratories 
of N. and L. Anderson, J. Garrels, K. 
Lonberg-Holm (Dupont), L.E. Lipkin and 
P.F. Lemkin (NIH) and E.P. Geiduschek 
(University of California, San Diego) 



































within the next year, Since these 
laboratories have access 16 medium-sized 
computer facilities, it was reassuring to 
small laboratories that A. Freiburghaus. 
(University of Cambridge) was alko 
optimistic of finishing his plans for general 
automatic measurement of twos 
dimensional gels using more standard 
university facilities. 

There was general agreement on the best 
approach to the third problem, that of the 
naming and cataloguing of the proteins. 1t 
was felt that, at present, any system relying. 
on accurate positional information was 
doomed to failure and that it is far too early 
to try to set up a master nomenclature. Esti 
mates of when this might be possible varied 
from three to five years. With this problem 
in mind, the Aarhus group described the 
advantages of labelling small numbers of 
cells with '*C -labelled amino acids so that 
raw data may also be preserved for long 
periods. 

Different nomenclatures will probably 
be necessary for different cell types. It was 
agreed that the current different nomen- 
clature systems used in different labor- 
atories should continue but with the 
intention of switching to a master plan 
when the separations can be suitably 
reproduced. Meanwhile, it was agreed that 
laboratories involved in cataloguing cell. 
proteins should exchange samples and. 
marker proteins so as to be able to :cross-. 
refer to separations in different 
laboratories. If the cross-referencing were 
done, then it should be possible at future 
workshops to assemble the available 
information (tissue specificity, 
modifications, hormonal responses) for 
the 100 or so most prominent proteins and 
to publish a compendium of such data with 
representative maps. The problem of 
protein identity was also discussed and a 
general appeal was made to anyone 
working with purified identified proteins 
to allow them to be located on the 
standardized two-dimensional gel 
separations. 

The workshop forecast that within a 
short time several data sets of catalogued 
proteins will be established in the USA and 
Europe. Possible locations would be the 
Argonne National Laboratory, Cold 








Brian F.C. Clark is Professor in the Division of 
Biostructural Chemistry, Department ef 
Chemistry, Aarhus University. 
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Spring Harbor Laboratory and the 
European Molecular Biology Laboratory. 

It was agreed that it was desirable to 
support a number of future research 
projects to obtain as complete a catalogue 
of proteins as possible for a small number 
of centrally important cell types. Probably 
the laboratories of L. Anderson, J. Garrels 
and J.E. Celis would concentrate at first on 
HeLa, human fibroblast, human lym- 
phocyte and mouse fibroblast cell types. 
The choice of the last cell type arose from 
the availability of genetic data for the 
mouse which, in future, will allow changes 
in the protein map to be related to changes 
in genotype. In this respect J. Klose 
(University of Berlin) described promising 
results from experiments in which he 
identified a small number of protein 
changes in mouse cells treated with the 
mutagen methylnitrosourea. 

The great potential of the method in 
clinical diagnosis was described by E. 
Jellum (University of Oslo) and L. 
Anderson. Jellum described the ‘Janus 
collection’, an impressive stock of human 
blood samples from 63,000 patients set up 
in Oslo in 1973. Since the patients have had 
samples taken yearly, when they develop a 


new disease it is possible to search through 
their protein record for several years before 
the disease was detected. Clearly a 
catalogue of human gene products could 
make it possible to detect metabolic irregu- 
larities and diseases, such as cancer, which 
affect gene expression. 

In terms of current costs, J.E. Celis’s 
group has estimated that one two- 
dimensional gel analysis can be made for 
thirty dollars, using '4C-amino acid 
labelling of cells. For the development of a 
computerized program for handling large 
numbers of reproducible analyses and the 
establishment of a human protein 
catalogue, the Argonne National 
Laboratory has estimated that a sum of the 
order of ten million dollars is required. The 
general impression given by the research 
workers involved was that a grant of a 
million dollars a year would be feasible 
from US granting agencies. 

The meeting ended on an optimistic note 
with the belief that present technical 
problems can be solved, and plans for co- 
operation and for communication of un- 
published data among the laboratories 
which are developing the technique can be 
implemented. go 


Lad 


Hormonal regulation of 


cloned genes 


from Philip Coffino 


How do steroid hormones work? 
Glucocorticoids and the sex-related 
steroids, oestrogens, progesterones and 
testosterones, have profound effects on 
development and differentiation. A 
consensus exists on the early and late steps 
of their action, The hormones enter a cell 
and bind toa specific cytoplasmic receptor. 
The steroid—receptor complex undergoes a 
structural change that results in its entry 
into the nucleus. In the nucleus a series of 
events ensue that lead to an increased rate 
of transcription from specific genes, witha 
consequent increase in the steady-state 
level of mRNAs generated from these 
transcripts. (Other mechanisms, such as 
changes in mRNA stability, may also playa 
part in some cases.) The nature of the 
events involved in transcriptional regu- 
lation by the steroid-receptor complex in 
the nucleus is obscure. 

This problem is a special case of a more 
general one: how is gene expression con- 
trolled to produce cellular differentiation 





Philip Coffino is in the Departments of 
Medicine and of Microbiology and 
Immunology, University of California, San 
Francisco, and is currently on sabbatical at the 
Institut de Chimie Biologique, Strasbourg. 


and modulated by hormones and other 
physiological effectors in differentiated 
cells? Cloning of eukaryotic genes in recent 
years has yielded considerable information 
on gene structure, but relatively little on 
regulation. Cloned genes, for example 
globin and ovalbumin, have been placed in 
cells and shown to function there. 
However, in their new environment, these 
genes did not respond to the regulatory 
signals that work im vivo. Recently, a series 
of papers has demonstrated that hormone- 
dependent control of expression can take 
place in cloned genes put back into cells. 
This work and natural extensions of it 
promise to help elucidate the molecular 
mechanisms of steroid hormone action. 
An attractive model, derived from our 
understanding of how gene expression is 
managed in bacteria, postulates that the 
steroid hormone—receptor complex binds 
with specificity and high affinity to a region 
of DNA which lies near the gene whose 
transcription it regulates. The model 
predicts, as has now been found possible in 
two distinct systems, that isolated DNA 
containing the regulable gene, introduced 
into a hormone-responsive cell, should 
show regulation dependent on the 
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hormone. 

Mouse mammary tumour virus 
(MMTV) is a RNA virus that may be trans- 
mitted as a virion, producing mammary 
carcinomas in female mice and productive 
infection in rodent tissue culture cells. Like 
other RNA tumour viruses, it replicates by 
synthesizing a viral DNA copy. MMTV- 
like DNA is also present as an endogenous 
provirus in the genome of mice. In 
mammary tumour cells and in virus- 
infected cells, glucocorticoid hormones 
rapidly and dramatically enhance the rate 
of synthesis of MMTV RNA. Two recent 
papers from the Swiss Institute for 
Experimental Cancer Research describe 
the cloning of MMTV DNA, the 
introduction of that DNA into mouse 
tissue culture cells and the regulation of 
MMTV RNA expression in the cells thus 
transformed. In one case, the full genome 
of MMTV was cloned from the closed 
circular DNA of infected rat hepatoma 
cells (Buetti and Diggelman Cell 23; 335, 
1981). In a second approach, the MMTV 


‘provirus and flanking host cell sequences 


were cloned from a mouse liver DNA 
library (Hynes, Kennedy, Rahmsdorf and 
Groner Proc. natn, Acad. Sci. U.S.A. 78; 
2038, 1981). In each case the cloned DNA 
was introduced into thymidine kinase- 
deficient mouse L-cell fibroblasts, cells 
that have glucocorticoid receptors. The 
now-standard technique of co-transfection 
with DNA containing the herpes thymidine 
kinase-proficient cells was used to 
introduce the MMTV DNA. In this way, 
L-cell clones, each carrying multiple copies 
of the MMTV DNA, were obtained. Treat- 
ment of the transformed cells with the 
glucocorticoid dexamethasone resulted ina 
§-10-fold increase in the level of poly- 
(A)-containing MMTV RNA. Expression 
of the cloned DNA was thus shown to 
respond to hormone in a manner similar to 
that found in cultured mouse mammary 
tumour cells or virus-infected rodent cells. 

Hormonal regulation of another cloned 
gene is reported by Kurtz of the Cold 
Spring Harbor Laboratory (Nature 291; 
629, 1981). The rat protein œ, globulin is 
synthesized in liver and excreted in urine. It 
is regulated in vivo by multiple hormones, 
including glucocorticoids, which enhance, 
and oestrogens, which suppress, its 
synthesis. The protein is encoded by a 
multi-gene family. Two of these genes were 
cloned and the cloned DNA introduced 
into L cells using the herpes thymidine 
kinase co-transfection technique. L-cell 
clones transformed with one of these genes 
showed dexamethasone-induced 
enhancement of e, globulin mRNA levels 
in 8 of 12 cases, and transformation with 
the other gene conferred a positive 
response in 4 of 9 clones. Again, individual 
L-cell clones each carried multiple a,,, 
globulin gene copies. 

The question of how glucocorticoids 
regulate genes is but a fragment of the 
problem of differential gene expression, of 
how genes are turned off and on by differ- 
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entiation and by physiological changes. 
The studies described here show that, 
placed together, a cell and a cloned gene 
can modulate the level of that gene’s RNA 
product in response to a glucocorticoid. 
The nature of the contribution of each is 
not resolved. Does the hormone-—receptor 
complex interact directly with sequences in 
or near the cloned gene, in flanking host 
cell sequences or at more distant sites? Do 
all copies of the gene function, or only 
some, and if the latter, what distinguishes 
the responsive copies? Is the regulation 
shown here transcriptional or does it lie at 
the level of RNA stability or processing? 
Why do the cloned genes work at all in L 
cells? In the case of MMTV the gene is 
already there in the form of a provirus, but 
is not expressed, while the normal 
functional environment of the a, globulin 
gene is a liver cell, not a fibroblast. Can 


these differences in function be accounted 
for in terms of chromatin structure, DNA 
methylation, the nature of flanking 
sequences or in some other way? 

It is probable that we will soon have 
answers to those and related questions. The 
MMTV oau and other hormone-responsive 
genes, natural or constructed, will be 
sequenced, cut, modified and asked to 
perform in cells, and the transformed cells’ 
DNA and chromatin will be picked at with 
nucleases and restriction enzymes. 
Experiments of this kind will define the 
elements needed to make the system work 
and this understanding will guide efforts to 
design a fully defined hormone-regulated 
in vitro transcription system constituted of 
purified components. A crucial early step 
of this ambitious programme has been 
achieved and the rest will find no lack o 


willing hands. E 


Eruption mechanics on the 
Earth, Moon and Mars 


Jrom G. Wadge 


THE discovery of volcanic eruptions on Io 
by the Voyager 1 spacecraft! was exciting 
visual proof that volcanism, in this case 
based on sulphur, is a major process on the 
surface of at least one planetary body other 
than Earth. There is abundant, though less 
spectacular, visual evidence of past 
volcanism on Mars and the Moon; most of 
this volcanicity occurred in the early 
history of these planets. Volcanologists are 
faced with the problem of how to interpret 
this evidence in terms of eruptions which 
ended billions of years ago. One of the 
most productive methods has been to 
compare the known magma properties and 
conduit systems of volcanoes on Earth with 
the equivalent putative values for the other 
planet, deduce what volcanic landforms 
these eruption mechanics should produce 
and see whether these agree with the obser- 
vations. Recently Wilson and Head? 
reviewed the mechanics of erupting 
basaltic magma on the Moon using this 
approach. Their conclusions, perhaps 
rather surprisingly, generally emphasize 
the similarities between terrestrial and 
lunar flood basalt eruptions. 

On both bodies magma rises to less than 
2 km below the surface before gases begin 
to exsolve, mainly H,O and CO, on Earth, 
and CO on the Moon. Wilson and Head 
assume that CO is the main lunar volatile 
phase and is soluble in silicate magmas — 


G. Wadge is at the Lunar and Planetary 
Institute, Houston. 
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but there is little direct evidence. The rates 
of rise of magma before this vesiculation 
are limited by the degree of cooling and the 
attendant increase in viscosity, and by the 
yield strength of the magma. Wilson and 
Head find that a very small range of 
conduit widths (0.1-4 m) is adequate to 
explain the whole spectrum of terrestrial 
eruptions, from the magma that barely 
reaches the surface to gigantic eruptions 
exemplified by the Columbia River flood 
basalts. The most striking feature of lunar 
volcanism is the great length and volume of 
many of the recognizable mare flows. This 
study clearly shows that the feeding fissures 
of these huge, high-effusion rate eruptions 
need to have been only slightly wider than 
those on Earth, perhaps 10-25 m. We see 
little evidence of these source fissures on 
the Moon and should not expect to, for 
they are too narrow. 

Lunar basaltic magmas came from 
deeper sources (~100 km) than most 
terrestrial basalts and were also relatively 
denser compared with the overlying crust. 
Buoyancy is presumed to be the main force 
responsible for magma rise on the Moon as 
it is on the Earth. Thus lunar magma 
pressures should have been lower and the 
effusion rates less than terrestrial values. 
This conclusion is contrary to the observed 
size of the lava flows. A hydrostatic 
solution to this problem was proposed by 
Solomon? involving regional loading 
outside the mare basins. Wilson and Head 
now show that magma density contrasts 
were of the same order as those calculated 


for Earth (a few hundred kg per m°). The 
large magnitude of the lunar eruptions was 
due to the local extensional tectonic 
environment around the mare which 
allowed particularly wide fissures to 
develop. Lunar effusion rates were 
probably not exceptionally large compared 
with those for terrestrial flood basalts. 
What is remarkableis that some of the cal- 
culated eruption volumes (10°-10* km‘) 
represent a significant fraction of the total 
volume of mare voleanism (~ 10° km), 
CO concentrations in lunar basalts were 
probably about an order of magnitude less 
(a few hundred ppm} than average 
volatile contents of terrestrial basalts. As 
magma rose to the surface, this relative 
deficiency of volatiles would be compen- 
sated by an increased release of energy per 


unit mass due to thedecompression to zero. 


atmospheric pressure at the surface: The 
resultant disruption of magma into 
fragments would allow wide dispersion but 
the lack of an atmosphere would preclude — 
the complex differential sorting processes. 
typical of terrestria) pyroclastic eruptions; 


Instead, spectacular fountains of magma’. 


clots must have blanketed large areas” 
around lunar vents, and in many cases. 
these clots, uncooled by atmospheric inter- 
action, would have recoalesced on hitting 
the ground to form lava flows. 

Unlike the Moon, Mars has a thin but 
appreciable atmosphere and a gravity field 
intermediate between those of the Moon 
and Earth. One would expect martian 
volcanism to be a hybrid of the characteris- 
tics displayed by its planetary neighbours. 
Preliminary calculations, again by Wilson 
and Head‘, indicate that it should resemble 
Earth volcanism more than that of the 
Moon. They predict vigorous, convecting 
eruption columns, growth of gas bubbles in 
magma to about four times the equivalent 
size on Earth, and the common occurrence 
of high-pressure, explosive vulcanic 
eruptions caused by magma interaction 
with sub-surface ice. Of course, we know 
less about the tectonic setting and much 
less about magma compositions on Mars. 
than we do for the Moon. If these factors 
are not too different from the values 
assumed by Wilson and Head, then 
martian eruption mechanics should make. 
the development cf ignimbrites, by the 
collapse of large eruption columns, even 
more common thar on Earth. Can we see 
these ignimbrites? The answer given by 
Greeley and Spudis-in their review of the 
Mariner and Viking data is that despite 
several claims for their identification, 
unequivocal proof is lacking. Failure to 
identify ignimbrites on Mars could 
necessitate revision of the eruption models 
of Wilson and Head although it is more 





1. Masursky, Schaber, Soderblom & Sirom Nurture 286, 725 
(1979). 

. Wilson & Head J. gepphes, Res, B6, 2971 (1981). 

. Solomon Proc. 6th Lunar Sci. Conf. 021 975), 

. Wison & Head Abstr [2th Lunar Sei Conf, 
(1981). 

5. Greeley & Spudis Rev. geophys. Space Phys. 19, 13 
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probable that we need to look longer and 
more closely. 

The calculations of Wilson and Head 
assume that the pressure gradients driving 
erupting magma are equal to the lithostatic 
gradients — a reasonable assumption for 
generalized modelling. It is clear that this 
does not hold for all eruptions on Earth. 
Repeated fracturing and deformation of 


the surface during the eruption of central 
volcanoes is proof of this. Mars has huge 
central volcanoes which, like their 
terrestrial counterparts, exhibit a variety of 
evolutionary forms and undoubtedly have 
complex internal structures. In future we 
will need to incorporate elements of these 
massive surface structures into models of 


martian eruption mechanics. a 


Sedimentary sulphides 


from Philip Trudinger and Preston Cloud 


THE recognition that present reserves of 
minerals may be nearing exhaustion has 
increased interest in the help that models of 
ore genesis might give in the search for 
deep-seated deposits of commercial-grade 
minerals. That some strata-bound base 
metal sulphide ores may have formed 
syngenetically, that is, in the early stages of 
sedimentation, by deposition in 
sedimentary pile rather than by 
hydrothermal replacement was first 
proposed in the early 1950s. Since then, 
syngenetic models have been proposed for 
many deposits and often imply low- 
temperature deposition with the 
involvement of biological activity in 
mineralization. A timely review of 
evidence for and against biological and 
other syngenetic processes in sulphide ore 
genesis was provided at a symposium* held 
in Australia earlier this year. 

The characteristics of strata-bound 
sulphide ores were described by L. 
Gustafson (Australian National 
University, Canberra). The strata-bound 
sulphide and sediment-hosted lead-zinc 
and copper ores are features of the 
oxygenous Earth, and are no older than 2 
Gyr.The deposits are in tectonically active 
intracratonic settings, commonly 
associated with volcanism, with 
indications of aridity or hypersalinity. The 
local settings are ones in which 
groundwater can move to shallow sites of 
sulphide deposition. The deposits are 
characteristically associated with redbeds, 
either beneath or interbedded with them. 
This is particularly true of copper ores, 
most of which are found in reduced 
sediments, often at a redox interface; for 
example, between red and green sediments. 
Zoning patterns are usually related to 
‘plumbing systems’, both stratigraphically 
and areally. The timing of metal fixation 





*A symposium on Sulphide Mineralization in Sediments: 
Current Status of Syngenetic Theory was held at the Australian 
Academy of Science, Canberra, from March 2 to 4, 1981. H was 
sponsored by the Baas Becking Geobiological Laboratory and 
formed part of the programme of IGCP Project 157 on Early 
Organic Evolution and Mineral and Energy Resources. R was 
attended by over 100 scientists from the mining and petroleum 
Industries, universities and government research laboratories, 
Abstracts and several full papers will be published in December 
1981 in the Bureau of Mineral Resources Journal of Australian 
Geology and Geophysics 6, No. 4. 
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relative to deposition and diagenesis, and 
the temperature of mineralization, are of 
crucial importance but are, as yet, poorly 
understood. Sulphur isotope values reflect 
processes at the sites of deposition rather 
than the source of the sulphur. Finally, 
unlike volcanogenic deposits which range 
across the copper-zinc axis on a lead—zinc— 
copper ternary diagram, the strata-bound 
copper and lead-zinc deposits mostly 
cluster in the copper corner or line up along 
the lead-zinc edge respectively. 

Gustafson emphasized the problems 
arising from variable usage of the terms 
syngenesis, diagenesis (processes taking 
place after sedimentation) and epigenesis 
(processes taking place after sediments are 
compacted). Different scientists draw their 
boundaries at different places. He 
concluded that most of the deposits in 
question are diagenetic, with metals 
derived from within the sedimentary 
sequence but outside the areas of ore 
deposition. Local reduction of sulphate is 
probably responsible for deposition of 
most copper and some lead~zinc, but more 
than one source of sulphur and mechanism 
of fixation exists. Variations are, however, 
observed towards both later epigenetic, 
and earlier syngenetic, processes. 

Several papers dealt with specific ancient 
strata-bound sulphides —- especially the 
Mount Isa ores of north-west Queensland, 
the McArthur deposits of Northern 
Australia, and the Mt Gunson copper 
deposits of the Stuart Shelf, South 
Australia. Methods of investigation 
included isotope tracers, mass-transfer 
modelling, fluid inclusion palaeother- 
mometry and palaeosalinity, detailed 
stratigraphy and petrology and bio- 
geochemistry. A consensus of opinion 
favoured a penecontemporaneous origin 
for the lead~zinc~silver ores at Mount Isa 
and McArthur, compared with an 
epigenetic hydrothermal origin for the 
associated copper ores at Mount Isa. The 
ore metals and most of the sulphide were 
introduced by exhalative processes 
although there is evidence that some of the 
sulphide in pyrite was of biogenic origin. 
Local karst-associated mineralization also 


occurs in the McArthur region, which 
further displays redox-related 
mineralization in the Woologorang 
Formation, some 3,000 m below the well 
known HYC deposit. 

Further evidence against ‘biogenic’ lead— 
zinc mineralization is the presence of 
saddle dolomite in carbonate hast rocks of 
many lead~zinc occurrences. The mineral 
indicates relatively high temperatures (up 
to 150°C) and is perhaps formed along with 
sulphides during inorganic sulphate 
reduction. 

At Mt Gunson, copper-iron sulphide 
minerals hosted by laminated mudstones 
and dolostones are of two generations. The 
sulphur itself was introduced at the same 
time as ancient coastal sediments and then 
reacted with sedimentary iron to form 
pyrite. This was replaced by copper 
introduced along faults and other 
channelways. 

C.C. von der Borch (Flinders University, 
South Australia) outlined how studies on 
modern depositional systems can lead to a 
better understanding of sedimentary 
controls on ore deposition. Noteworthy are 
deposits in oceanic rift zones (for example, 
the Red Sea and East Pacific Rise), which 
provide information on the sources of 
metal-enriched hydrothermal fluids, and 
contemporaneous deposition of metal 
sulphides, in settings analogous to some 
major ancient deposits. By contrast, 
modern shallow marine, subaerial and 
lacustrine sediments, while often 
resembling ancient counterparts that host 
stratiform and strata-bound ores, rarely 
contain metal sulphide concentrations 
significantly above background. 

The main factor controlling metal 
sulphide accumulation in reducing 
sediments remote from hydrothermal 
influences appears to be the supply of 
reactable metals rather than of sulphide. In 
many present-day shallow marine 
sediments, and in some deep-sea 
sediments, bacterial sulphate reduction is 
of sufficient intensity to generate sulphide 
concentrations one to two orders of 
magnitude higher than those actually 
observed. In the Holocene paralic 
carbonate complexes in northeastern 
Spencer Gulf, South Australia, low levels 
of metals limit mineralization even though 
the hydrological regime of this 
environment resembles those inherent in a 
number of models of ore genesis. 

Potential environments for large-scale 
biogenic sulphide deposition are those in 
which metal-enriched groundwaters mix 
with organic-rich, sulphidic sediments — 
perhaps exemplified by the Denali 
chalcopyrite—pyrite deposit in Alaska. The 
possibility of deposits containing sulphide 
of both hydrothermal and biogenic origin 
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is suggested by isotopic studies on the 
McArthur deposit and on the modern 
sediments of the rift-related Guaymas 
Basin, Gulf of California. 

Although it is now well established that 
bacterial sulphate reduction is a significant 
and rapid biochemical process in modern 
anoxic sediments, caution was advised in 
extrapolating local rates of sulphate 
reduction to regional models of 
mineralization. Rates are affected by many 
factors, including abundance of organic 
matter, rate of flow of interstitial water, 
bioturbation and, for intertidal sediments, 
the amount of time the sediment is wetted. 

Sulphur isotope data are frequently used 


in inferring the origins of mineral deposits and 
in interpreting the diagenesis of sulphur. The 
interpretation of such data is not, however, 
without difficulties. Patterns of 6°45 
frequencies in sulphides of modern 
sediments can be related to the supply of 
sulphate (open versus closed systems) but 
not to geological settings. In the reducing 
sediments of the Bali Trough, ?S in pyrite 
increased with depth, a trend similar to 
those reported for cores from the 
McArthur and Kupferscheifer deposits but 
which at present defies explanation. 
However, broad trends in the isotopic 
compositions of ancient minerals with time 
are perhaps more amenable to 
interpretation and suggest that sulphate 
became the major sulphur component in 
the hydrosphere, and bacterial sulphate 
reducers widespread, at about 2 Gyr BP. 
Anomalous 6°4§ distributions in 2.7-2.8 
Gyr old sulphides of the Michipicoten and 
Woman River deposits could have resulted 
from reduction of an oxidized species 
(sulphite?) other. than sulphate. 

Further papers dealt with the production 
and diagenesis of organic matter, the 
driving force for all biogeochemical 
processes, and the significance of organic 
carbon in ancient deposits. Benthic 
oxygen-evolving prokaryotes were seen as 
major organic carbon producers in 
marginal aquatic environments of arid and 
semiarid climates. Both field and 
laboratory studies indicated, however, that 
the bulk of the organic matter is rapidly 
remineralized, particularly by sulphate- 
reducing bacteria. 

In relatively young sediments, specific 
organic molecules of diagenetic origin 
provide clues to sources of organic matter 
(for example, marine versus non-marine), 
depositional environment (oxic compared 
with anoxic) and maturity of organic 
matter. With time, carbonaceous material 
undergoes a complex series of reactions 
leading to loss of volatiles and formation of 
different products — kerogen, fossil fuels 
or graphite. Even graphite may be oxidized 
to CO, by water at above 200°C, and can be 
removed from the system without trace. 
Thus, while reduced carbon (or graphite) 
occurs in sediments of all ages, including 
the 3.8 Gyr old metasediments at Isua, 
south-west Greenland, its significance can 
prove difficult to determine. Nevertheless, 
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considerable progress has been made 
towards identifying major biogeochemical 
evolutionary events in Proterozoic and 
older history through the use of carbon 
isotopic data on kerogens, together with 
fossil and other geochemical evidence. 
These data are now all consistent with the 
view that oxygenic photosynthesis had 
evolved by the late Archaean and that, 
thereafter, first the hydrosphere and then 
the atmosphere were progressively 
oxygenated. 

The symposium highlighted advances 
made over the past decade in our 
knowledge of mineral deposits and modern 


depositional systems. It stressed the need 
for continuing multidisciplinary research 
on the evolutionary cycles of elements 
involved in the making of either 
sedimentary ore deposits or fossil fuels. 
These cycles are, or may be, affected by 
biological processes at some stage in their 
history. Whether that is called syngenetic 
or diagenetic seems to be more a matter of 
discipline and definition than of timing. To 
the extent that we detected consensus, it 
was to the effect that major sulphide 
deposits seem to include both post- 
depositional sedimentary and later 


hydrothermal components. c 


Synthesis and function of 
metallothioneins 


from J. Kägi, T.L. Coombs, J. Overnell and M. 


As cadmium is a ubiquitous component of 
the Earth’s minerals, its transfer to animals 
and man through food chains cannot be 
avoided. Since the metallic ion is 
cumulative, long-lived mammalian 
species, even in uncontaminated 
environments, can accumulate appreciable 
body burdens of Cd** during their 
lifetimes. Most of this Cd?* is stored in the 
liver and kidneys as a soluble low- 
molecular-weight metalloprotein which 
contains not only appreciable amounts of 
Cd?+ and Zn** , but also an extremely high 
number of cysteine residues. The 
metalloprotein, named ‘metallothionein’, 
is a metallo-derivative of the sulphur-rich 
apoprotein, thionein. Thionein is an 
inducible protein and synthesis of usually 
short-lived metallothioneins, in which 
Zn?* and Cu+ are the major bound 
cations, occurs when the intakes or body 
burdens of these ‘essential metals’ are 
excessive. 

An explosive increase in interest in these 
metalloproteins followed observations in 
the 1960s that they accumulate in the liver 
and kidneys of rabbits in response to 
administration of cadmium salts. As there 
was evidence from Japan of a relationship 
between cadmium pollution and the Itai 
Itai disease, the hypothesis was put 
forward that the inducible synthesis of 
metallothionein formed a defence 
mechanism. Evidence soon accumulated 
that besides participating in cadmium 
sequestration, metallothioneins play a 
fundamental part in the homeostasis of 
certain essential cations, principally Zn? * 
and Cu?*, a function undoubtedly 
dependent upon their primary, secondary 
and tertiary structures. Analysis of recent 
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developments in the chemistry of 
metallothioneins, with its implications in 
biochemistry, nutrition, toxicology and 
medicine, formed the main objective of a 
recent meeting*. 

Sequencing and physico-chemical 
studies (J.H.R. Kägi, University of Zurich) 
show how the primary and tertiary 
structures have been conserved during 
many evolutionary stages. From UV, 
circular dichroism and magnetic circular 
dichroism spectroscopic studies on experi- 
mentally prepared cobalt(II)- and 
nickel(I])-metallothioneins, as well as the 
natural zinc- and cadmium-proteins, M, 
Vasak (University of Zurich) concluded 
that the cysteine residues are bound by 
their thiolate groups to these metals in a 
tetrahedral configuration. Electron 
paramagnetic resonance and magnetic 
susceptibility studies of the cobalt 
derivative suggest that the metal sites are 
joined in clusters with some of the cysteinyl 
residues serving as bridging ligands 
between the metals, as exemplified by an 
adamantane-type structure. 

Mammalian copper-metallothionein 
and the potential biological significance of 
its inducibility in some tissues by copper 
administration were discussed by I, 
Bremner (Rowett Institute, Aberdeen). 
The binding of copper to metallothionein 
differs from that of other metals and the 
metal to sulphur stoichiometry is much 
lower. The copper of anaerobically 
prepared metallothioneins is bound in the 
cuprous state in the form of Cu(])—thiclate 
complexes. The binding mode is consistent 
with unusual luminescence properties 
observed in copper-metallothionein from 
Neurospora crassa (K. Lerch, University of 
Zurich). 

That metallothioneins transfer metal to 








*A post-FEBS 2-day international meeting on metallothionein 
(organized by J. Overnell and F.L. Coombs) was held on Aprika 
and $ at the University of Aberdeen, Scotland, 
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apo-metalloproteins was supported by K. 
Lerch and by U. Weser and H. Hartmann 
(University of Tübingen). They showed 
reconstitution of different copper- 
dependent apoproteins with Neurospora 
and yeast copper-metallothionein 
respectively. However, no single function 
can be ascribed to metallothionein. M. 
Webb and K. Cain (MRC Tox:cology Unit, 
Carshalton) demonstrated that in rats the 
protein can act as a mobile zinc and copper 
reserve in maintaining homecstasis or as a 
control agent for zinc and copper uptake in 
fetal and neonatal life stages. The detoxi- 
cation role for controlling cadmium and 
mercury may well be a carry-over of this 
fetal mechanism into adult life. 
Introducing the topic of metallothionein 
biosynthesis, R. Palmiter and D. Durham 
(University of Seattle) described experi- 
ments carried out on mouse metallo- 
thionein gene structure. Recombinant 
cDNA and genomic clones corresponding 
to mouse metallothionein-1 have been 
isolated and characterized. The DNA 
sequence indicates that this gene spans 
1,100 base pairs with two intervening 
sequences (see Palmiter Nature 292; 267, 
1981). The gene is regulated at the trans- 
criptional level by heavy metals and less 
efficiently by glucocorticoid hormones 
both in vivo and in isolated cell lines. 


Several cell lines that were selected for 
resistance to cadmium were shown to have 
amplified their metallothionein genes, 
allowing enhanced synthesis of this metal- 
binding protein. In an elegant study using 
DNA recombinant techniques, the 
regulatory portion of the mouse metallo- 
thionein gene was fused to the structural 
gene of thymidine kinase, rendering this 
enzyme inducible by Cd?*. Furthermore, 
evidence was presented that the inducibility 
of the mouse metallothionein gene is con- 
trolled by DNA methylation. 

The application of high-pressure liquid 
chromatography to the assessment of 
homogeneity, structural investigations and 
the isolation of fragments from enzymatic 
and chemical cleavage of metallothioneins 
was described by K.J Wilson (University of 
Zurich). Other communications 
emphasized the importance of these 
metalloproteins in the homeostatic control 
of specific metals not only in mammalian 
species but also in yeasts, marine 
arthopods, crustaceans, eels and sea-birds. 
From the significant developments that 
were reported in all fields it seems that the 
elucidation of the mechanisms of 
synthesis, degradation, gene regulation 
and of the structural arrangements at the 
metal-binding sites of the metallothioneins 


is ‘just around the corner’. E 


Treating urea cycle defects 


from Vicente Rubio and Santiago Grisolia 


THERE is much interest in the treatment of 
inborn errors of the urea cycle. As pointed 
out by Smith! in her excellent review, the 
prospects for patients with deficiencies of 
this cycle are far better now than in the 
recent past. Therefore, we regret her 
omission of N-acetylglutamate synthetase 
deficiency and of N-carbamoyl glutamate 
as a therapeutic agent for this condition. 
N-acetylglutamate, synthesized by 
N-acetylglutamate synthetase, is the 
physiological activator of mitochondrial 
carbamoyl phosphate synthetase. 
Deficiency of N-acetylglutamate 
synthetase should induce hyperam- 
monaemia. The deficiency cannot be 
treated by administration of N-acetyl- 
glutamate because this compound is 
deacylated by cytosolic deacylases and it 
does not permeate the mitochondrial 
membrane. However, carbamoyl! phos- 
phate synthetase is also activated by 
analogues of N-acetylglutamate, such as 
N-carbamoyl glutamate’, which is resistant 
to deacylases and which, when injected 
into rats, can be found in the 
mitochondrial matrix of liver cells’. 
Therefore, it is not surprising that 
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Bachmann et al.4, who recently described 
the first case of hyperammonaemia due to 
N-acetylglutamate synthetase deficiency, 
found that N-carbamoyl glutamate is 
indeed extremely effective in the treatment 
of this condition. 

As indicated by Smith, increases in the 
levels of N-acetylglutamate leading to 
greater activation of carbamoyl phosphate 
synthetase may improve control of 
ammonia levels in ornithine carbamoyl 
transferase, arginosuccinate synthetase 
and arginosuccinate lyase deficiencies and 
in partial defects of carbamoy! phosphate 
synthetase. Thus, although N-carbamoyl 
glutamate should be regarded as the 
specific treatment for N-acetylglutamate 
synthetase deficiency, its efficacy in these 
conditions should also be tested. 
N-carbamoyl glutamate may also be useful 
for patients with propionic or 
methylmalonic acidaemias, for which 
decreased levels of N-acetylglutamate are 
postulated as a cause for the hyperam- 
monaemia associated with these 
syndromes. = 





1. Smith, L Nature, News and Views 291, 378 (1981). 

2. Grisolia, S. & Cohen, P.P. J. bial, Chem. 198, 
$61 (1952). 

3. Rubio, V. & Grisolia, S. Enzyme (in the press). 

4. Bachmann, C. et al New Engl. J. Med. 34, 543 
(1980), 
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100 years ago 
THE COMET OF 25 JUNE 


THE appearance of a large comet has afforded 
an opportunity of adding to our knowledge of 
these bodies by applying to it a new means of 
research. Owing to the recent progress in 
photography it was to be hoped that 
photographs of the comet and even of its 
spectrum might be obtained and peculiarities 
invisible to the eye detected. 

It was obvious that if the comet could be 
photographed by less than an hour’s exposure 
there would be a chance of obtaining a 
photograph of the spectrum of the coma, 
especially as it was probable that its ultra-violet 
region consisted of but few lines. In examining 
my photographs of the spectrum of the voltaic 
arc, a strong band or group of lines was found 
above H, and on the hypothesis that the 
incandescent vapour of a carbon compound 
exists in comets, this band might be 
photographed in their spectrum. 

Accordingly at the first attempt a 
photograph of the nucleus and part of the 
envelopes was obtained in seventeen minutes, 
on the night of June 24, through breaks in the 
clouds. On succeeding occasions, when an 
exposure of 162 minutes was given, the tail 
impressed itself to an extent of nearly ten 
degrees in length. 

I next tried by interposing a direct-vision 
prism between the sensitive plate and the 
object-glass to secure a photograph which 
would show the continuous spectrum of the 
nucleus and the banded spectrum of the coma. 
After an exposure of eighty-three minutes a 
strong picture of the spectrum of the nucleus, 
coma, and part of the tail was obtained, but 
the banded spectrum was overpowered by the 
continuous spectrum. 

I then applied the two-prism spectroscope 
used for stellar spectrum photography, 
anticipating that, although the diminution of 
light would be serious after passing through 
the slit, two prisms, and two object-glasses, 
yet the advantage of being able to have a 
juxtaposed comparison-spectrum would 
make the attempt desirable, and, moreover, 
the continuous spectrum being more 
weakened than the banded by the increased 
dispersion, the latter would become more 
distinct. Three photographs of the comet’s 
spectrum have been taken with this 
arrangement with exposures of 180 minutes, 
196 minutes, and 228 minutes, and with a 
comparison spectrum on each. The 
continuous spectrum of the nucleus was 
plainly seen while the photography was in 
progress. For the present it suffices to say that 
the most striking feature is a heavy band above 
H which is divisible into lines, and in addition 
two faint bands, one between G and +, and 
another between A and H. I was very carefulto 
stop the exposures before dawn, fearing that 
the spectrum of daylight might become 
superposed on the cometary spectrum. 

It would seem that these photographs 
strengthen the hypothesis of the presence of 
carbon in comets, but a series of comparisons 
will be necessary, and itis not improbable that 
a part of the spectrum may be due to other 

HENRY DRAPER 
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The discovery of T cells and their behaviour has forced a re-evaluation of the immunological 
relationship between self and not-self. T cells seem to respond against foreign antigens only when the 
latter are in some form of association with self molecules encoded by the major histocompatibility 


complex. This has raised the question of whether 


T-cell recognition may depend on two separate 


receptors. I present here the case for a model of T-cell behaviour based on a single receptor. 








“I shall always regard the differentiation between self and 
not-self as crucial to all immunological theory.”-——F. M. Burnet. 

Consider an immune response to a virus infection, B cells 
respond by producing antibodies which bind to virus particles 
and neutralize them. T cells, however, do not deal directly with 
the virus itself but instead interact with other cells, For example, 
T helper cells: collaborate with B cells in the production of 
antibody while T killer cells prevent viral replication by lysing 
virus-infected cells. 

These differences in T- and B-cell function necessitate 
different modes of antigen recognition. Whereas the receptors 
on B cells (antibodies) should be able to bind free virus particles, 
the receptors on T cells should not. A T cell which, like antibody, 
chases down the bloodstream after virus particles is redundant, 
and it is not surprising that T cells do not bind viruses or other 
antigens alone. Instead they recognize two entities: the foreign 
antigen in question (which makes them antigen specific) and a 
special cell-surface marker (which targets them onto cells). 

The cell-surface markers that serve as T-cell guidance 
molecules! constitute a set of highly polymorphic membrane 
glycoproteins encoded by the major histocompatibility complex 
(MHC). Some (K and D) are found on almost all cells of the body 
and are specifically recognized by T killer cells, while others (the 
I antigens) are found mainly on cells of the immune system and 
guide T helper cells. 

The recognition of MHC products by T cells is extremely 
precise. They distinguish between the products of self and 
foreign MHC alleles and their response to foreign molecules has 
long been the major barrier to successful tissue transplantation. 
They also recognize allelic differences when using their own 
MHC molecules as guidance proteins. For example, a virus- 
infected animal of MHC type ‘A’ contains activated T cells 
capable of recognizing and destroying only virus-infected cells 
which express the A allele. This is known as ‘MHC restriction’ of 
T-cell recognition. 

A key question raised by MHC restriction concerns the nature 
of the T-cell receptor. Do T cells bear two separate receptors 
each of which recognizes one of the two components (antigen 
and MHC) or do they bear one receptor which recognizes a 
complex of the two molecules? The two-receptor viewpoint, 
known as dual recognition, has the advantage of requiring no 
special assumptions about the two antigens. They can simply be 
molecules floating freely in cell membranes. However, it has the 
disadvantage of requiring many assumptions about the genetics, 
structure, development and affinity of T-cell receptors. Never- 
theless most models of T-cell behaviour have been constructed 
on the basis of dual recognition 7". 

It is time to reconsider the alternative known as the ‘altered 
self’ or ‘interaction antigen’ model''**, Based on a single T-cell 
receptor, it depends on one long-standing but difficult assump- 
tion about interactions between molecules in membranes. My 


argument here is that this assumption still serves surprisingly 
well to explain the most important aspects of T-cell behaviour. 


The assumptions 


The assumption underlying the interaction antigen model is that 
T cells recognize neither antigen nor MAC molecules alone but 
rather molecular complexes composed of the two. This idea can 
be divided into two parts: (1) molecules in membranes can form 
associations (some transient, some more stable) which exhibit 
new antigenic determinants absent from the uncomplexed 
molecules; and (2) T cells are triggered to mature or differentiate 
only when they bind to MHC molecules on the surface of a 
specialized antigen-presenting cell. 

Assumption (1) 

Assumptions may be justified either because they make sense a 
priori or because of their ability to explain new data. | accept the 
idea of an interaction antigen purely om the basis of economy 
and predictive ability, First proposed’® in 1974, it has continued 
to explain many aspects of T-cell behaviour. A possible view of 
how such molecular interactions might eccur was developed by 
Cohen and Eisen in 1977. They pointed out that, because cell 
membranes are essentially planar, the effective concentration of 
membrane molecules is exceedingly high. This high concen- 
tration generates a large number of molecular interactions, 
some of which will involve MHC molecules'*. 

A molecule floating freely in a membrane conforms to the 
ionic, hydrophobic and electrostatic environment. The same 
molecule, when complexed (however briefly) with another, will 
find itself in an altered environment and may thus take on a 
different conformation. In complexes of MHC and antigen, 
three kinds of new determinant may be formed: (1) changes-in 
the conformation of the antigen, (2) changes in the conformation 
of the MHC protein, and (3) new surfaces involving both antigen 
and MHC. 

If such complexes exist, why are they not often detected in 
co-capping studies? Most such complexes, based on high 
concentrations rather than innately high.affinity, will not be very 
stable and may be detectable only in certain conditions. 
Consider three interacting molecules: an MHC protein, an 
antigen and antibody directed against the antigen. Three equa- 
tions govern their interactions: 


MHC + antigen & MHC-antigen complex (1) 

Antigen + antibody = antigen-antibody complex (2) 

MHC~antigen complex + antibody = 
MHC-antigen-antibody complex (3) 


Depending on the antigenic determinart to which the antibody 
binds, the reaction depicted by equation (3) may predominate or 
not occur at all. The presence of an antibody directed against a 
determinant not available on the MHC~antigen complex will 
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reduce the amount of free antigen and drive all three equations 
to the left, diminishing the number of MHC-antigen complexes. 
An antibody with greater affinity for the complexed antigen than 
for the free form will stabilize the complex, driving equation (2) 
to the right and co-capping the MHC and the antigen'*’. These 
considerations should apply to T-cell receptors as well as to 
antibodies. In addition, the T-cell receptor, being membrane 
bound, may have a greater opportunity to achieve multipoint 
binding and thus further stabilize any molecular interaction to 
which it binds. 

In principle, any molecule in the cell membrane should be 
able to interact with any other, yet the evidence is that T cells 
recognize only complexes that contain MHC molecules. This 
brings us to assumption (2). 

Assumption (2) 

Because recognition of MHC molecules is so important to T 
cells, it has been tempting to speculate that such recognition is 
genetically predetermined, that the germ-line genes code for a 
set of T-cell receptors directed specifically against MHC mole- 
cules. However attractive this assumption may seem, it cannot 
stand alone, and those who use it must explain (1) how T cells see 
non-MHC antigens, (2) how the gene pool manages to contain 
receptors able to bind new mutants in MHC molecules, and (3) 
how T cells choose from the gene pool those receptors which 
recognize the particular MHC allele(s) expressed by the body in 
which they live? **?°, 

Because of these problems and, more importantly, because 
such a genetic bias is unnecessary, the interaction antigen model 
contains no such assumptions about the T-cell receptor gene 
pool and begins with a random repertoire (which may, in 
principle, contain receptors capable of binding any molecule 
alone or in combination with any other). How then are T cells 
restricted to recognition of antigen in the context of MHC 
molecules? 

An early interaction antigen model`’ introduced the antigen- 
presenting cell as the determining factor in MHC restriction, 
proposing that T cells are selectively activated only when they 
bind to MHC molecules on the antigen-presenting cell surface (a 
concept generally accepted by all models of T-cell behaviour). 

The general idea is that antigen-presenting cells participate 
actively in T-cell induction in two ways. First, they present 
antigens as well as MHC molecules to virgin T cells. Second, 
when a T cell binds to one of these MHC molecules, the 
antigen-presenting cell is induced to produce a differentiation 
signal. It is this differentiation signal which activates the T cell. 

T cells should be able to bind in several ways to MHC 
molecules on the surface of antigen-presenting cells. Some will 
bind specifically to the MHC itself while others will bind to 
interaction determinants found on molecular complexes 
containing MHC. Like the antibodies discussed earlier, these 
latter may stabilize the complex, and the T cell will thus be 
treated like one which has bound free MHC. In general, any T 
cell which binds strongly to an MHC complex, no matter which 
part of the complex it binds, will be signalled to differentiate. 
Any T cell which binds any other complex or free molecule, 
failing to bind MHC, will not trigger the presenting cell and will 
not be activated. Thus, beginning with a random repertoire, one 
finishes with a functional set of T cells that are MHC restricted. 


T-cell ontogeny and induction 


Although all interaction antigen models are based on the same 
two assumptions, they differ in their development of specific 
points’'“'*. In what follows I have tried to draw on those ideas 
which lead to the simplest overall view. 

No assumptions were made about the germ-line genes coding 
for T-cell receptors. A simple idea would be that B-cell variable- 
region genes also code for T-cell receptors, but we can as easily 
start with a T-cell precursor population carrying any random set 
of specificities. 

This repertoire of specificities must be modulated early in 
development to remove or inactivate T cells directed against 
self ™™, Self tolerance is learned anew within each individual 


and must involve at least two types of T cell: those specific for the 
self-MHC molecules alone and those specific for associations of 
other self molecules with self-MHC. It is unclear whether cells 
specific for isolated non-MHC molecules must be tolerized. 
Every potentially inducible cell must be tolerizable™, but, as T 
cells specific for isolated non-MHC molecules fail to bind MHC, 
they are not inducible and should never be activated in the 
normal animal. However, were they to be activated by a cross- 
reactive complex of foreign antigen plus MHC, they could 
become autoreactive. One reason for supposing that such cells 
may not be tolerized is that it would require tolerance to have a 
different specificity from induction. Perhaps they form the basis 
of autoimmune disease. If so, one could predict that the 
destructive phase of some autoimmune diseases might not be 
MHC restricted. 

Whether tolerance induction occurs in the thymus or in the 
periphery”’, and whether it occurs by mutation”, deletion?" or 
suppression”*, parsimony suggests that the self antigens are 
presented by the same sort of antigen-presenting cell as those 
which present foreign antigens. The supposition then is that 
T-cell precursors are made tolerant when they bind to self-MHC 
molecules (or any complex containing self- MHC) on the surface 
of an antigen-presenting cell. This has the added attraction of 
allowing tolerance to occur to tissue antigens not normally 
intrinsic to cells of the immune system itself. Perhaps, as with B 
cells’’*, an antigen recognition event may lead to tolerance in a 
young T-cell precursor and activation in a mature T cell. 

Given a random repertoire depleted by self tolerance, several 
sorts of T cell will be available to bind to a foreign antigen X. 
Some will bind to X alone on the surface of the antigen- 
presenting cell but, failing to bind to MHC molecules, will not be 
activated. Others will bind in one of several ways to MHC-X 
complexes and will be activated. These T cells will retain their 
specificity and exercise their functions only when they encounter 
X in the same form as that with which they were activated, 
namely on the surface of a cell carrying the same MHC alleles. 


MHC restriction 


When Zinkernagel and Doherty first proposed ‘altered self’ 
recognition, the one thing known about MHC restriction was 
that T cells interacted only with syngeneic cells. The rules of 
T-cell behaviour are now better defined. How has the inter- 
action antigen model held up? 

Their original finding was that a mouse of MHC type A, 
immunized against an antigen X, contains activated T cells 
specific for targets carrying X+A and not targets carrying 
X+B'°?*, This simply reflects conservation of specificity— 
activated T cells respond best to the antigenic complexes with 
which they were primed. Because there are similarities between 
different MHC alleles as well as differences, X + A should have 
some determinants in common with X +B and a certain level of 
cross-reaction should exist. When T-cell responses are titrated 
far enough, such cross-reactions are usually seen*°??, 

It has since been shown that MHC-restricted T cells do not 
bind free MHC or free antigen. Competition experiments show 
that neither free MHC nor free antigen will block T-cell 
activity, Furthermore, to be bound by T cells, MHC and 
antigen must not only be cell bound, they must be together in the 
same cell membrane’?****, This is, of course, predicted if T cells 
recognize only interaction antigens, whereas dual recognition 
models must explain it a posteriori. 

A further problem for at least some dual recognition models is 
posed by T-cell reactions against cells bearing foreign MHC. 
These models explain MHC restriction by supposing that T cells 
cannot function unless both of their receptors are engaged, one 
receptor being specific for antigen and the other for self MHC. 
However if a target carries only foreign MHC alleles, the 
anti-self receptor should be useless and the T cell helpless. To 


` deal with this, some dual recognition models suggest that 


alloaggression is a ‘special’ case in which T cells need bind only 
one of their receptors, In contrast, the interaction model does 
not invoke such ‘special cases’—T cells need only one receptor 
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whether recognizing a foreign-MHC antigen or some 
modification of a self-MHC product. 

For similar reasons, it is easier to accommodate ‘aberrant 
recognition’ in terms of the interaction antigen model. Since 
the original experiments on MHC restriction, it has become 
clear that T cells can recognize antigens presented with MHC 
molecules not found on their own tissues*”*’. These experi- 
ments are of course complicated by responses against the foreign 
MHC itself: an individual of MHC type A, immunized with 
antigen-presenting cells carrying MHC B and antigen X, makes 
such a strong response against B that it is virtually impossible to 
determine whether a response against antigen X also occurs. 
This complication can, however, be overcome by the removal of 
T cells reactive against B. In many experiments (but not all®?"*4), 
removal of such T cells reactive to B has revealed a population 
which can recognize X + B. In short, an animal that is itself MHC 
type A carries T cells capable of recognizing X+B. 

This is predicted by the interaction antigen models. Because 
the specificity of the functional T-cell population is selected only 
at the time of antigen encounter, there is nothing to exclude the 
recognition of X+B. An antigen-presenting cell carrying B can 
activate T cells as efficiently as a presenting cell carrying A. 
Some dual recognition models can also incorporate this 
finding”, but most ignore it. 

It is not surprising that the interaction antigen idea deals well 
with MHC restriction as it was originally created for precisely 
that purpose. How does it fare with other aspects of T-cell 
behaviour? 


Immune response genes 


Immune response (Ir) genes code for MHC proteins and 
determine whether an animal can respond to a particular foreign 
antigen. For example, a mouse of MHC type A may respond toa 
particular antigen X, whereas a mouse of MHC type B does 
not®***, The two assumptions underlying the interaction 
antigen view of MHC restriction allow at least three ways of 
explaining the Ir phenomena. (1) Some MHC alleles are able to 
form complexes with X while others, because of their structure, 
may create inappropriate environments for complexes to form. 
If no complex forms, no T cell can be activated (reviewed in ref. 
59). (2) For any complex of X with MHC, there may be some 
determinants for which there is no T-cell receptor gene’*"*””. 
(3) The induction of self tolerance creates gaps in the functional 
T-cell repertoire. The adult animal, having lost the ability to 
respond against its own tissues, cannot respond against antigens 
which cross-react with those tissues'*"*. 

The first two explanations are straightforward. The third, 
while more complicated, can explain both MHC-linked and 
some non-MHC-linked immune response genes. It rests on the 
idea that a mouse of MHC type A is tolerant of many self 
components complexed with A. If an antigen X mimics self + A, 
the A-type mouse would be unable to respond to it. This does 
not mean that X itself must be identical to a ‘self’ component: it 
is the complex of X+A that is relevant. If X+A mimics any 
self+A complex, then an A mouse will not respond to X. 
However, an MHC B-type mouse may respond to X, implying 
that X +B carries some determinants not found on self + B. 

How do these ideas stand up to our current understanding of 
Ir genes? An early model attributing nonresponsiveness to self 
tolerance predicted that responsiveness would be recessive 
and was invalidated when responsiveness proved to be 
dominant. However, the discovery of MHC restriction allows a 
re-examination of this idea. If strain A is a nonresponder to X 
and strain B a responder, then explanation (3) above states that 
X+ A mimics self + A while X + B carries determinants which do 
not cross-react with self + B. The F, progeny of an A x B mating 
will be tolerant of both self+A and self+B and will be 
unresponsive to X +A, but they will see the non-cross-reactive 
determinants on X+B and thus responsiveness will be 
dominant. 

The crucial point is that, to T cells, X+A and X+B are 
entirely different antigens. Tolerance to one has no implications 


for tolerance to the other and thus T cells of both responder and 
nonresponder genotypes should'?“*? and do**'“* respond to 
X if it is presented with a responder-type MHC allele. 

Some immune responses are governed by two MHC genes (a 
and 8) which exhibit a peculiar complementation pattern in that 
some alleles complement while others do not®**’. (For example, 
if A, B and C are nonresponders, the (AX BF, may respond 
while the (A x C) and (B x C) do not.) If a and Ø code for the two 
chains of the Ia guidance molecules””', then the simplest 
explanation is that a particular pair of a and 8 chains forms an la 
molecule which can associate in a recognizable way with X, 
while another pair cannot. The (A x B)F, between two nonres- 
ponder strains will express the ineffective pair of lamolecules of 
its parents (a°* and a”ß”) and also two new types” (a*B” and 
a?ß*). It is unpredictable whether a particular combination of « 
and § chains will form appropriate la molecules. However, 
some of the recombinant molecules may carry determinants 
which allow a response to X. 

For some time all known MHC-linked Ir genes were located 
in the I region, provoking speculation that this might be the 
location of the T-cell receptor. However, Cunningham and 
Lafferty reasoned from the interaction antigen viewpoint that 
the known Ir genes mapped to the J region because the respon- 
ses analysed had always been those of T helper cells, which use 
the I-region molecules as guidance molecules. They predicted 
that Ir genes for T killer responses would map to the K and D 
regions''—a finding”® now accepted as a matter of course. 

Some T-cell responses are controlled by enes outside the 
MHC as well as by MHC-linked Ir genes’*”’*. Whereas most 
models ignore these non-MHC immune response genes, the 
tolerance model is predicated on their existence and predicts 
their genetic behaviour. If a mouse of MHC type A is unrespon- 
sive to X because X + A cross-reacts with self + A, then the lack 
of response is controlled by two genes: one coding for MHC'‘A’, 
the other for the ‘self’ cell-surface molecule. Why then do most 
Ir genes map only to the MHC? I presume that this is due to the 
lack of polymorphism in the genes coding for other cell 
components. If the non-MHC surface molecule (such as a 
hormone receptor) has no alleles, then every strain carrying 
MHC ‘A’ will be tolerant of the same self+A complex and 
response to X will seem to be exclusively controlled by the MHC 
genes. However, if alleles of the self molecule do exist, then 
some strains may be tolerant of an allelic form of self + A which 
does not mimic X+A. In this way two mice may differ in their 
responses to X even if both carry the same MHC product. The 
critical prediction from the tolerance medel is that, unlike the 
MHC-linked Ir genes, the non-MHC immune response genes 
should lead to dominant unresponsiveness, The progeny of a 
nonresponder (self? +A) by responder (self? +A) mating will 
express and be tolerant of both self ‘and self? along with A. They 
should therefore be unresponsive to X. 

Ir gene-controlled suppression: some mice appear to be 
unresponsive to an antigen because of suppression rather than 
deletion’! and it has been suggested that this is inconsistent 
with cross-reactive self tolerance'*. However, I disagree. As self 
tolerance may be mediated or at least maintained by suppres- 
sion??? it is but a short step to suggest that nonresponsiveness 
due to cross-reactive self tolerance may also involve suppres- 
sion, 


Alloaggression 


MHC molecules are themselves uniquely strong antigens 
Two decades ago it was suggested that this strength reflected a 
high frequency of reactive lymphoctyes™ and it is now known 
that as many as 10% of T cells can be specific for any foreign 
MHC molecule®’***?, Why is there a such high frequency of T 
cells specific for molecules which the individual meets only in 
artificial circumstances? 

Although many explanations have been pro- 
posed?©*!!20.94-99 the interaction antigen model offers a new 
one!’ which follows directly from the assumptions created for 
MHC restriction without any additions or special cases. The 
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argument is that if T cells from an MHC type-A mouse confront 
B-type antigen-presenting cells, they will recognize not only B 
but also all the complexes that B makes with the other molecules 
in the membrane. Thus the T cells are not responding only 
against the B antigens but against a very large number of 
antigenic complexes, and the frequency of reactive cells will be 
correspondingly high. 

To analyse why this should occur let us return to self 
tolerance. A mouse is tolerant of its own MHC alleles and of all 
complexes they form with other self cell-surface molecules. It 
has no need and no opportunity to become tolerant of MHC 
type B either alone or complexed with other molecules. So, 
although mouse A is tolerant of its own components as seen with 
A, it will respond to these same components (as well as any new 
ones) associated with B, The result of immunizing with cells 
carrying foreign MHC molecules should thus be the massive and 
highly heterogeneous” response that is seen. 

Does this interpretation account for other features of 
alloreactive responses? A single mutation at the MHC can elicit 
strong immune responses—this requires an explanation. It is 
known that in responses against conventional antigens, a single 
mutation at the MHC can profoundly change the T-cell response 
to the antigen associated with it’®’. For example, T cells directed 
against X+A may not recognize X+A™ (the mutant). By 
analogy, T cells tolerant of self +A may not be tolerant of 
self+A™. The mutant MHC will interact with normal surface 
molecules to generate a set of interaction antigens different from 
those formed by the parental MHC type. The mutant cells will 
thus present a large number of antigenic determinants to be 
recognized by parental lymphocytes. 

If the majority of alloreactive T cells do not recognize MHC 
products except as interaction antigens with other cell-surface 
molecules, one would expect that purified MHC molecules 
would not interfere with alloreactions at any concentration. 
Although a few alloreactive cells should be directed against the 
foreign MHC molecules themselves, the effect of blocking them 
would be too small to be detected reliably. It has, indeed, been 
shown that purified MHC molecules do not block alloreac- 
tions*!*?, 


Muddying the waters 


So far I have shown how two assumptions deal with the principal 
features of T-cell behaviour. There is, however, one set of 
experimental results which has been used as evidence against the 
interaction antigen viewpoint. These are the experiments show- 
ing thymic ‘bending’. 

Homozygous MHC type-A mice which are irradiated and 
then reconstituted with (A*B)F, bone marrow contain a 
peripheral set of F, T cells and also F, antigen-presenting cells 
that can present antigens in association with both A and BMHC 
molecules. The result of immunizing such a chimaera against 
antigen X should be the activation of two sets of T cells, one 
specific for X+A and the other for X+B. However, the 
experiments show that (A x B) T cells which have matured in an 
A animal respond preferentially to antigens associated with A, 
whereas maturation in a B animal confers a bias towards X + 
p662-102-105 Further testing showed that the organ responsible 
for this bias was the thymus'°*'*. One interpretation has been 
that T-cell precursors are positively selected in the thymus*”°. 
In an A thymus, T-cell precursors which bind to A would 
differentiate into functional T cells whereas those specific for B 
would not mature appropriately. Thus, even if X were later 
presented with both A and B, the response would be directed 
only against X+A. 

Naturally such an interpretation is difficult for an interaction 
antigen model. There is no obvious way to select T cells for 
A+XorB+X in the absence of X. However, I disagree with the 
positive selection interpretation on two grounds. First, it 
depends on a special set of assumptions which are not required 
to explain other aspects of T-cell behaviour. Second, the ‘aber- 
rant recognition’ experiments (see above) show that normal T 





cells can recognize antigens presented with non-self MHC 
alleles. In fact, in one comparative study, T cells from (A x B)> 
A chimaeras did not respond against virus+B, while normal 
A-type T cells, from which cells reactive to B had been removed, 
made good responses to virus+B*’. Both sets of T cells had 
matured in an A thymus, yet one was able to recognize X+B 
whereas the other was not. 

So what is going on in the chimaeras? Obviously the thymus is 
having some effect on the T-cell repertoire long before encoun- 
ter with antigen, but need it be a positive selection? Could it be 
the reverse? 

Unlike the normal A mouse, an (A x B) > A chimaera must be 
tolerant of B, yet, early on, its thymus contains only A-type 
antigen-presenting cells’. How then does tolerance to B 
occur? There are broadly two ways in which tolerance may be 
induced. Natural self tolerance may occur either by deletion of 
self-reactive cells and/or by the induction of suppressor cells 
that function to suppress anti-self responses. A possible clue to 
the mechanism of tolerance in the radiation chimaeras comes 
from another type of (A x B)> A chimaera: the classic neona- 
tally tolerant mouse. Strain A mice which have been injected at 
birth with (A x B) cells are chimaeras''*""' tolerant of B''? and 
often exhibit immune responses ‘bent’ towards A‘? ?', 
Tolerance to B in these chimaeras can involve suppressor 
cells''®"'*, Are the radiation chimaeras similarly suppressed'*”? 
If this is the case, the suppression may extend to B +X (see refs 
121, 122) while tolerance to A, occurring by the normal thymic 
route, allows a response to A +X, 

Until these issues are resolved it does not seem appropriate to 
encumber the interaction antigen model with a new set of 
assumptions merely to explain a thymic positive selection which 
may not exist. The model predicts that the functional T-cell 
repertoire is the result of selection at the time of antigen 
encounter and I leave it at that. 

Antigen encounters can be separated roughly into two sets: 
encounter with self antigens, which affects the repertoire by 
removing those specificities directed against self, and encounter 
with foreign antigen which increases the proportional represen- 
tation of T cells reactive to the complex of that foreign antigen 
with MHC. If, unexpectedly, the thymic bias does turn out to 
reflect a positive selection for self MHC, then it will be time to 
act in accordance with current immunological practice—to add 
another assumption. 


Recapitulation 


The two basic assumptions are: (1) molecules in membranes 
interact to form new antigenic determinants, and (2) T cells are 
triggered when they bind to MHC molecules on an antigen- 
presenting cell (either for tolerance or reactivity). 

T-cell development: (1) Pre-T cells enter the thymus and 
express receptors from a pool which may be as random as that of 
B cells (perhaps the same pool). (2) T cells capable of binding to 
MHC molecules on antigen-presenting cells in the thymus are 
inactivated, including T cells which recognize self non-MHC 
molecules in association with self MHC. All other T cells mature 
and peripheralize. (3) At the time of antigen encounter, T cells 
which bind to antigen in association with MHC molecules on the 
presenting cell are activated. 

Ir genes: Three types of defect control immune responses: (1) 
the antigen cannot associate with the MHC molecule, (2) the 
T-cell receptor gene pool lacks a receptor for a particular 
interaction determinant; and (3) the complex of antigen + MHC 
mimics self. 

Alloaggression: The high frequency of alloreactive cells exists 
because normal non-MHC membrane molecules associate with 
the MHC on foreign antigen-presenting cells to create a very 
large and heterogeneous set of antigens that in turn is recognized 
by a large and heterogeneous set of T cells. 


Conjectures 
A model is only as good as its predictions. The following 
predictions are not made by dual recognition models and are 
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therefore distinguishing characteristics of the single recep- 
tor/interaction antigen viewpoint. 

First, it follows from assumption (1) that MHC-restricted 
antibodies should exist. If interaction antigens exist and can be 
recognized by T cells, they should be seen by B-cell receptors as 
well. MHC-restricted antibodies should be a small fraction of 
the total antibody made against any antigen and will often be 
missed; however, possible candidates do exist'?*’”*, It is the 
dual specificity of T cells which led to the suggestion that they 
express two receptors. If single antibodies can be MHC restric- 
ted, there should be no need to postulate two receptors for T 
cells. 

Second, some T cells specific for MHC A associated with X 
should bind B + Y or even Y alone. There is no reason to expect 
that a new antigenic determinant will be unique to one particular 
complex. It has already been shown that some T cells specific for 
self MHC +X cross-react on allogeneic MHC, that is, A+ X= 
B'25-128, A type of cross-reaction which would not be predicted 
by dual recognition models is A+ X = B+ Y (or A+ X= Y). 

Third, some non-MHC-linked Ir genes’*”* should show 
dominant unresponsiveness (see the explanation of tolerance). 
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Fourth, a mouse of MHC type A should be able to respond to 
both self and non-self antigens complexed with MHC type B 
(this follows from the explanation for alloaggression). 


Refutations 
If any of the following are true, then the model presented here is 
wrong and cannot be saved with additional assumptions or any 
special pleading. (1) If T cells which are MHC restricted at one 
stage (such as effector function) are found to be unrestricted at 
an earlier stage (such as activation or tolerance), (2} H a somatic 
cell hybrid of two T cells of different restriction specificities has 
the mixed specificity, that is, if one parent sees X+ A and the 
other sees Y + B and the hybrid sees in addition X+ Band Y +A. 
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Note added in proof: Very recently refutation (2) was tested”. 
Not a single clone was found that had mixed specificity. 
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The effect of ions on the light-sensitive current of retinal rods was studied by sucking the inner segment into a tightly fitting 
capillary with the outer segment projecting into a flowing solution. This new method showed that the light-sensitive pathway, 
in which Na* is the normal carrier of current, has an ionic selectivity different from that of other known sodium channels. 
External calcium has a striking effect on the current, which increased about 20-fold when all calcium was removed. 
Reducing the sodium concentration gradient greatly prolonged the response to a flash of light, as would be expected if 
internal calcium blocks sodium channels and if light releases calcium which is subsequently extruded by a sodium-calcium 


exchange mechanism. 





THE experiments described here were carried out with a new 
method which gives quantitative information about the effects of 
ions on the current generated by an isolated photoreceptor. The 
method is an extension of that developed by Baylor, Lamb and 
Yau’? and in its usual form depends on sucking the inner 
segment of an isolated rod into a recording capillary while 
leaving the outer segment projecting into a flowing solution 
whose composition can be changed rapidly. This arrangement 
(Fig. 1a) allows one to examine the effects of substances on the 
light-sensitive pathways in the outer segment; similar experi- 
ments on the inner segment may be carried out by inverting the 
cell as in Fig. 15. Light responses obtained with the two 
arrangements were of similar shape and size and of the same 
polarity with respect to the rod. 

A piece of retina from a dark-adapted toad (Bufo marinus) 
was chopped into small pieces in Ringer’s solution under IR 
light, yielding a preparation that consists of many detached 
outer segments, which did not give light responses, and a few 
fairly complete cells, that is, outer segments still attached to 
inner segments containing a nucleus but without synaptic end- 
ings. When the inner segment of such a cell is sucked into a 
closely fitting pipette containing Ringer’s solution it gives cur- 
rents of the usual form and magnitude for several hours. 

In addition to changing the light-sensitive current, test solu- 
tions may set up a junctional current that arises from the small 
difference between the junctional potentials at the two boun- 
daries of the test solution. Unlike the light-sensitive current, the 
junctional current did not change sign when the rod was 
inverted, nor was it much altered by replacing a complete rod by 
an inert outer segment. When the results were corrected for this 
junctional current, it was found that changing external ions 
altered the dark current but usually had little effect on the 
current in the presence of a bright light, which remained close to 
zero. 

The records in Fig. 1 show that halving the sodium concen- 
tration round the outer segment reduced the light response to 
one-third but had no effect on the response when applied to the 
inner segment. This illustrates the difference between the two 
parts of the cell and shows that there was no appreciable leakage 
of ions through the tight seal at the mouth of the capillary. 


Ionic selectivity of the light-sensitive channel 


As expected from previous work*”’, replacement of sodium by 
choline in the solution bathing the outer segment abolished the 
light response in a rapid and reversible manner. Figure 2 shows 
the relationship between the maximum response and external 
sodium concentration with 1 mM Ca in the external solution. A 
similar curve is obtained with 0.1 mM Ca in the external solu- 


tion, except that the currents are scaled up by a factor of 3—5 (see 
below). 

We looked for an inverted response in the complete absence 
of external sodium but could detect no response of either 
polarity in sodium-free choline solutions containing the normal 
amount of external calcium (1 mM). This failure to see an 
inverted response may be due to (1) the recording limit of 
~(.1 pA, (2) the probable hyperpolarization when the dark 
current is cut off in low external sodium, (3) the possible closure 
of sodium channels resulting from the rise in internal calcium 
which might follow removal of external sodium”. The responses 
seen in sodium-free solutions containing 0 Ca~EGTA are dis- 
cussed below, 
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Fig.1 a, Above, recording arrangement with the rod inner segment drawn 
into the Ringer-filled pipette and the outer segment exposed to test solu- 
tions. Membrane current was recorded with a current-to-voltage transducer 
connected to the pipette. Below, averaged responses to identical bright 
flashes in the presence of either 110 mM Na or 55 mM Na+ 55 mM choline. 
In plotting the traces the baseline has been shifted so that the dark levels 
superimpose. b, Experimental conditions similar to a, except that the rod 
outer segment was inside the pipette and the inner segment exposed to test 
solutions, Outward membrane current across the outer segment is taken as 
positive (upwards) in both cases; responses are low-pass filtered at 30 Hz 
(6-pole); temperature 19 °C. Time separation between recordings in a and b 
(which were obtained on the same rod) was ~2 h, during which the maximum 
response of the cell had declined somewhat. Light monitor trace below the 
responses indicated timing of 20-ms flash (A =500 nm). The flashes 
delivered 37 photons m7? (unpolarized), corresponding to 740 photo- 
isomerizations (Rh*) per flash for an outer segment with an effective 
collecting area of about 20 pm”. The Ringer's solution in all experiments 
contained (mM): NaCl, 110; KCI, 2.5; MgCl, 1.6; CaCl, 1.0; HEPES 
(neutralized with tetramethylammonium hydroxide to pH 7.6), 10; glucose, 
3. Test solutions were similar except for the specific substitutions stated. 
Calcium buffers were made with EGTA, HEDTA and Mg-EDTA to cover a 
range of 1075-107? M Ca?* using the stability constants in ref. 29. The seal 
resistance with the rod in position was 12 MQ in a and 8 MQ in b. In other 
experiments seal resistances varied between 5 and 15 MQ. 
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Fig. 2 Dependence of light-sensitive current on external sodium. a, 
Responses of an isolated rod to bright flashes (delivering 1,534 Rh* per 
fiash) with different sodium concentrations bathing the outer segment. 
Temperature 19°C. Choline was used as substitute in the low-sodium 
solutions. The 110 mM Na solution (Ringer) was applied between different 
low-sodium solutions and the response in a represents the grand average of 
34 responses all within the range 14-16 pA. The other responses are 
averages over 3—10 flash trials. Note the prolongation of the plateau at 
external sodium concentrations <55 mM. b, Plot of the response peaks in a 
versus external sodium concentration. 1 mM Ca?* present throughout. 


Lithium was able to substitute for sodium in carrying the 
inward dark current, but was less effective. Complete replace- 
ment of sodium with lithium reduced the current from 15.4 to 
0.6 pA ina representative experiment. With a solution in which 
all but 20 mM of sodium had been replaced by choline the 
current was 0.56 pA. As 20 mM Na is almost as effective as 
110 mM Li we conclude that the permeability ratio P,;/Pya is 
about 1:5 in these conditions. A similar ratio was also obtained 
with sodium present throughout. In the presence of 55 mM Na, 
replacing 55 mM choline with lithium caused an increase in 
current from 4.0 to 6.3 pA. Earlier in the same experiment an 
increment in sodium concentration from 55 to 80 mM caused an 
increase in current from 4.2 to 9.0pA. Assuming that the 
current increase was proportional to the sodium increment in 
this concentration range (see Fig. 2), we calculate that 13 mM 
Na is equivalent to 55 mM Li, and therefore that the permeabil- 
ity ratio is 1:4.2. The permeability ratio was also not 
significantly affected by reducing the external calcium to as low 
as 1 pM even though in low calcium the dark current is greatly 
increased. 

The other alkali cations behaved quite differently. With zero 
external sodium, application of 110 mM potassium, rubidium or 
caesium produced no detectable current in the presence of 
1mM Ca, but at lower concentrations small currents were 
observed. In 100 pM Ca, tentative values of the permeability 
ratios were Pk/Pre/Pcs/Pna = 0.02:0.015:0.01:1.0. In the 
presence of external sodium, however, potassium and to a lesser 
extent rubidium, but not caesium, actually reduced the existing 
dark current. In one experiment, increasing potassium from 2.5 
to 20 mM, with sodium present as the main cation in both cases, 


I mM Ca 


Fig. 3 Low-gain record showing the 
effect of removing external calcium on 
the photocurrent in a toad rod. Inward 
current is shown downwards from the 
level in bright flashes. Flashes each giv- 
ing 5.2x10*Rh* were delivered at 
times indicated by arrows. Mg was 


0 gt 
present throughout at 1.6 mM, K at \ | | 
2.5 mM and Na at 110 mM. Inset, de- -100 

tails of the same experiment showing Membrane 

recovery of dark current and light t 
response (unaveraged) in Ringer's fluid. curren! - 200 
Numbers give the time after restoring (pA) 


Ringer; open circles show the response ~300 
before applying 0 Ca. Inward current 
shown downward from the level after 
bright flash, which remained constant ~400 


during the recovery period. 





reduced the dark current to 36%. This effect cannot be attri- 
buted to potassium leaking into the pipette and depolarizing the 
inner segment because when the rod was inverted in the pipette 
and the same solutions applied to the inner segment, the current 
was reduced only to 75%. It therefore seems that external 
potassium and rubidium ions have some kind of blocking action 
on the inward sodium currents in the rod outer segment. 

These results show that the sodium conductance in rods 
differs in its ionic selectivity from other known sodium con- 
ductances. In nerve, for example, lithium substitutes equally 
for sodium! and external potassium has no direct blocking 
effect’. It remains for future work to show whether the light- 
sensitive conductance is a pore of a cartier system. 


Effects of external calcium on dark current 


In agreement with Yoshikami and Hagins’*, altering the exter- 
nal calcium concentration caused large changes in dark. current 
and light response. In Fig. 3, 0 Ca plus 2 mM Et inc 
the dark current and light response frem 15 to 340 pA. This 
large dark current, which depended on external sodium, was not 
maintained probably because the cell gained sodium and lost 
potassium. On restoring Ringer’s solution, the light response 
often disappeared completely for a few minutes. and when it 
returned it was smaller and much longer than normal. However, 
a full sized response was usually restored within 10-20 min or 
sooner if the exposure to 0 Ca was shorter. Details of the 
changes in response during recovery are-given in the inset of Fig. 
3. Evidence that the lengthening of response and reduction in 
photocurrent after a period in low calcium were caused by entry 
of sodium is provided by the facts that they occurred only if 
sodium was present during the period in low calcium, and they 
disappeared if the rise in dark current was prevented by 
exposure to a bright light during the application of 0 Ca. 

Raising external calcium from 1 te 5mM decreased the 
light-sensitive current to about one-quarter and lowering it from 
1 to 0.1 mM increased the current by a factor of 3-6. In one 
rather complete experiment, replacing 1 mM Ca with 10 yM Ca 
increased the current from 20 to 170 pA whereas 0 Ca-EGTA 
gave 320 pA, both measurements being repeated twice. The 
initial effect of altering calcium concentration was to scale the 
quantal response in proportion to the dark current. In the above 
experiment, tests with weak flashes showed that the peak cur- 
rent produced by absorption of a single quantum was 0.1 pA in 
5 mM, 0.35 pA in 1 mM and 2.5 pA in 10 uM Ca. The approx- 
imate proportionality between the quantal response and dark 
current indicates that the fraction of channels blocked by asingle 
photon remains roughly constant in spite of the large increase 
which calcium reduction must produce either in the total 
number of sodium channels open in the dark or in the conduc- 
tance of individual channels. 
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Fig.4 Inversion of rod light response in 0 Mg and 0 Ca solution. Outward 
membrane current across the outer segment is upward. Solutions contained 
110 mM choline chloride, 2.5 mM KCI, 0 Ca, 2mM EGTA and 1.6 mM 
MgCl, or 0 Mg with 2mM EDTA. The bright flashes, which elicited 
saturating responses, were estimated to give 6,500 Rh* in the outer segment. 
The solution change in this experiment was slower than in other experi- 
ments, with a time lag between change in tap position and solution change 
around the outer segment of about 0.5 min. 


Experiments with a rapid flow system in which external 


calcium was changed from 1 te 5 mM and back showed that the 
restoration of dark current lagged behind the solution change at 
the pipette by ~ 1s and that the restoration of dark current after 
reducing calcium occurred much faster than the return of cur- 


rent after a bright flash. The following values were obtained in 
two experiments with a particularly fast flow: time of solution 


change measured between 10 and 90% limits =0.6 s; time for 
dark current to increase between the same limits after lowering 


[Ca] from 5 to 1 mM = 1.6 s; time for dark current to increase 


between same limits after bright flash =10s. Another relevant 


comparison is that the maximum rate of increase of current on 
reducing calcium from 5 to 1mM was 9 pA s™', whereas the 
corresponding value after a bright flash was 1.6 pA s~". In these 
experiments the speed of the solution change was obtained from 
the change in junctional current measured in the presence of a 
bright light. 

The speed with which external calcium ions affect the sodium 
conductance is explained simply if they act directly on the 
outside of the membrane, but an internal action cannot be ruled 
out. If calcium ions act internally, as has sometimes been 
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proposed’*, one must elaborate the calcium transmitter hypo- 
thesis to accommodate the observation that the recovery of dark 
current after a bright flash is so much slower than the recovery 
when external calcium ions are reduced. One modification is to 
assume that calcium release continues after the light flash is 
over. Another is to suppose that calcium shuts channels, but that 
a more complicated process is involved in opening them again. 


Light responses in the absence of 
external sodium 


Using voltage recording, E. R. Griff, L. H. Pinto, B. L. Bastian 
and G. L. Fain (personal communication) showed that in solu- 
tions containing calcium buffered to 10°°M with EGTA, 
replacement of sodium by choline did not abolish the response 
but gave a residual response of normal polarity. We have 
observed the same phenomenon when recording current but 
only if the choline-EGTA solution contained magnesium. With 
no magnesium we obtained an inverted response, that is, an 
outward dark current that was suppressed by light (Fig. 4). These 
magnesium-sensitive currents appeared only if the calcium 
concentration was less than ~1 uM. Their appearance might be 
explained if the effects of calcium removal on cation conduc- 
tance are brought about by unmasking negatively charged sites 
which attract sodium and magnesium ions into or near the 
light-sensitive channel. Thus, if calcium removal created a 
negative potential well large enough to increase sodium 
permeability by 20, it should on a simple basis increase 
magnesium permeability by 400. The effect of magnesium 
removal in inverting the EGTA response has recently been 
confirmed in similar conditions with intracellular voltage 
recording (V. Torre, E. Pasino, M. Capovilla and L. Cervetto, 
personal communication). 


Effects of alterations of external and 
internal sodium 


Alterations in external sodium have a striking effect on the time 
course of the light response. Reducing the sodium concentration 
from 110 to 20 mM prolonged the response to strong and weak 
flashes (Fig. 5). It also made the cell more sensitive in the sense 
that low sodium increased the fraction of the maximum current 
suppressed by each absorbed photon. The correlation between 
time to peak and amplitude illustrated by the scaled responses in 
Fig. 5c is reminiscent of the desensitizing effects of background 


Fig. 5 Change in sensitivity and 
response time course in the presence of 
low external sodium. a, Averaged 
responses to bright and dim flashes in 
Ringer's solution (110 mM Na) before 
and after applying low sodium. Bright 
flash gave 1,660 Rh* and dim flash 
8.1 Rh*. b, Averaged responses to 
bright and dim flashes in 20mM Na. 
Bright flash gave 1,660 Rh* and dim 
flash 4.14 Rh*. Note the substantial 
prolongation of the responses. 1 mM Ca 
present throughout. c, Comparison of 
dim flash responses in 110mM and 
20mM [Na]. Responses have been 
scaled to show the fraction of dark cur- 


ete rent blocked by one photoisomerization 


(Rh*). Response in low [Na], (dotted 
curve) smoothed by eye. 
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Fig. 6 Time course of change in response amplitude to bright flashes 
(1,660 Rh* per flash) with partial or complete replacement of external 
sodium by choline. 1 mM Ca present throughout. Note overshoot when 
sodium is increased and undershoot when it is decreased. Curve 1 (2): [Na], 
was'110 mM up to time 0, then 55 mM for 480 s and finally 110 mM again. 
Curve 2 (@):; [Na], was 0 from —480 s to time 0 and then 55 mM for 480s. 
Curve 3 (@): [Na], was 0 from time 0 to 480 s and then 110 mM. The three 
curves were obtained consecutively on the same rod. 


lights'’, with an increase in sodium gradient being roughly 
equivalent to a rise in background light intensity. 

The effects of external sodium on response duration can be 
explained if a flash of light releases calcium ions which are then 
extruded to the external solution by sodium-calcium 
exchange'*?*. A similar argument can account for the greatly 
prolonged responses seen in solutions in which external sodium 
is replaced by lithium. 

Conditions which should increase internal sodium concen- 
tration, such as treatment with strophanthidin or previous 
exposure to low calcium (Fig. 3), also slowed the response to 
light flashes. This might be explained if internal sodium inhibited 
calcium transport across either disk or surface membrane. 


The transient component in the response to 
changes in external sodium and calcium 


A striking feature of the light-sensitive current is that after a 
change in external sodium or calcium the current does not 
approach its steady value monotonically but with an overshoot 
or undershoot of the kind shown in Fig. 6. An overshoot is seen 
when the dark current is raised by increasing external sodium or 
reducing external calcium and an undershoot when the dark 
current is decreased by ionic changes of the opposite kind. 
Figure 6 illustrates the effect of changing [Na], at 1 mM Ca. The 
phenomenon is suggestive of a regulatory system in which 
sodium conductance varies inversely with internal sodium 
concentration. Such an effect might depend either on a direct 
inhibitory action of internal sodium or an indirect one, possibly 
mediated by the changes in internal calcium concentration that 
are likely to follow changes in internal sodium concentration”. 

For small perturbations from the normal condition in Ringer’s 
solution, the half time with which the dark current returns is 
about 1 min, but shorter values and steeper-than-exponential 
return are seen for large overshoots (as in Fig. 6), and much 
longer half times and an S-shaped return after conditions likely 
to give a large increase in internal sodium, for example, after 
several minutes in 110 mM Na+0 Ca. 


Possible effect of reducing internal calcium 
on sensitivity to light 


Exposure of >10 min to solutions such as 20 mM Na, 0 Ca, 0 
Mg, 2 mM EGTA, sometimes reduces the sensitivity of the rod 
by several orders of magnitude, perhaps because the disks in the 
rod have lost most of their calcium™. In these conditions the rod 
exhibits the phenomenon of ‘superlinearity’ in which doubling 
the intensity of a weak flash may increase the response by a 
factor of =10. This behaviour might be explained by assuming 
that (1) several calcium ions are required to block each sodium 
channel, (2) with normal calcium one photon releases sufficient 
calcium ions to block many channels in a small region, and 03) 
after treatment with 0 Ca-EGTA the disks contain so little 
calcium that several photons must be absorbed simultaneously 
in a small region to release enough calcium to block any sodium 
channels at all. 


Conclusions 


These experiments with isolated rods support the widely held 
view that sodium ions normally carry the light-sensitive current 
into the outer segment of vertebrate photoreceptors. They also 
show that the current which flows in normal! conditions is only a 
small fraction of that observed in low calcium. When taken with 
the rapid effect of external calcium on sodium conductance the 
result may imply that the sodium pathway is closed for about 
95% of the time by combination with external calcium ions, and 
that light blocks the pathway completely by closing the inside for 
100% of the time. Such a mechanism might allow a finer grading 
of response and less dark noise than if there were fewer path- 
ways open for most of the time. 

The present experiments do not prove that calcium is the 
internal blocking agent released by light, as first suggested by 
Hagins’*, nor do they provide any information about the role of 
cyclic GMP, another potential transmitter”. They do, 
however, provide some indirect evidence for the calcium hypo- 
thesis, particularly when taken in conjunction with recent work 
on the light-activated extrusion of calctum'*””. Thus, the strong 
influence of the sodium concentration gradient on the time 
course of the light response fits rather well into a scheme in 
which some of the calcium ions released by light are transported 
to the outside by exchange with external sodium, The powerful 
effects of calcium ions in suppressing sodium current when 
applied externally also makes it easier to assume that they may 
have a somewhat similar effect on the inside of the membrane. 

We thank Professor D. A. Baylor for help in developing 
the method and Mr R. H. Cook for designing and building 
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The Harvey and Kirsten strains of murine sarcoma virus encode enzymatically and serologically related p21 src proteins 
which are required for virally mediated cellular transformation. The genes in each virus encoding p21 show such extensive 
divergence from each other that cloned probes from these genes detect distinct sets of cellular genes in the DNA from 
several vertebrate species. These data suggest that cellular p21 sarc genes constitute a divergent family of vertebrate genes 


that can regulate the growth of cells. 








THE Harvey and Kirsten strains of murine sarcoma virus (Ha- 
MuSV and Ki-MuSV) are replication-defective retroviruses that 
were isolated from independent mouse tumours induced by 
murine leukaemia viruses which had been passaged through 
rats’”, Ha-MuSV and Ki-MuSV are capable of both transform- 
ing fibroblasts in cell culture and inducing sarcomas and eryth- 
roleukaemias in susceptible mice’, The only known gene 
product of the viruses is a 21,000-molecular weight (MW) 
protein (p21) which is required for cellular transformation“ and 
is present at relatively high levels in virally transformed cells; a 
related but distinguishable p21 is constitutively expressed at low 
levels in normal cells of many vertebrate species*, Thus, p21 is a 
member of the class of normal cellular proteins whose coding 
sequences have been incorporated into the RNA genomes of 
various transforming retroviruses, such as Rous sarcoma virus’, 
Abelson murine leukaemia virus’ and feline sarcoma virus®. The 
phosphoproteins derived from these normal cellular proteins 
are required for transformation by their respective viruses and 
are ATP-using protein kinases”. Viral p21 differs from the 
other kinases in that it specifically binds guanine-containing 
nucleotides and can transfer the y-phosphate of GTP to a 
threonine residue on p21 (ref. 12). 

The nucleic acid sequences of Ha- and Ki-MuSV are 
derived from both murine leukaemia virus and rat cellular 
DNA'*"*, In the 5.5-kilobase (kb) RNA genome of Ha-MuSV, 
which has been analysed in much greater detail than that of 
Ki-MuSV, the rat sequences (4.5 kb) have been divided into two 
components: (1) 1.0 kb in the 5’ half of the genome representing 
the viral transforming (src) and p21-encoding gene’; (2) 3.5 kb 
derived largely, if not exclusively, from replication-defective, 
non-transforming, retrovirus-like sequences which are highly 
reiterated in rat DNA and which express themselves in some rat 
cells as ‘30S’ RNA**’”. Recently, using a molecularly cloned 
probe from the Ha-MuSV p21 src sequences, we have cloned 
two related cellular genes (sarc) from the rat’®. These p21 sarc 
genes are distinct from each other in that one is colinear with the 
viral src sequences while the other has three introns in its coding 
sequence; nevertheless, with appropriate in vitro molecular 
reconstructions, both genes can induce cellular transformation 
mediated by high-level expression of strongly related, yet dis- 
tinguishable, p21 sarc proteins’. 

The gross structure of Ki-MuSV is very similar to that of 
Ha-MuSV. The murine leukaemia virus components of these 
two viruses are highly related and their rat cellular components 
show extensive homology'*'*. However, RNA heteroduplex 
analysis has revealed segments of rat sequences in the 5’ half of 





the two genomes which show little homology’*. Comparison of 
these heteroduplexing data with our recently published data 
suggests that this segment of poor homology in Ha-MuSV 
corresponds to the 1.0-kb src sequence which encodes p21. 
These results were quite striking as the p21s encoded by Ha- 
MuSV and Ki-MuSV had shown only minor serological and 
electrophoretic differences'’, and we had not anticipated an 
apparently larger divergence in their nucleic acid coding 
sequences, 

We have now analysed in greater detail the relationship 
between the p21s of Ha-MuSV and Ki-MuSV, and we have 
performed a more detailed structural comparison of the src 
genes of Ha-MuSV and Ki-MuSV using molecular clones of 
each virus. We have found that there is only a short segment [0.3 
kilobase pairs (kbp)] of incomplete homology between their 
non-308 (that is src) components, Furthermore, using cloned 
fragments of each src sequence as radiolabelled probes for 
Southern blots of cellular DNA from a variety of species, we 
have shown that cellular sarc genes corresponding to Ha-src and 
Ki-src are detected as conserved genes in the DNA of several 





Table 1 Infectivity of viral DNA clones 





Foci per wg of 


DNA clones Treatment viral DNA 
H-1 Intact in pBR322 6.0x103 
p-14 Self-ligation 0 
HB-11 Self-ligation (7) 
KBE-2 Self-ligation (5) 

- p-14+HB-11 Ligation 9.0 x107 
p-14+KBE-2 Ligation 3.1* 10? 





The infectivity of the DNA preparations was tested through transfection onto 
NIH 3T3 cells using the calcium precipitation procedure****, Clone H-1 DNA was 
used as a positive control, All other DNA clones were purified free of their 
pBR322 vectors by restriction endonuclease digestion (using enzymes from 
Bethesda Research Laboratories and New England Biolabs according to the 
suppliers’ specification), agarose gel electrophoresis and electroelution®’. Purified 
inserts were ligated using T4 DNA ligase (New England Biolabs). DNA pre- 
parations (0.05-0.40 ug per dish) were transfected using calf thymus DNA as 
carrier (25 ug mi’), and foci of transformed cells were quantified from duplicate 
dishes. Representative foci were removed from the dishes using a cloning cylinder, 
so that the viral aetiology of the cellular transformations could be tested by p21 
immunoprecipitation (see Fig. 5 legend for experimental details). The foci in 
parentheses are discussed in the text. Although these data are not related directly 
to the location of the viral src genes, we observed that HB-11 and KBE-2 DNA 
reproducibly induced low numbers of foci in these assays. However, when the 
DNA from such foci was analysed by Southern blotting, no new bands were 
detected homologous to the HB-11 or KBE-2 DNAs, and none of these foci 
expressed enhanced levels of p21. We do not understand the origin of these 
‘background’ foci. 
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Fig. 1 Tryptic peptide analysis of 
p21 from cells transformed by Ha- 
MuSV or Ki-MuSV. MDCK dog 
cells transformed by Ha-MuSV, and 
C127 mouse cells transformed by 
Ki-MuSV, each in 60-mm dishes, 
were labelled for 22 h at 37°C with 
2ml of lysine/arginine-free Dul- 
becco-Vogt modified minimal 
essential medium supplemented 
with 2% dialysed fetal calf serum 
and 125 pCi each of “C-lysine and 
‘“C-arginine (Amersham, 350 mCi 
mmol” '). Cells were lysed with 2 ml 
buffer containing 50 mM Tris-HCl, 
pH 8.0, 5 mM MgCh, 100 mM NaCl 
and 1% Triton X-100. After centri- 
fugation for 30 min at 150,000 g, the 
cleared lysates were immunopre- 
cipitated by antisera containing 
antibodies to Ha-MuSV p21 from 
tumour-bearing rats as described 
previously“’°, The antigen~anti- 
body complexes were precipitated 
by Staphylococcus aureus containing 
protein A. The precipitated proteins 
were analysed by discontinuous 
polyacrylamide gel electrophoresis 
in 0.1% SDS and were visualized by 
fluorography, The protein bands 
from the polyacrylamide gels, fixed 
without diphenyloxazole, were 
excised for tryptic peptide analysis. 
Gel slices were swelled and digested 
in 1 ml of 0.1 M NH,HCO; contain- 
ing 20g of DCC-treated trypsin 
(Sigma, Type X1) at 37°C for 16h. 
20 pg of fresh trypsin were added 
and incubation continued for ano- 
ther 8 h. The eluted tryptic peptides 
were lyophilized twice and finger- 





s07 








d 
if 
& 
21 
23 O . 
“g des 1 
29 p u 
1@ be ; 
18 e, 28 
z? Opo i 
| a 
b - Me 2@, 
E i 14 
a8 
O 
£ l 29 
EA ene ee 





+ Electrophoresis 


printed by electrophoresis for 70 min at 400 V in 30% formic acid on cellulose thin-layer plates (Schleicher and Schue'l) followed by ascending 
chromatography in buffer containing n-butanol, acetic acid, pyridine and water (15:3: 10:12 v/v). Peptide spots were visualized by 
fluorography. a, Ha-MuSV p21; b, Ki-MuSV p21; c, Ha-MuSV p21 mixed with equal c.p.m. of Ki-MuSV p21; d, interpretative sketching of c. 
where Ha-MuSV-specific, Ki-MuSV-specific, and common tryptic peptides are indicated by hatched, open and solid circles respectively, 


vertebrate species. However, the individually conserved Ha- 
sarc and Ki-sare gene(s) in each species are markedly divergent 
from one another, being present on different restriction frag- 
ments of DNA from that species. 


Tryptic peptide analysis of Ha-MuSV and 
Ki-MuSV p21s 


Our laboratory has demonstrated the close relationship between 
the Ha-MuSV and Ki-MuSV p21s by the criteria of serological 
cross-reactivity, electrophoretic mobility and guanine nucleo- 
tide-binding properties. To assess further, by an independent 
parameter, the relatedness between these src proteins and, 
indirectly, their genetic sequences, we performed two-dimen- 
sional tryptic peptide analysis on the p21s of Ha- and Ki-MuSV. 
To visualize every tryptic peptide except the most C-terminal 
one, virally transformed cells were labelled with ‘“C-lysine plus 
14C-arginine. As shown in Fig. 1, 29 peptides have been re- 
solved of which 6 are unique to Ha-MuSV p21, 9 are unique to 
Ki-MuSV p21, and 14 are shared by the two. Therefore, 
approximately two-thirds of Ki-MuSV and Ha-MuSV p21 
peptides are shared, and this close, yet divergent, structural 
relationship has formed the basis for a detailed comparison of 
the genes encoding each viral p21. 


Biological relationship between Ha- and 
Ki-MuSV molecular clones 


Before studying the Ki-MuSV src sequences in detail, we sought 
biological evidence for the location of the Ki-MuSV src 
sequences relative to the well characterized Ha-MuSV src 


region. The molecular cloning of the genomes of Ha-MuSV and 
Ki-MuSV has been reported. These clones, referred to as clone 
H-1 and clone 4 respectively*’”’ (Fig. 2), were derived from 
unintegrated closed circular DNA molecules isolated shortly 
after cell infection by the viruses. Consequently, the cloned 
sequences are circularly permuted with respect to their linear 
viral genomes. As our initial step towards analysing the Ki- 
MuSV src sequences, we investigated whether these transform- 
ing sequences indeed were in a position analogous to their 
location in Ha-MuSV, as the earlier data had suggested. An 
appropriate direct biological assay would be the testing of the 
transforming activity of subgenomic Ki-MuSV fragments in the 
calcium phosphate precipitation-mediated DNA transfection 
assay’*. An initial problem in this determination was the inabil- 
ity of viral src sequences alone to induce efficiently formation of 
foci of transformed cells. The viral long terminal repeat (LTR) 
sequences, highlighted as a solid box on clone H-1 in Fig. 2, 
prove useful in overcoming this problem. The LTR, presumably 
containing an efficient promoter of viral RNA transcription, is 
an amalgam of sequences from both the 5' and 3’ termini of the 
RNA genome, which are juxtaposed by transfer of nascent 
DNA between templates during reverse transcription’’. Liga- 
tion of LTR DNA to both the transforming sequences of 
Ha-MuSV“ and Moloney-MuSV”, as well as the cellular sarc 
sequences related to these two viruses’**°, has resulted in 
enhanced transforming activity mediated by these DNAs. 
Accordingly, a large subgenomic Ha-MuSV fragment contain- 
ing the LTR was cloned in pBR322 and designated clone p-14 
(Fig. 2). The derivation of Ha-MuSY clone HB-11, which 
contains the entire viral src sequence, has been described”, 
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Ligation of these two clones at their common BamHI terminus 
resulted in efficient induction of transformed cell foci (Table 1), 
as expected. Therefore, a subgenomic Ki-MuSV fragment, 
residing in clone 4 in an analogous position to that of the HB-11 
src clone in clone H-1, was cloned in pBR322 and designated 
clone KBE-2 (Fig. 2). Ligation of Ha-MuSV clone p-14 to 
Ki-MuSV clone KBE-2 at the BamHI terminus resulted in 
efficient focus formation (Table 1), confirming that clone KBE-2 
did contain the Ki-MuSV src sequences. This result is consistent 
with published data which implicate the 5' half of the Ki-MuSV 
genome as required for transformation’. As expected, cells 
from foci induced by HB-11 or KBE-2 DNA ligated to the LTR 
fragment contained markedly elevated levels of p21 (data not 
shown). These results indicate that the viral p21 src genes of 
Ha-MuSV and Ki-MuSV are located in the same region of each 
respective viral genome. 


Fine structural comparison of Ki- and 
Ha-MuSV src genes 


Having confirmed the genera! location of the src sequences 
within the Ki-MuSV genome, we then compared these 
sequences with their Ha-MuSV counterparts. Clones KBE-2 
and HB-11 were hybridized for heteroduplex analysis (Fig. 3, 
d-f). The 1.1-kbp segment ‘11 +8 + 12’ (Fig. 3f) in clone HB-11 
represents precisely the published location and size of the 
Ha-MusSV src sequences relative to the 5’-terminal BamHI site 
in the clone'*?’, Similarly, segments ‘6’ and ‘10° (Fig. 3f) in 
clone HB-11 coincide with the reported location of rat 30S 
sequences, Heteroduplexing cf clone KBE-2 to the rat 30S 
clone shows that segments ‘1’ +‘3’ (Fig. 3c) correspond to the 
rat 30S sequences and segment ‘2’ represents sequences specific 
to Ki-MuSV. Segments ‘7-9’ in Ki-MuSV DNA (Fig. 3f) cor- 
respond to the Ki-specific segment ‘2’ in Fig. 3c, and segment ‘8’ 
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Fig. 2 Structural relationships among the viral clones. Ha-MuSV 
and Ki-MuSV RNA genomes had been molecularly cloned from 
preintegration circular DNA forms. Advantage was taken of the 
fact that retroviral RNA is reverse-transcribed after cellular 
infection into closed circular double-stranded DNA. Based on the 
uniqueness of particular restriction endonuclease sites, unin- 
tegrated viral DNA was purified from the Hirt supernatant of 
infected cells, cleaved with EcoRI (Ha-MuSV) or BamHI (Ki- 
MuSV), and cloned at these respective restriction sites in pBR322. 
(Ha-MuSV DNA originally had been cloned in AgtWES - A B™ but 
subsequently was recloned in pER322.) Consequently, Ha-MuSV 
clone H-1 and Ki-MuSV clone 4 are circularly permuted with 
respect to their RNA genomes, such that the termini of the 
genomes are juxtaposed in the DNA clones. The 5’ and 3’ halves of 
the viral genomes are demarcated as indicated on the DNA maps. 
The subgenomic fragments p-14, HB-11 and KBE-2 were derived 
from their respective parental clones by double digestion with the 
indicated restriction endonucleases, preparative gel electro- 
phoresis and molecular cloning at the appropriate sites in pBR322. 
Clone p-14 contains the LTR sequences (solid box) which have a 
promoter-like sequence of the same 5'-3' polarity as the viral 
genome?” and which significamtly enhance the transformation 
efficiency of viral src genes. Clone HB-11 (ref. 18) contains the 
Ha-MuSV transforming sequences (cross-hatched box). 








in Fig. 3f is homologous to a portion of the Ha-MuSV src region. 
Therefore, a 1.75-kbp segment in Ki-MuSV DNA, correspond- 
ing to segment ‘2’ in Fig. 3c, contains the Ki-MuSV src 
sequences, 

These heteroduplexing data have confirmed and extended the 
earlier RNA-DNA heteroduplexing experiments'* and have 
specified the location of src within Ki-MuSV DNA by virtue of 
its partial homology to Ha-MuSV src. In particular, our 
measurements of the heteroduplexes between these cloned 
DNA fragments can be combined with restriction endonuclease 
mapping data to clone a Ki-MuSV-specific fragment. To this 
end, we have developed a detailed restriction endonuclease map 
of clone KBE-2 and have compared it with the published map of 
clone HB-11, with the heteroduplexing data superimposed on 
the maps (Fig. 4). Note several features in this comparison: (1) 
virtually every site in the rat 30S DNA sequences (open box) of 
the clones is present in both Ha-MuSV and Ki-MuSV; (2) there 
is a complete site mismatch in the respective src sequences; (3) 
the location on clone HB-11 of the Ha-MuSV-specific (that is, 
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Fig.3 Heteroduplex analyses of Ki-MuSV src, Ha-MuSV src and 
rat 308 DNA molecules. Heteroduplexes were prepared as 
described previously??? Briefly, a mixture of linear DNA mole- 
cules (each at a concentration of 4-6 pg ml™'), freed from their 
cloning vectors by restriction endonuclease digestion and pre- 
parative gel electrophoresis, was denaturated by incubation in 0.1 
M NaOH for 10 min at 22°C. The solution was neutralized by 
the addition of 1/5 volume of 1 M Tris-HCI, pH 7.0. Deionized 
formamide was added to a final concentration of 50% and rena- 
turation was permitted by incubation for 30 min at 22°C. 
Heteroduplexes were mounted for electron microscopy after 
spreads on a hypophase of 18% formamide. The lengths of single- 
stranded ®X174 (5,375 bp) and double-stranded SV40 (5,240 bp) 
circular DNA molecules were determined in separate experiments 
in similar spreading conditions to obtain a conversion factor for 
obtaining measurements of single- and double-stranded regions of 
the heteroduplexes. We calculate from these experiments that 
1 um contour length of double-stranded DNA = 3,080 bp, 1 ym 
single-stranded DNA =3,040 bp. Electron micrographs (x 
54,000) are a, heteroduplex of Ki-MuSV fragment (clone KBE-2) 
and rat 305 DNA (clone 27A, which was cloned at the Sacl site in 
AgtWES - A B7”) and d, heteroduplex of Ki-MuSV (clone KBE-2) 
and Ha-MuSV (clone HB-11) fragments. Interpretative tracings of 
the heteroduplexes are shown in b and e. Schematic represen- 
tations (c, f) are based on the measurements of > 15 molecules. 
Contour lengths (in kb) were as follows: 1=0.40+0.02, 2= 
1.75+060.10, 3= 1.02 +0.06, 1-3 = Ki-MuSV clone, 2 = Ki-MuSV 
sre, 4 = 1.50 +0.08, 5 = 3.83 + 0.33, 4—5 = rat 308, 6 = 0.27 + 0.03, 
7=0,52+0.06, 8 = 0.3420.08, 9=1,.18+0.14, 10 =0.71 +0.05, 
11 =0.33 +0.07, 12 = 0.44+0.11, 6-10 = Ki-MuSV clone, 7-9 = 
Ki-MuSV src, 6+ 8 + 104+ 11412 = Ha-MuSV clone, 11+8+12= 
Ha-MuSV sre. 
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free of rat 30S) subgenomic fragment BS-9 (ref. 15) approxi- 
mately circumscribes the region of cross-homology between Ha- 
and Ki-MuSV src, (solid box). 

Pursuing this latter point, we performed Southern blot 
hybridization with **P-labelled BS-9 (Ha-specific) DNA as 
probe and were struck by its virtual lack of hybridization to clone 
KBE-2 (data not shown). We questioned whether this could be a 
function of differences in the relative stringency of hybridization 
conditions in the heteroduplexing and the Southern blotting 
procedures. Using the recently described formamide hybridiza- 
tion conditions which enable Southern blots to be hybridized 
under various levels of stringency”, we found that **P-BS-9 and 
Ki-MuSV src hybridized well only in ‘non-stringent’ conditions 
(data not shown): This lack of reactivity of the two src sequences 
in stringent conditions suggests that a Ki-MuSV-specific probe 
might be isolated free not only of 30S RNA sequences but also 
of Ha-MuSV cross-reactivity in stringent conditions. 


Detection of Ki-MuSV as distinct from 
Ha-MuSV sarc sequences in cellular DNA 


Our approach to the development of a Ki-MuSV src probe 
depended on the probe being completely free of rat 30S 
sequences, insofar as these genes related to 30S are highly 
reiterated in rats and, to a lesser extent, in mice. Therefore, 
based on its lack of hybridization to cloned rat 30S DNA, a 
1.0-kbp fragment of clone KBE-2 DNA was cloned in pBR322 
(clone HiHi-3, Fig. 4). For use as a Ki-MuSV sre-specific probe, 
a fragment of clone HiHi-3 was purified by preparative gel 
electrophoresis (HiHi-380, Fig. 4), We then used both the 
Ha-specific and Ki-specific DNAs as radiolabelled probes for 
Southern blots of high-molecular-weight DNA from cells of 
various species (Fig. 5). As biological controls for the specificity 
of the src probes, we performed hybridizations to EcoRI- 
digested DNAs from NIH 3T3 mouse cells infected with the 


Fig 4 Detailed structure of Ha-MuSV and 
Ki-MuSV transforming sequences. A detailed 
restriction endonuclease map, on a scale 
demarcated in kbp, was developed for Ki- 
MnuSV clone KBE-2, The detailed map of Ha- 


MuSV clone HB-11 is reproduced from the He MuSV 
published map of the complete Ha-MuSV Clone HB-11 
genome clone H-1"*. § on these 

maps are the heterduplex data of Fig. 3. The 

open box represents common rat 30S RNA 

sequences; the solid box represents sequences Bam HI Kp | 


shared by Ha-MuSV and Ki-MuSV but not rat 
308 RNA; the hatched boxes represent 
sequences unique to either Ha-MuSV (left- 
hatched) or Ki-MuSV (right-hatched). Note the 
discontinuity of scale on clone HB-11 (dotted 
lines), drawn to compensate for the size 
differential between the Ha-MuSV- and Ki- 
MuSV-specific (hatched) sequences. The 
details of the derivation of Ha-MuSV clone 
BS-9 have been published elsewhere’. To 
derive cloned sequences as a specific probe for 
Ri-MuSV, we sought a fragment of clone KBE- 
2 which would not hybridize to rat 30S RNA 
sequences, Accordingly, singly and doubly 
restricted fragments of clone KBE-2 were 
electrophoresed, blotted and hybridized™ to 
™P labelled cone 27A DNA. A HinclI~HinclI 
fragment (map positions 0.4-1.4) was purified 
by preparative gel electrophoresis, and after 
blunt-end ligation of EcoRI linkers (Col- 
laborative Research) to the DNA, molecules 
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various rat-derived sarcoma viruses. The Ha-specific probe, 
hybridized to EcoRI-digested DNA from cells non-productively 
transformed by Ha-MuSV, detected an additional band 
compared with control cell DNA which was not detected by the 
Ki-specific probe (data not shown). Conversely, the Ki-specific 
probe, but not the Ha-specific probe, detected an extra band in 
EcoRI-digested DNA from cells non-productively transformed 
by Ki-MuSV (Fig. 5a and b, lanes 6). . , 

A third cell line studied was NIH 3T2 cells transformed by the 
rat sarcoma virus (RaSV). This virus, whose entire genome is rat 
derived, was isolated after in vitro co-cultivation of two lines of 
rat cells”. The only known gene product of RaSV is a 29,000- 
MW protein” which is closely related to Ki- and Ha-MuSV p21s 
in terms of common methionine-conteining tryptic peptides as 
well as serological cross-reactivity". When blots of EcoRI- 
digested DNA from RaSV-transformed NIH 3T3 cells were 
hybridized with the Ha-MuSV and Ki-MuSV src probes, an 
extra band relative to control cells was detected only with the 
Ha-specific probe, not the Ki-specific probe (Fig. 5a and b, lanes 
5). These results demonstrate that the RaSV transforming 
sequences are more closely related to those of Ha-MuSV than to 
those of Ki-MuSV. 

Having confirmed the specificity of these src probes, we then 
teated DNAs of rat, chicken, human and mouse for cellular p21 
sarc sequences related to the viral src probes. It can be seen that 
the Ha-specific probe detected one or two bands in each of these 
EcoR1-digested DNAs (Fig. 5a, lanes 1-4). The Ki-specific 
probe detected one to three bands (Fig. 5, lanes 1-4) distinctly 
different from the corresponding Ha-specific bands. The 
exceedingly weak hybridization of the Ki-specific probe to the 
2.1- and 4.2-kbp chicken DNA fragments (Fig. 5b, lane 2) 
suggests that the normal cellular sarc sequences related to 
Ki-MuSV, having diverged more rapidly in chickens, are not as 
broadly conserved evolutionarily as are the Ha-MuSV sarc 
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were digested with EcoRI, purified free of linker monomers by Sepharose 2B (Pharmacia) chromatography and cloned at the EcoRI site of 
PBR322, This done n designated Ki-MuSV clone HIHI-3. When it was used as a radiolabelled probe for Southern blots of cellular DNA 
sequences, innumerable bands were detected in rat DNA, even though one to three bands were detected in DNA from other species (data not 
shown). The origin of this redundancy with respect to rat DNA was unclear, although it could have represented rat 308 sequences present in clone 
HiHi-3 yet missing in the rat 30S clone which we had used to define HIHi-3. Nevertheless, we sought a fragment of done HiHi-3, which would be 
‘single copy’ in rat DNA, by trimming the clone HIHI-3 insert. To prepare such a fragment, the clone HIHi-3 viral insert was digested with SstII 


and the 0.6-kbp fragment purified by preparative gel electrophoresis. This fragment 
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Fig. 5 Southern blot analysis of restriction endonuclease- 
digested high-molecular-weight cellular DNA. 50 wg of cellular 
DNA, prepared by established procedures*’, were digested for 
16h with 100 units EcoRI, electrophoresed, blotted and hybri- 
dized (in the ‘stringent’ conditions described in Fig. 4 legend) to 
either of two °?P-labelled DNA probes (1.5 x 107 c.p.m.). a, 2p. 
labelled BS-9 (Ha-specific) DNA. b, *’P-labelled HiHi-380 (Ki- 
specific) DNA. Sources of high-molecular-weight DNA were: 1, 
FRE rat cells; 2, chicken cells; 3, human cells; 4, uninfected NIH 
3T3 cells; 5, NIH 3T3 cells transformed by the rat sarcoma virus; 6, 
NIH 3T3 cells transformed by Ki-MuSV. The arrows indicate the 
positions of **P-labelled A/ HindIII DNA markers (length in kbp), 
Panel a, lane 1 portrays the two rat cellular sarc genes related to 
Ha-MuSV src, as has been reported elsewhere’®. The hybridizing 
bands represent the intron-containing (20 kbp) and colinear (13 
kbp) forms of Ha-sarc. 


Discussion 


The relationship between Ha-MuSV and Ki-MuSV is a more 
complex one than had been thought previously. Minor serolo- 
gical and electrophoretic differences between the viral p21s had 
suggested that the respective src proteins were merely variants 
of one another and were derived from the same cellular p21 sarc 
gene. This conclusion was consistent with the ability of these 
viruses to induce similar diseases in rodents and morphologically 
similar cellular transformants ia vitro. The data presented here 
clearly demonstrate that the Ha- and Ki-MuSV src sequences 
are derived from distinct cellular p21 sarc genes. On the basis of 
the heteroduplexing, hybridization and tryptic peptide data, we 
deduce that there are two domains within the genes coding for 
the respective viral p21 molecules. One of these domains 
represents sequences unique tc each p21 gene, sequences that 
are a subset of the hatched region of the viral genomes in Fig. 4. 
The other domain represents sequences shared by both the p21 
molecules, as indicated by the solid box in Fig. 4. Assuming that 
these common sequences are entirely coding sequences, their 
length (0.35 kbp) would contain the genetic information for 
~11,000 daltons of polypeptide chain, that is, one-half of the 
p21 polypeptide. Moreover, the ability of °°P-Ha-specific DNA 
to hybridize to Ki-MuSV src in non-stringent but not in stringent 
conditions suggests that the Ki-common and Ha-common 
sequences are approximately 10-15% divergent. Most of this 
divergence would involve ‘wobble-codon’ changes and other 
nucleotide changes resulting in conservative amino acid substi- 
tutions, such that > 50% of the tryptic peptides remain shared 
between the two viral p21s. It seems likely that these common 
sequences account for the serological cross-reactivity, guanine 
nucleotide-binding capacity and common biological potential 
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(transformation) of the viral p21s. Apparently this represents 
the selection pressure for the conservation of the p21 amino acid 
sequences during the evolution of Ha-MuSV and Ki-MuSV p21 
genes. Furthermore, our preliminary nucleotide sequence 
analysis of Ha~-MuSV places these common sequences in the 5’ 
half of the polypeptide chain (unpublished data). At this point, 
we can only speculate that the sequences unique to either Ha- or 
Ki-MuSV p21 contribute to as yet undiagnosed differences 
between the proteins. 

Our laboratory has demonstrated the expression of low (rela- 
tive to cells transformed by Ha- or Ki-MuSV) levels of p21 in 
normal cells from a wide variety of species, and our Southern 
blots of various cellular DNAs have shown the broad evolu- 
tionary conservation of both Ha- and Ki-MuSV cellular genes. 
Given the presence of multiple related, yet distinct genes, are all 
or only some of the cellular genes being expressed in different 
cells? We have shown that rat DNA has two genes homologous 
to Ha-MuSV src: one is apparently colinear with p21 src while 
the other has three introns in its coding sequence (it is likely that 
one of these genes is the progenitor of the putatively trans- 
formation-specific p29 of the third rat-derived sarcoma virus 
RaSV). Both genes are fully functional, as each is capable of 
causing cellular transformation after DNA transfection. These 
transfections also have demonstrated that elevated levels of a 
normal cellular protein are sufficient to cause cellular trans- 
formation. With respect to homology to Ki-MuSV src, blots of 
EcoRI-digested rat DNA have three prominent bands, while 
blots of rat DNA digested with other restriction endonucleases 
have two to three major bands (unpublished data). These data 
suggest that there may be two Ki-MuSV cellular sarc genes in 
the rat, thereby making a minimum total of four rat genes 
capable of encoding a constitutively expressed p21. As there has 
probably been selection pressure favouring the retention of this 
entire family of p21 genes, it would be important to determine 
which of the genes is expressed in different rat cells. With respect 
to mouse cells, we have recently reported that a line of 
undifferentiated haematopoietic cells expresses higher levels of 
p21 than do Ha-MuSV or Ki-MuSV-transformed cells’, and 
we wish to determine which gene is encoding this p21. The 
structures of the various cellular and viral p21 polypeptides and 
their in vivo expression should elucidate functional differences 
among the various p21s. For example, there may be a tissue- or 
differentiation-specific pattern of expression among the genes, 
as in the globin gene family”. By analogy to fetal and adult 
forms of globin, each distinct p21 might possess unique bio- 
chemical properties pivotal to its normal differentiation-related 
physiological role. 

We thank Ralph Shober and Jean Maryak for technical 
assistance and Lorraine Shaughnessy for preparation of the 
manuscript. 
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Gravitationally induced displacements of the contents of the frog egg can predictably determine the orientation of the 
subsequent dorsal-ventral axis of the embryo, regardless of the original position of sperm entry or of the grey crescent. In 
certain conditions, these displacements in the egg can also lead to the formation of a second axis, that is, to twinning. The 
previously reported ability of grafts of grey crescent cortex to induce secondary axes in recipient eggs is interpreted here as an 
unrecognized twinning effect of gravity. Our results lead us to question the classic interpretation of the grey crescent as a 


dorsal determinant in amphibian development. 











The unfertilized egg of most frogs and salamanders is organized 
with radial symmetry about its animal-vegetal axis. The embryo, 
however, has clear bilateral symmetry organized along anterior~ 
posterior and dorsal-ventral axes. Early embryologists recog- 
nized the following events in the establishment of the dorsal- 
ventral axis'*: (1) a-single sperm randomly enters the animal 
hemisphere, giving the egg its first bilateral symmetry; (2) before 
first cleavage, the egg forms a grey crescent, a region of reduced 
pigmentation in the animal hemisphere which, in the case of the 
frog egg, is opposite the side of sperm entry; (3) at gastrulation, 
about 15 cleavages later, the blastopore appears first at the 
lower limit of the surface region previously occupied by the grey 
crescent; and (4) dorsal structures of the embryo originate from 
the grey crescent region of the egg. As reported by Spemann and 
Mangold*’, the gastrula contains in the dorsal blastopore lip a 
group of cells which induce neighbouring cells to undergo dorsal 
development and are themselves incorporated into dorsal 
structures. Thus, the dorsal regions of the embryonic axis owe 
their location to the position of these inducer cells, the Spemann 
organizer, while ventral development occurs where the 
organizer is absent. 

As the Spemann organizer region is so clearly responsible for 
the ‘dorsalization’ of the gastrula and neurula, the grey crescent, 
its topographical precursor, has been ascribed the capacity to 
generate the organizer. The most detailed proposal for the grey 
crescent’s role is found in the cortical field hypothesis of Dalcq 
and Pasteels""’: the developmental fate of each egg region is said 
to derive from local values of two kinds of quantitative material 
gradients, the first a cortical gradient centred in the grey crescent 
at the egg surface, and the second, an internal cytoplasmic 
gradient oriented in the vegetal to animal direction following the 
concentration of yolk platelets. The blastopore and organizer 
would arise much later at the site where the combined value of 
the gradients is greatest. The two gradients were said to be 
distinguishable experimentally by their response to gravity or 
centrifugation, since the yolk platelets, but not the cortical 
materials, were expected to rearrange easily in the egg. 

Although Pasteels’ devised tests of this hypothesis involving 
rotation and inversion of eggs at the time of grey crescent 
formation, his results were rather ambiguous and have been 
generally neglected compared with the direct, dramatic support 
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of Curtis®, who reported that the dorsalizing activity of the grey 
crescent cortex was transplantable. He removed a piece of grey 
crescent cortex from a donor egg of X. Jaevis shortly before first 
cleavage and grafted it into the equatorial surface of the pros- 
pective ventral side of a recipient egg at or close to first cleavage. 
In all 11, eggs receiving cortex from the crescent region double 
embryonic axes developed, one supposedly from the resident 
crescent region and one from the transplanted crescent region. 
Thus, the grey crescent cortex was concluded to be a dorsalizing 
locus, which preserved its activity on transplantion. 

More recently, Nieuwkoop and co-workers have 
obtained experimental results which contradict a strict cortical 
gradient hypothesis. They found that at the mid-blastula stage, 
the potential for dorsal development iscarried by a group of cells 
in the vegetal hemisphere that are not topographically 
superimposable with the grey crescent. These vegetal cells 
induce the Spemann organizer to form in adjacent animal 
hemisphere cells, coincidentally in the grey crescent region. 
Furthermore, recent fate maps of X. laevis indicate that, 
contrary to earlier conclusions, the cells of the Spemann 
organizer do not derive from the grey crescent cortical area of 
the egg but from deeper cytoplasmic regions'''*. Because of 
these discrepancies, we have repeated and extended for X. laevis 
several of the classic experiments on which the importance of the 
grey crescent rests. 


39,30 


Topographical relationship of sperm entry, 
grey crescent and blastopore in X. laevis 


Shortly after fertilization, a small amount of pigment accumu- 
lates around the sperm entry point (SEP) in the animal hemi- 
sphere, producing a dark spot'’. Approximately mid-way in the 
period from fertilization to first cleavage, the grey crescent 
appears on the side of the animal hemisphere away from the 
SEP, as a region of lighter and more granular pigmentation’”. In 
~90% of eggs, the crescent forms in the sector 135°~-180° from 
the SEP'*, but the broadness and diffuseness of the crescent in 
X. laevis preclude more accurate measurement of its position 
relative to the SEP or blastopore. As the SEP can be very 
accurately localized, we have marked eggs with Nile blue at an 
equatorial position (that is, the boundary of the pigmented and 
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Fig.1 The topographical relationship of the sperm entry point (SEP) to the 
dorsal blastopore lip in X. laevis embyros developing from normal and 
rotated eggs. Unfertilized eggs were squeezed from frogs into 100% MR 
(100 mM NaCl, 2 mM KCI, 2mM CaCl, 1 mM MgCl, 5 mM Na~HEPES, 
pH 7.6) and fertilized in vitro in 30% MR. After fertilization, eggs were 
dejellied with 2% cysteine hydrochloride, brought to pH 7.9 with NaOH, 
and washed extensively with 20% MR before storage until use. Procedures 
were as described elsewhere”*”*. Eggs were placed in 5% Ficoll-20% MR 
and were marked at the equatorial margin (pigmentation boundary) beneath 
the SEP by application of a small crystal of Nile red, a sparingly soluble form 
of Nile blue’®, or by injection of 1% Nile blue in 20 mM sodium phosphate, 
PH 7,4, The rotated eggs were inclined 90° to the side, with the SEP and dye 
mark uppermost, starting 50 min after fertilization (0.55 on a normalized 
scale, 19°C), and continuing for 30min, at which time the eggs and 
unrotated controls were transferred to 20% MR where the perivitelline 
space rehydrated and the eggs returned to gravitational alignment. After 
9-15 h, when the blastopore lip first appeared, eggs were scored for the 
position of the lip relative to the dye mark, by inverting the egg and 
measuring the angle separating the lip and mark. The histogram places eggs 
in 20° angular spreads, Normal eggs, not rotated, cluster at the 180° angular 
separation, that is, the blastopore tends to be opposite the side of sperm 
entry. Rotated eggs group around a 0° separation, with the lip appearing on 
the same side as the SEP. 


non-pigmented hemispheres) closest to the SEP and have 
recorded the position of the earliest blastopore lip 10 h later, at 
the gastrula stage. As shown in Fig. 1, in 70% of eggs, blasto- 
pores originate in the sector 160-180° from the dye mark (and 
hence the SEP of the egg), 27% in the sector 120-160° from the 
SEP, and 3% in the 100-120° sector. Thus, the SEP is a good but 
not perfect indicator of the blastopore position and the future 
dorsal-ventral axis of the embryo. 


Dissociation of the topographical relations 

by gravity 

We have repeated and extended with X. laevis eggs several of 
the experiments of Ancel and Vintemberger'* who demon- 
strated the strong control exerted by gravity on axis deter- 
mination in eggs of Rana fusca. In our modification’? of their 
procedure, we have marked dejellied eggs with Nile blue at the 
equator near the SEP and immersed them in a solution of 5% 
Ficoll (Pharmacia), a hydrophilic sucrose polymer which dehy- 
drates the perivitelline space and causes the fertilization 
envelope to collapse on to the egg surface. The egg can then be 
rotated 90° so that its animal—vegetal axis, which is normally 
vertical due to the dense yolk of the vegetal hemisphere, is then 
horizontal. In the Ficoll solution, the rotated egg is unable to 
return to the vertical orientation in the absence of lubrication 
from the perivitelline space. Inside the egg, the dense contents of 
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the vegetal hemisphere flow slowly downwards, driven by 
gravity, displacing upwards the less dense cytoplasm of the 
animal hemisphere’. These rearrangements continue until the 
egg is returned to the vertical orientation manually or by trans- 
ferring the egg to a solution without Ficoll, in which the peri- 
vitelline space rehydrates. With reference to the ege’s original 
animal-vegetal axis, gravity causes a slight displacement of 
cytoplasmic contents towards one side of the egg. 

The effect of brief horizontal orientation on axis deter- 
mination is very striking. Shortly after fertilization, we turned 
eggs horizontally to a position with the SEP and blue mark 
uppermost, left them in this orientation at 20 °C for 30 min and 
then allowed the eggs to develop in the normal orientation until 
the gastrula stage, when we scored for the position of the earliest 
blastopore. To our surprise, the blastopore originated directly 
beneath the blue mark, that is, on the same side of the egg where 
the sperm had entered. Brief rotation had completely reversed 
the egg’s selection of a dorsal-ventral axis. These data are shown 
in Fig. 1 on the right side of the histogram: in 70% of eggs the 
blastopore initiated in the sector 0-20° from the mark, 20% in 
the 20--40° sector and 10% in 40--60° sector. From observations 
of the Nile blue mark in the neurula and tailbud stages, we 
confirmed that dorsal embryonic structures did indeed form 
from the SEP side of these eggs. We also rotated eggs to 
horizontal inclinations in which the SEP and dye mark were to 
the left or right side rather than uppermost, and found that 
whatever region of the egg equator is uppermost during the 
rotation period becomes the site of dorsal development in the 
embryo. Clearly, the egg has selected its dorsal—ventral axis 
based on its relationship to the gravitational field and not on the 
position of the SEP. Normally the egg, in its vertical orientation, 
is free to rotate in the perivitelline space, protected from such 
gravity-induced lateral rearrangements of its contents. 

Figure 2 shows the effects of gravity on eggs at various times 
from fertilization to first cleavage, as seen using the Ficoll 
method. Control eggs are shown in the right-hand part of the 
graph, unrotated eggs gave blastopores approximately opposite 
(158°) the SEP, and eggs rotated horizontally with the SEP 
directed downwards gave a narrower angular distribution (173°) 
than the unrotated controls, as if rotation in that direction 
reinforces the normal sperm-directed selection of an axis. 

In contrast to the controls, the experimental eggs gave clear 
evidence of axis reversal. As the extent of reversal depends on 
the time at which the rotation began, the experimental results 
can be considered in two parts: that is, the effects of gravity in the 
pre-grey crescent period (time 0.0-0.5) and in the post-grey 
crescent period (0.5-1.0), where the scale of 0 to 1.0 represents 
normalized time from fertilization to first cleavage (100 min at 
18 °C). The egg is very sensitive to horizontal orientation in the 
pre-crescent period and reversal is essentially complete. A 
12-min period at 90° inclination is sufficient to reverse 100% of 
the eggs, and an angle of inclination of just 30°, rather than 90°, 
is fully effective (data not shown). Thus, the normal topo- 
graphical relation of the SEP to the locus of prospective dorsal 
development in the egg can be easily disrupted in the pre- 
crescent period, with the egg using the gravitational pertur- 
bation for its selection of an axis, as was recognized by Ancel and 
Vintemberger’’. 

In the post-crescent period, the egg becomes more refractory 
to the effects of gravity. As shown in Fig. 2, a horizontal 
inclination starting after the time 0.5 is still effective in deter- 
mining the axis, although the resistance of the egg to gravity 
increases between time 0.7 and 0.9 and is essentially complete 
by 1.0, when first cleavage begins. Pasteels' interpreted this 
resistance as a reflection of the establishment of the grey 
crescent which, as a cortical determinant, was by definition not 
perturbable by gravity. Our data do not really fit this inter- 
pretation because even at times 0.7 and 0.8, when the grey 
crescent is fully visible in X. laevis eggs, a significant fraction of 
the eggs are still affected by gravity. On the other hand, we do 
not know when grey crescent formation is complete in X. laevis 
eggs, and note that in other frog species the formation continues 
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Table 1 Effects of gravity and centrifugal force in the period after grey crescent 
formation and before first cleavage 





Position of 


Angle of neural groove 
inclination (average 
of egg, angle, in 
Starting time Duration Force SEP side No. of degrees 
(normalized) {min} (g) uppermost eggs from SEP) 
D — — 1 Q 470 138 
(2) 0.40 20 1 90 109 27 
3) 0.90 20 1 90 98 140 
(4) 0.90 90 1 90 32 14] 
(5) 0,90 4 26 90 120 112 
(6) 0.90 4+90 2641 90 43 74 
(7) 0.95 4 50 45 10 30 
(8) 0.95 4 50 90 24 20 
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Eggs of X. laevis were fertilized, dejellied and embedded upright in 9% gelatin 
(175 Bloom, Sigma)/30% modified Ringer’s solution?®?? in 35-mm plastic tissue 
culture dishes. The sperm entry side of each egg was oriented towards a marked 
side of the dish. The time of the start of gravitational treatment was normalized to 
the interval from fertilization (0.0) to first cleavage (1.0) and expressed as a fraction 
of this interval. The treatments were done at room temperature (from 19 to 24°C) 
with cleavage times of 100 to 70 min, respectively. In the case of 2, 3 and 4, eggs in 
gelatin were inclined 90° with the sperm entry side uppermost, at 1g, by turning the 
dish on its side. For 5, 7, and 8, eggs in gelatin were centrifuged with the sperm 
entry side towards the centre of the rotor, that is, uppermost in the centrifugal field. 
In 6, eggs were centrifuged in this orientation for 4 min and then the dishes were 
kept inclined at 90° for 90 min with the sperm entry side uppermost. After the 
gravitational treatment, the eggs were returned to the upright position and 
incubated at 15°C for development. After 48 h the embryos were scored for the 
position of the neural groove and neural folds. The position of the neural groove is 
recorded as the angle between two vectors originating at the vegetal pole, one 
passing along the neural groove and one passing through the sperm entry point. An 
angle of 180° indicates that the neural groove is opposite the side of sperm entry, 
an angle of 0° indicates that the groove is on the same side. 


from 0.5 to 0.8 (refs 17-19). Therefore, we needed to test 
whether forces >1g could shift the dorsal-ventral axis at still 
later times. 

We used centrifugation to achieve more rapid and extensive 
movement of the egg contents in the refractory period. Eggs 
were first embedded and oriented uniformly in a dish of molten 
gelatin, which, like Ficoll, dehydrates the perivitelline space, 
and on solidification also holds the eggs in a fixed position. The 
dish was placed in the centrifuge with the SEP side of the eggs 
towards the centre of the rotor, so that the centrifugal force 
would move materials away from it. This orientation is 
equivalent to that of an egg turned SEP upwards in the gravita- 
tional field. After centrifugation, the embedded eggs were 
incubated in the normal orientation and later scored for the 
position of definitive dorsal structures, that is, the neural groove 
and folds, relative to the position of the original SEP. Data are 
summarized in Table 1. Uncentrifuged control embryos, left in 
gelatin in the normal vertical orientation, formed the dorsal side 
at a position averaging 138° from the SEP, a value slightly lower 
than the 158° found for the blastopore lip position in controls of 
Fig. 2, perhaps due to limited movement of the gelatin-embed- 
ded embryos after gastrulation. As a further control, embedded 
eggs were turned through 90° at 1g for 20 min starting at 
0.4—these developed dorsal structures at a position 20° from 
the SEP, again indicating the strong effect of gravity on pre-grey 
crescent eggs. By the time 0.9, eggs turned horizontally at 1g for 
20 min, or even for 90 min, in gelatin were completely refractory 
to gravity. 

However, if eggs were centrifuged at 26g for 4 min at 0.9, 
while oriented with the SEP side uppermost in the centrifugal 
field, there was a detectable effect on the prospective axis; the 
dorsal side of the embryo developed, on average, 112° from the 
SEP. If the 4-min centrifugation at 26g was followed by a 
90-min period of horizontal inclination at 1g, the effect was 
greater, moving the dorsal side to within 74° of the SEP. Finally, 
if eggs at 0.95 were centrifuged at 50g for 4 min, the dorsal- 
ventral axis of the embryo was essentially reversed, the dorsal 
side of the embryo developing within 20° or 30° from the SEP 
side. The latter treatment was effective until first cleavage, when 
the developing furrow weakened the egg so that it did not 
survive the centrifugation. Thus, while the post-crescent period 


is characterized by an increasing resistance to gravity, the pros- 
pective axis can still be shifted as completely as in the pre- 
crescent period, provided more force is applied. Thus, the locus 
for dorsal development can be completely dissociated from its 
normal topographical relationship to the grey crescent, well 
after the time of crescent formation. 


Double axis formation : 


The importance of the grey crescent in dorsalization has been 
most directly demonstrated by the production of double-axis 
embryos from eggs grafted with pieces of grey crescent cortex”. 
However, our data contradict such a role for the grey crescent, It 
seemed unlikely that the different results could be reconciled by 
describing the grey crescent cortex as active on transplantation 


_ while at the same time easily rearranged or replaced in the egg 


when exposed to gravitational force. Alternatively, we mustask 
whether the transplantation results could in some way be an 
artefact of gravity and not an effect of cortical transplantation. 
While exploring the effect of increasing centrifugal force on axis 
position, we found that double-axis embryos can indeed arise at 
high frequency within a narrow range of conditions of centri- 
fugation. As shown in Table 2 (groups 1 and 3), at a force of 30g 
applied for 4 min in the period 0.5-0.7, 60-70% of the eggs 
developed into neurulae with double, opposite, partial or 
complete sets of dorsal structures, essentially as Siamese twins. 
Double axes form only if the egg is centrifuged with the SEP side 
oriented towards the centre of the rotor, that is, in the position 
uppermost in the centrifugal field. As shown in Table 2 (group 
2), when the SEP is directed away from the centre, no twins are 
formed, and the single dorsal side is centripetal, where the 
crescent had resided. In this orientation, gravity presumably just 
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Fig. 2 Position of the dorsal blastopore lip in embryos from X. laevis eggs 
rotated at various times after fertilization. Eggs were fertilized and dejellied 
as described in Fig. 1 legend and placed in 20% MR containing 3% Ficoll. 
The eggs were marked at the prospective ventral equator, that is, on the side 
of the SEP as described in Fig. 1 legend, and were then left in a vertical 
position with the animal pole upwards; until the time of rotation when they 
were turned (90° rotation with SEP uppermost). Eggs remained in the 
rotated position for 60 min and were then returned to a vertical orientation 
and allowed to develop in 20% MR. The position of the first appearance of 
the blastopore lip, ~9-15 h after fertilization (16-21 °C), was scored as the 
angle between the lip and the dye mark, as described in Fig. 1 legend; P 
indicates superposition of the dye mark and lip, whereas an angle of 
separation of 180° indicates opposition of the mark and lip. The angle of 
separation is given on the ordinate, and the time at which the egg was rotated 
is shown on the abscissa. The time is normalized, with fertilization set as 0.0 
and the start of first cleavage set at 1.0, This period ranges from 70 to 130 
min depending on the temperature. Data for individual eggs at each time are 
given as horizontal dashes, while the average for that time is given as an open 
circle. Control results are shown at the right hand side of the figure: eggs 
were either left without rotation, or were turned with the dye mark (SEP 
side) downwards. Note that the latter controls gave an even sharper popu- 
lation response than unfotated controls, for the average angle of separation 
of the lip and mark. Note also in the experimental series the heterogeneity of 
the response in the time range 0.7-0.9, when some eggs were affected totally 
by gravity, a few were not affected at all, and others gave intermediate angles 
of separation. 
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Fig. 3 Twin embryos produced from eggs removed from the fertilization 
envelope and turned ventral side uppermost, before first cleavage. a, Early 
gastrula with two blastopores, indicated by arrows; b, three late neurulae, 
two with double neural grooves and one a control embryo with a single 
neural groove, The anterior end of each groove is indicated by an arrow. c, 
Siamese twin at hatching, at about stage 38. One of the axes carries a less well 
developed head, lacking eyes, although the sucker is present and the trunk is 
complete, d, Section of a twin embryo, at the posterior head level. Two 
neural tubes are visible at the top, close together, and two mouth cavities are 
present at the bottom, Arrows indicate two suckers. The axes were more 
separated in the mid-trunk region. Paraffin sections were 7 um thick and 
were stained with nuclear fast red-aniline blue-orange G. 


reinforces the effects of the SEP and the grey crescent on axis 
determination. Furthermore, even in the orientation favourable 
for twinning, the extent of rearrangement is critical: at still 
higher centrifugal force, twins do not form and the single axis 
forms on the SEP side, that is, that controlled by centrifugal 
force. This is shown in Table 2, group 4; eggs were centrifuged 
with the SEP towards the centre of the rotor, as is suitable for 
twinning, but were subsequently inclined horizontally with the 
side of the SEP uppermost, to continue lateral displacements of 
the egg contents at 1g for 90 min. In this case, no twins were 
formed and the single axis derived from the SEP side, not the 
side of the grey crescent. Thus, twins seem to develop when the 
gravitational force is strong enough to create a new dorsal 
localization in the egg but not so strong as to eliminate the old 
(SEP~grey crescent-directed) one. 


Reservations about cortical 
grafting results 


As high centrifugal force produces double-axis embryos, we 
attempted to duplicate the conditions at 1g used by Curtis? in his 
cortical transplantation experiments, to determine whether 
gravity could also act as a twinning agent there. When the egg 
was removed from the fertilization envelope by manual dis- 
section and allowed to settle on to an agar surface with its SEP 
side uppermost, twins were in fact produced. The frequency was 
quite variable from one egg batch to the next and as shown in 
Table 2, we found two batches (that is, from two different frogs) 
giving 50-70% double-axis embryos, three batches giving 30- 
49%, eight giving 10-29% and eight giving 0-9%. Figure 3a 
shows an example of a double blastopore of an early gastrula 
from an egg turned horizontally with the SEP side uppermost 
starting at 0.8, and left in this orientation until the 16-cell stage. 
Examples of double neurulae and of a hatching-stage Siamese 
twin are shown in Fig. 3b and c, respectively. Histological 
analysis confirmed the presence of doubled internal dorsal 
structures (Fig. 3d). 

With regard to the conditions required’ for twinning by this 
procedure, it should first be mentioned that eggs removed from 
the fertilization envelope lack a perivitelline space and remain in 
the orientation in which they are put intentionally or by chance. 
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Therefore, just as in the Ficoll treatment, they cannot return to 
the vertical orientation and are susceptible to gravity-induced 
displacements of the egg contents. Second, twinning has been 
observed by us only in eggs oriented with the SEP side, that is, 
the prospective ventral side, uppermost. Table 2 records no 
double-axis embryos for two sets of eggs oriented with the SEP 
directed downwards, that is, prospective dorsal side uppermost: 
eggs of these same batches gave 20% and 35% twins when 
oriented SEP upwards. This requirement is the same as found 
for twinning by centrifugation and implies the importance of 
having gravity oppose rather than reinforce the effects of the 
sperm and grey crescent on axis selection. Third, extreme 
flattening of the egg which occurs on its removal from the 
fertilization envelope may also be an important precondition for 
twinning at 1g, thereby explaining why we rarely observed twins 
(never more than 5%) in our experiments when eggs were 
rotated SEP side uppermost in Ficoll or gelatin, as these eggs 
largely retain their spherical shape. Thus, with the proper choice 
of conditions, gravity can cause the formation of double-axis 
embryos in X. laevis. Double blastopores and secondary 
embryonic axes due to gravitational effects have been previously 
reported by Pasteels' using an axolotl egg turned with the 
prospective ventral side directed upwards shortly after grey 
crescent formation, by Kubota?’ with Rana nigromaculata eggs 
inclined horizontally at the time of crescent formation, and by 
Schultze”', Penners and Schleip”? and Penners”° with inverted 
and flattened R. fusca eggs. 

Because of these results, we question Curtis’ interpretation® 
that double-axis embryos in his experiments owe their origin to 
the implantation of grey crescent cortex. To implant the graft, 
Curtis had to remove the fertilization envelope of the recipient 
egg, which means that the egg was no longer free to control its 
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Fig. 4 Dorsal—ventral rearrangements of the cytoplasmic contents of X, 
laevis eggs. Eggs were fixed at various times in Bouin d'Hollande fixative, 
dehydrated, embedded in paraffin, sectioned at 6 um along the prospective 
dorsal-ventral axis and stained with azofuchsin-aniline blue-orange G. 
Median sections along the prospective dorsal-ventral axis were examined for 
regional differences in the size and number of yolk platelets, the presence of 
pigment granules, aster and spindle fibres, and pronuclei. Schemes of 
representative sections are shown; this was necessary as only the highest- 
quality colour reproductions preserve the regional differences seen under 
the microscope. Photographs of actual sections will be presented else- 
where'’, In the drawings, the region of large, closely packed vegetal 
platelets is indicated by cross-hatching; the intermediate size, closely packed 
equatorial platelets are indicated by dots, and the animal hemisphere region 
of small dispersed platelets and abundant cytoplasm is indicated by an open 
area. In all cases the egg is oriented animal hemisphere uppermost, and in the 
case of fertilized eggs, the SEP is at the left side of the egg, at or slightly above 
the equatorial level, as indicated by the asterisk. a, Drawing of an unfertil- 
ized egg, showing the radial distribution of contents. At the animal pole of 
the egg is the second meiotic spindle. b, A fertilized egg fixed at 0.6, well after 
the grey crescent became visible. The egg has been kept in the normal 
vertical orientation. Note the upward trail of intermediate and large yolk 
platelets on the prospective dorsal side of the egg. The region of the grey 
crescent is indicated by the raised boundary of pigment granules in the 
cortex. Dorsal structures will arise from this region of the egg, that is, 
opposite the SEP side. The sperm aster with paired pronuclei is still clearly 
visible. c, An egg turned horizontally with the SEP down from 0,26~0.5, 
fixed at 0.6. Note the trail of large and intermediate yolk on the right-hand 
side, occupying about the same position as in a normal (non-rotated) egg. 
This egg, like a non-rotated egg, would develop dorsal structures from the 
right side, the side opposite the SEP (asterisk). d, An egg which was turned 
horizontally with the SEP side upwards, starting at 0,28 and remaining until 
0.5. It was subsequently fixed at 0.7. Note the trail of yolk at the left-hand 
side of the egg, the SEP side (asterisk). The horizontal orientation allowed 
gravity to displace cytoplasmic contents away from the SEP side, leaving the 
trail of yolk behind. The dorsal structures of the embryo will arise from the 
SEP side of this egg, instead of opposite the SEP. 


Normal 
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Table 2 Secondary axis formation (twinning) by X kaevu eggs perturbed by centrifugal force or gravity 


i Duration Force 

Starting timo (min) 

g) 0.65 4 30 
065 4 30 
0.60 4 30 

A 0.60 4490 30+1 

(5) ae 

© Geeta: Until 16-cell stage , 1 

(8) 

(9) 0.5-1.0 Until 16-cell stage ` 1 


Angie of inchnation % Embryos with 
of egg No. of eggs double axce 
90°, SEP m 20 70 
90°. SEP out 13 (1 frow) F 
90°, SEP in 14 
90°, SEP in/up js (1 frog) 0 
3 ane re 
45-90", SEP up 9 (8 
50 B ra 3049 
26 (2fog) 50-70 
45-90°, SEP down M "(2 ton) 0 


were fertilized, dejellied, and either embedded in 9% gniatin/30% modified Ringer's solution (4R)™* with the SEP towards the marked side of the dish or 


Eggs 
immersed in 6% Ficoll-20% MR™. The 
0.65 as indicated, During 


the SEP nde away (SEP out) from the rotor centre, Those orientations correspond to having 
the SEP side up or down, respectrvely. In the case of Ficoll-treated oggs (rows 5-9), the fertilization 


eggs (rows 1-4) were centrifuged as described m Table 1 legend at 700 r.p.m. (30g) for 4 min, starting at 0.60 or 
the oggs of rows 1, 3 and 4 were orlented with the SEP side towards (SEP mn) the centre of the rotor whereas the oggs of row 2 had 


the antmal—regetal axis of the ogg hormontal (90°) in the centrifugal feld with 
wore removed manually using forceps, and starting in the tme 


envelopes 
period 0.5~1.0 the eggs were turned SEP side uppermost (rows 5, 6, 7 and 8) or down (row 9) on an agar surface in 20% MR containing 50 pg mi gentamycin. Eggs were 
transferred 


kept in this orientation until the 16- or 32-cell stage and then were 


to benusphenc wells in agar in 20% MR~gentamycin to enhance advanced development of 


the ombryos. The treatments were done at room temperature (19-23 *C). The number and completeness of the axes were scored at stages from late neurula to advanced 


talbod when suckers were identifiable. . 


orientation. As shown in ref. 8, Fig. A, B, his recipient eggs were 
inclined 45°-90° to the side in the period of grafting or recovery, 
which is the orientation required for gravity to cause lateral 
displacements of the egg contents. We assume that eggs receiv- 
ing grafts in the ventral margin were turned slightly with this side 
uppermost, to receive the graft; this would be the condition for 
twinning by gravity. Implantations in this position are the ones 
for which Curtis observed double-axis embryos and which led 
-him to conclude the dorsalizing activity of the graft. THe critical 
control for these experimental manipulations would have been a 
grafting of a piecè of non-grey crescent cortex (for example, 
ventral margin cortex) into thé ventral side of a recipient egg. If 
the source of the cortex is critical, such recipients should develop 
only a single axis; if unrecognized gravitational effects are 
responsible, the recipients should still twin. Although Curtis did 
not report this control, he did use several others involving grafts 
of grey crescent, animal pole and ventral cortex, but all were 
implanted in the dorsal (that is, grey crescent) side of the egg. If 
these eggs were turned slightly with dorsal side uppermost to 
receive the graft, they would nót be expected to give twins, 
according to our results, as, in this orlentation, gravity would 
only reinforce the normal sperm and grey crescent-dependent 
dorsalization of the egg. In fact, in Curtls’ experiments, all 
implantations to the dorsal margin gave single-axis embryos. We 
suggest that those were not appropriate controls for the ventral 
implantations, all of which gave twins. ; f 
Although we cannot prove that Curtis’ grafts of grey crescent 
cortex did not have transplantable dorsalizing activity, we ques- 
tion such an interpretation since we can obtain twinning without 
cortical transplantation, simply by exposing eggs to experimen- 


tal conditions close to, if not identical, tò those used by him. It ` 


seems plausible to us that the critical agent was not the cortical 
graft but gravity acting on.an egg that was turned ventral side 
uppermost. , - i 

The role of the grey crescent 

We suggest that the grey crescent is a manifestation of an early 
dorsalizing process but is not itself a transplantable dorsal 
determinant or source of a lasting cortical feld. Although the 
mechanism of grey crescent formation is unknown, and may 
differ among various amphibia™, Lovtrup™ and Palatek et al.’ 
suggest that in X- laevis the crescent develops opposite the 
sperm entry side because a large asymmetric contraction of the 
egg cortex draws pigment granules of the animal hemisphere 
towards the sperm entry side, leaving a visibly depigmented 
crescent on the dorsal side. We suggest that this asymmetric 
- contraction as a whole is an early doraalizing mechanism 
important for establishing regional cytoplasmic- differences 
along the prospective dorsal—ventral axis of the egg. The target 
of the contraction would not be the cortex, but deeper, movable 
cytoplasmic materials. Pasteels? observed in sections of post- 
grey crescent eggs of R. fusca a trail of displaced vegetal yolk 


associated with the cortex on the dorsal side and suggested that it 
was pulled upwards during grey creacent formation. Klag and 
Ubbels” observed similar dorsal displacements in eggs of 

Figure 4a, b shows schematic diagrams of actual sections of X. 
laevis eggs, in one case before fertilization when the egg 
contents are arranged with radial symmetry and in the other case 
at 0.6 when the egg has already acquired a detectable asymmetry 
along its dorsal-ventral axis. The displacement of yolk is dis- 
cernible on the prospective dorsal side, while the ventral side has 
a quite différent distribution of materials. Actin filaments of the 
cortex presumably participate in the contraction, but micro- 
tubules must algo play a part since inhibitors such as colchicine 
and vinblastine block grey crescent formation and cytoplasmic 
displacements'*"*, We propose that & vectorial contraction of 
the cortex normally induces a rearrangement of the egg’s cyto- 
plasmic contents, forming a cytoplasmic localization necessary 
for the eventual induction of dorsal mesoderm. 

Although in X. laevis the cortical contraction probably 
operates only in the time period 0.5-0.8, gravity may be able to 
generate a comparable dorsal—ventral asymmetry at earlier or 
later times, perhaps until the egg cytoskeleton or cleavage 
furrows interfere. Figure 4c shows a schematic section of an X. 
laevis egg rotated horizontally with SEP directed downwards, 
an orientation in which gravity reinforces normal axis formation. 
The cytoplasmic distribution of this egg is equivalent to that of 
the normal egg shown in Fig. 44; in Fig. 4d a similar egg has been 
turned horizontally with the SEP uppermost, an orientation 
leading to axis reversal. In this case the trail of vegetal yolk 
appears on the same side as the SEP, roughly the mirror image of 
the normal egg in Fig. 45. Thus, the cytoplasmic distributions 
correlate. with axis reversal. We have not yet sectioned eggs 
obtained in conditions which favour twinning, but we might 
expect double symmetrical trails of yalk. Cytological studies of 
normal, rotated and centrifuged eggs will be presented in detail 
elsewhere’, © - 

Initially the sperm must in some way determine the position of 
the prospective dorsal—ventral axis of the egg, because the grey 
crescent, blastopore, and dorsal structures normally arise on the 
side opposite its random point of entry. Since the cortex 
contracts towards the side of sperm entry, the question becomes 
one of how the sperm orients this contraction. Soon after 
entering the egg, the sperm a large aster, organized 
presumably by its centriole’**’, The astral microtubules cause a 
slight redistribution of cytoplasmic contents along the future 
dorsal-ventral axis. The antimicrotubule drugs colchicine and 
vinblastine block aster assembly and in their presence the 
cytoplasmic displacements do not occur™. Similarly, artificially 
activated eggs of X. laevis, lacking a functional centriole, do not 
have these early displacements. We suggest that this initial slight 

_aster-driven asymmetry cues the direction of the cortical 
contraction, that in turn leads to the major cytoplasmic . 
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redistribution shown in Fig. 4b. It seems consistent that the X. 
laevis egg is more sensitive to the axis-orienting effects of gravity 
in the pre-crescent period than in the post-crescent period, since 
at early stages, gravity, like the sperm aster, needs only to create 
a small lateral displacement of cytoplasmic materials to cue the 
cortical contraction. In the post-grey crescent period, larger 
forces, afforded by centrifugation, are required to reverse the 
cytoplasmic distribution accomplished by the contraction and to 
create a new and opposite one. 

In summary, the important dorsal-ventral regional 
differences arising in the fertilized egg before first cleavage 
appear to reside not in the grey crescent cortex but in cytoplas- 
mic materials reorganized normally by the sperm aster and 
cortical contraction, or experimentally by gravitational force. 
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Since 1969 ~5,000 meteorite fragments have been recovered 
from two regions, the Yamato Mountains and Victorialand, on 
opposite sides of the East Antarctic ice cap'’*. Based on a 
steady-state model for the ice cap*, and current estimates of 
meteorite influx’, a model is developed here which predicts that 
the steady-state number of meteorites being carried in and on 
the ice is at least 760,000. Most of these are being carried within 
the ice and are only exposed at peripheral regions by a 
combination of wind ablation and blockage of ice movement by 
protruding mountain barriers. The large steady-state population 
of meteorites does not require unusual conditions of influx. It is 
solely the cold, dry climate which preserves virtually all 
meteorites that fall except for the fragile, porous carbonaceous 
chondrites. The same model applied to the Greenland ice cap 
indicates a steady-state population of ~61,000 meteorites. 
The East Antarctic ice cap has several properties that permit 
some simplifications in developing a model for it, without loss of 
generality. The area is roughly elliptical with major and minor 
diameters of ~4,000 km and 3,000 km, respectively, It has an 
area of 9.4 x 10° km? and a singie major centre of ice flow. The 
calculated circumference is 1.11 10*km. For the purpose of 
this model, the calculation is simplified if an equivalent circle is 
used with the same area and almost identical circumference. The 
equivalent circular continent would have a radius of 1,730 km 
(area 9.4 x 10° km’, circumference = 1,09 x 10* km). 
Meteorites falling randomly over the ice cap are carried in and 
on the ice radially coastwards. Initially, we consider that there is 


no blockage of movement and each meteorite reaches the coast 
where it is lost by calving of the ice into the sea. After some time 
a steady-state population, Q, of meteorites will be reached in the 
ice cap. A simple relationship can be derived, Q = sF/2v, where 
F is the influx rate (meteorites yr™' for the total area, 9.4 x 
10° km’), s is the distance travelled (m), and v is the mean 
velocity of travel (m yr`'). The time for the steady state to be 
established is T (yr)=s/v. Based on a steady-state ice cap 
profile, as well as actual measurements in the field, the velocity 
near the coast is higher than in the interior. 

Nagata’ has developed a model for the longitudinal profile of 
a steady-state ice cap. In it he derives analytical expressions 
relating v to s and a parameter, b, the accumulation rate of ice 
expressed in m yr™' of water equivalent. 

To determine how v varies with distance from the centre to 
the edge some estimates of b are needed. For East Antarctica 
Paterson’ states that accumulation ranges from 6 = 0.03 m yr™' 
in the central part to ~0.60 m yr”! near the coast. Measured 
velocities range from <1 myr™' in the central part to over 
300 m yr’ near the coast®®. These observations were used in 
conjunction with the Nagata model to model the velocity from 
the centre to the coast. A tabulation of velocities was prepared 
but no attempt was made to fit them by an analytical expression. 

Hughes* has summarized data on meteorite influx rates. The 
value of F to be used in the calculation of Q depends on the mass 
of the smallest meteorite to be considered. If dust grains are 
considered then Q would be very large; if ton-size meteorites 
are considered then Q would be very small. In Antarctica, 
within an area of concentration, specimens as small as 0.1- 
0.87g have been collected’*. These, however, are clearly 
fragments from larger masses that have suffered extensive 
fragmentation. Thus, an estimate of the fragmentation factor is 
needed. 

Based on the proportion of irons and pallasites to stone 
meteorites in the Yamato recovery region, relative to worldwide 
observed falls, Nagata’ estimates a factor of 3. The same analysis 
applied to the Victorialand finds? gives a value of 5. King et al? 
have attempted to pair many of the Victorialand specimens 
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based on field occurrence, macroscopic and microscopic 
appearances. Their suggested pairings indicate a factor between 
3 and 4. Thus, a factor of 4+1 seems to be indicated, which 
seems remarkably low. Antarctic meteorites suffer four frag- 
mentation processes: (1) normal break-up during atmospheric 
« passage (Hellyer’® states that about half of observed falls are 
multiply fragmented); (2) fragmentation on impact on ice; (3) 
crushing while being carried within the ice during transport; (4) 
frost-breakage while exposed in concentration areas near the ice 
periphery (dark rocks are warmed above the freezing point of 
water during summer months, allowing moisture within them to 
melt and then refreeze during the dark winter months). A better 
method to determine fragmentation would be to compare the 
distribution of recovered masses with the masses of observed 
meteorite falls. The data on the recoveries in Victorialand 
through 1979 have been tabulated by Score et al.*. The dis- 
tribution of masses is highly skewed. The mean mass is 1,910 g, 
while the median is 235 g and the mode is 15 g. Hughes“! has 
plotted the distribution of recovered masses among 755 obser- 
ved falls. The histogram shows a mode at 3 kg. If we assume that 
the mode of observed falls is a good measure of the highest 
frequency of meteorite masses that survive entry, then 
comparison of the mode of the Victorialand finds, 15 g, with this 
3 kg figure indicates the most frequent fragmentation factor is 
200. This seems to be a more reasonable number. Although iron 
meteorites clearly fragment less readily than stone meteorites, 
data on observed falls indicate that over 91% are stones. Thus, 
based on data for observed falls; the most frequent mass surviv- 
ing entry is 3 kg. In Antarctica the mæst frequent size of frag- 
ment is 15 g. A 15-g meteorite is readily observed on the ice in 
Antarctic fleld conditions. oe 
Hughes* has fitted an equation to the observed data on 
recovered masses (non-Antarctic) for the mass range >16 kg. 
Extrapolation-of this equation to 3 kg gives a worldwide influx 
rate of 3,500 meteorites yr `>. This number is in good agreement 
with an estimate of 3,300 based on Hughes’ analysis of data 
_ presented by Brown’? and tabulated in ref, 4. Both Halliday and 
Hughes (personal communications) agree this is the most 
reasonable figure to use based on current data. In addition, 
Halliday’ has determined a latitude effect by analysis of 
meteorite orbits. This effect depends on the initial velocity of a 
meteorite encountering the Earth. Those with a velocity of 
15 kms” will be ~20% less frequent at high latitudes (70°-90°, 
N or S) relative to equatorial latitudes; those with a velocity of 
25kms™' will be 40-50% less frequent at high latitudes. 
ReVelle™ has developed a model for the mass-loss (ablation) of 
chondrites falling through the Earth’s atmosphere. From it one 
can conclude that most meteorites that survive entry are the 
slower ones*. Thus, for Antarctica a reduction of 20% will be 
used for the latitude effect. The value of F for East Antarctica is 
then 48.6 meteorites of 3 kg mass or larger per year. 

Tabulated mean values of v were used in each of 10 concentric 
subregions, of equal area, from the centre to the edge of the 
continent, and the respective values of Q were determined and 
summed. The steady-state quantity of meteorites is Q= 

, 529,000 (1.06x10* fragments). The time required for the 
steady state to be established is 22,000 yr, which is short 
compared with the age of the ice cap". In these computations it 
was assumed that effects due to ice surging movement average 
out over this time span. 

These computations assume that no blockage or retardation 
of ice occurs. In reality ~47% of the East Antarctic perimeter 
consists of protruding mountains that cause significant retar- 
dation of ice movement. In the vicinity of the Yamato Moun- 
tains horizontal velocities of 1 to 0.5myr™ have been 
measured’. Assuming 1 m yr’! in the vicinitles of these barriers, 
and 47% of the perimeter affected, the effect is to increase the 
value of Q to 760,000 meteorites (1.5 x 10* fragments). 

The computations, so far, have assumed that each meteorite 
lands on the ice and is.carried, either in it or on it, in a straight 
line path to the perimeter, Clearly, this cannot be the case as 
ice-buried topographic highs, subsidiary flow centres on the ice 
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(such as the Fuji Divide near, and upstream from the Yamato 
Mountains), and local variations in accumulation rate cause the 
ice to move along on less-than-direct lines. For any path that 
meanders from the direct path the effect is to increase the value 
of Q. There is no way, quantitatively, ta assess the magnitude of 
this effect over the whole ice cap. Thus, the value of Q deter- 
mined above is a minimum. 

Finally, one additional process can affect the value of Q. It has 
been assumed so far that v is not a function of depth within the 
ice at which a meteorite is cafried. Clearly, as accumulation 
takes place over time, any meteorite that fell in an earlier time 
will be buried as it is carried along. Variation of velocity with 
depth is not believed to be a large factor. Velocity is considered 
almost constant from the ice surface down to about half of full 
depth’®. What happens below half depth, especially near the 
bottom, is not thoroughly understood and several possibilities 
exist’”. In terms of Nagata’s model this factor does not seem to 
affect Q significantly. 

Considering all the assumptions and simplifications in the 
foregoing model it can be concluded that the East Antarctic ice 
cap contains, at any given time, the order of 760,000 individual 
meteorites, in the mass range #3 kg, and comprising ~1.5 x 10° 
fragments. If these numbers are applied to the Yamato Moun- 
tains, and if the velocity near the Yamato barrier (~40 km wide) 
is taken to be 1 myr_, the ice field in front of the mountains 
would have a steady-state population of about 3,000 individual 
meteorites. This does not take into consideration the lateral 
convergence effect described by Nagatn”, which would increase 
this number. Even at that, this estimate is of the order of 
magnitude estimated by Yanai** of <8,000 for this region. 

The mechanism by which unusual concentration fields occur, 
as proposed by Nagata’, has permitted large numbers of 
meteorite fragments to be recovered within relatively small 
areas. On the other hand, the work of Cassidy and colleagues in 
southern Victorialand’’? shows that concentration fields are not 
the only way Antarctic meteorites will be recovered. Several 
meteorites have been encountered that were clearly moving 
along alone. A prime example of this is the Mt Baldr meteorite 
(two main fragments with missing fragments) that was found on 
the surface of a segment of ice cap within a few kilometres of, 
and moving towards, a major ice-fall onto Wright Upper Glacier 
at the head of one of the Dry Valleys; no barrier was present. 
While lateral concentration helps in recovering large numbers of 
specimens, the key factor in Antarctica is the low rate of 
weathering at low temperatures, which preserves most 
of the meteorites that land on the ice cap. This is borne out by the 
terrestrial ages of Antarctic meteorites which are, on the 
average, significantly older than finds from lower latitudes”. 
Because of the general condition cf ablation by wind in 
peripheral regions of the ice cap (an integral part of the Nagata 
steady-state profile model’) meteorites carried within the ice 
have a high probability of being exposed in these regions. This 
means that bare blue ice, free from snow cover in peripheral 
regions, can yield meteorites with or without lateral concen- 
tration. Thus fer, all meteorites found in East Antarctica, 
including the first finds in earlier decades of this century, have 
been recovered from peripheral regions. 

Antarctica, however, cannot be considered a place where 
every meteorite is preserved. Because of the great detail in 
which Japanese fleld teams have studied the Yamato Mountains 
concentration area, data on the distribution of meteorite types 
there are quite good. Note that carbonaceous chondrites are 
under-represented, relative to worldwide recovery ratios, 
by a factor of three”, This indicates that their low mechan- 
ical strength, plus their high porosity causes them to be 
preferentially destroyed by a combination of crushing and wea- 
thering when carried within the ice. 

If this model is applied to the Greenland ice cap (without 
consideration of any coastal barriers) it suggests that ~61,000 
meteorites (1.2 x 10’ fragments) are in steady-state residence, 
Unfortunately, most of the Greenland ice cap is snow covered. 
Meteorological conditions are different from those in Antarctica 
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because of its subpolar position. Only a couple of relatively 
snow-free regions in north-east Greenland seem suitable for 
potential meteorite recoveries. 

I thank Professor Charles Bentley for help in finding some of 
the glaciological literature, Dr W. A. Cassidy and Dr K, Yanai 
for stimulating discussion, also Drs Ian Halliday and David 
Hughes for helpful criticism on the worldwide meteorite influx 
rate problem. Finally, I benefited from discussion with Ms D. 
Eatough. This work was supported by the Chalmers Fund of the 
Field Museum of Natural History and a grant from the NASA. 
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Among the diverse lattice defects occurring in natural 
diamonds, none has engendered so much controversy as the 
‘platelets’, those planar defects which lie on {100} planes of the 
diamond matrix and whose diameters commonly lie in the range 
10-100 nm. For many years, the only evidence for the existence 
of platelets was indirect, residing in the reported anomalous 
‘spike’ diffuse X-ray reflections’, but it was eventually accepted 
that these diffuse reflections could not be due to thermal vibra- 
tions but arose from static lattice disorder’. Guinier’ and Frank* 
independently pointed out that the defects responsible for the 
‘spike’ reflections must be plate-like, lying in {100}. Direct proof 
of the existence of platelets came with the transmission electron 
microscope (TEM) observations of Evans and Phaal‘, and it has 
been shown that the platelet structure is extrinsic, that is, that it 
forces apart the diamond matrix on either side of the platelet®. 
We now report a new and more reliable way of measuring the 
magnitude of matrix displacement produced by platelets. 





§ Present address: School of Physics, University of Melbourne, Parkville 3052, Victoria, 


Australia. 
i To whom correspondence should be addressed. 


Nature Val. 292 6 August 1981 








Moiré techniques are widely used for measuring small dis- 
placements of one periodic object relative to another of similar 
periodicity. If the two periodic objects are crystal plates super- 
posed on each other in nearly parallel orientation and simul- 
taneously diffracting from the same Bragg planes, then relative 
displacement of the two plates can be measured to a small 
fraction of a nanometre, whether electrons or X rays are being 
diffracted”. When studying atomic-scale displacements due to 
lattice defects, interpretation can be straightforward if a defect- 
free comparison crystal (1) is superimposed on the defect- 
containing specimen crystal (2), In the case of dislocations in (2) 
outcropping at the interface between (1) and (2), the number of 
moiré fringes terminating at a dislocation outcrop is g - b, where 
gis the reciprocal lattice vector of the active Bragg reflection and 
b is the Burgers vector of the dislocation®’. Furthermore, if 
crystal (2) contains a planar defect such asa stacking fault which 
involves a relative translation, f, between crystal matrices on 
either side of the defect, and the defect outcrops at the interface 
between (1) and (2), then the moiré fringe pattern will appear 
faulted at the defect outcrop, the fringe displacement at the 
outcrop being g f fringe periods. 

In our TEM studies of platelet defects in diamonds we pre- 
pared thin specimens parallel to (110). We then viewed platelets 
parallel to (001) edge-on and those parallel to (100) and (010) 
obliquely, when the electron beam is normal to the specimen 
surface (Fig. 5 of ref. 10 explains this geometry). The specimens 
are produced by sawing, mechanically polishing and ion-beam 
thinning. In one such specimen, cracking had occurred on the 
cleavage planes (111) and (111) normal to the specimen plate, 
and on one of the cleavage planes inclined at 35.25° to its 
surface. Following cracking, small overthrusts had taken place, 
producing narrow strips of overlap in which the specimen 
laminae above and below were slightly rotated with respect to 
each other. The moiré patterns appearing in the overlap regions 
were usually complicated due to warping of the overlapping 
laminae and the mutual proximity of the platelets. However, one 
strip of overlap in which the moiré pattern can be straightfor- 
wardly interpreted is shown in Figs 1 and 2. This region was first 
observed in the high-resolution JEOL 200CX microscope at 
Oxford, operating at 200 kV. The set of two-beam diffraction 
contrast patterns reproduced here were photographed in Bristol 
with a Philips 400 microscope operating at 120 kV. (The cor- 
responding electron diffraction patterns were also recorded.) 
The important reflections 004 and 220 were photographed by 
dark-field (DF) as well as by bright-field (BF) technique. In the 
area shown, each lamina is ~33 nm thick. The vertically orien- 
ted boundaries of the overlap strip are the cleavage planes (111). 
The boundary sloping up towards the right at the top of Figs 1 
and 2 is parallel to (111). Except where the platelet strain fields 
influence the pattern, the moiré fringes are almost parallel and 
equispaced, and they lie parallel to the g vector of the Bragg 
reflection active. The basic pattern is thus a pure rotation moiré, 
the rotation measured from it being ~7 mrad. 

The field in the Figs 1 and 2 contains nine platelets, four of 
which lie parallel to (001) and are seen edge-on giving sharp 
traces rotated 35° clockwise from the horizontal. The platelets in 
this specimen (as in many other specimens) are elongated along 
one of the (110) directions in the platelet plane; they tend to be 
lath-like, with their long pair of edges lying straight and parallel 
to the (110) direction of elongation. In a field of ~1 jm? 
surrounding the region exhibited here, roughly half of the ~20 
platelets lying on (100) and (010) appear to outcrop on both top 
and bottom surfaces of the lamina containing them. This shows 
that their lengths parallel to the lath axis exceed 66 nm, twice the 
lamina thickness, as these lath axes make 60° with [110], the 
normal to the specimen lamina. Consequently, there is a good 
chance that platelets on (001) having their long axis parallel to 
[110] are seen with their two [110]-direction edges running 
straight from top to bottom of the lamina, when the direction of 
view of the specimen is close to [110]. The images of their edges 
look exactly like the images of pure edge dislocations viewed 
parallel to the dislocation line (as indeed they should). A platelet 
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image with such properties is exhibited by one of the two (001) 
platelets partly covered by the overlap—the platelet in the 
centre of the field. It can be distinctly recognized both within the 
overlap region (by virtue of the clear-cut displacement of the 
moiré fringes) and in the single lamina region to the right of the 
overlap: it is best seen in Fig. 1b. (The lamina on the right thus 
corresponds to the defect-containing crystal (2), whereas that on 
the left is the comparison crystal (1).) 

The lower platelet in the overlap region does not give a clearly 
defined displacement to the moiré fringes, the confusion in its 
fringe pattern being especially noticeable in the higher order 
reflection 004. We conclude that this platelet either does not 
outcrop at all at the interface between (1) and (2), or that the 
outcrop length is small relative to the platelet diameter. The 
perturbation to the fringe pattern arises because electrons pass 
through crystal that is locally tilted due to the dislocation-type 
strain field at the platelet periphery. i 

The conditions to be satisfied so that lattice displacement can 
be precisely derived from the moiré fringe displacement at the 
image of the planar defect are that both the crystal thickness and 
the crystal orientation are the same on either side of the plane of 
the defect. The former condition certainly holds in the present 








Fig. 1 Bright field and dark field electron micrographs of a 
platelet-containing Type Ia diamond in which moiré fringes appear 
where cleavage and overthrust have led to superposition of crystal 
laminae. The field width is 0.3 xm, the width of overlap 66 nm. The 
trace of (111) is vertical, The micrograph print orientation 
reproduces a view of the image as seen on the fluorescent screen of 
the microscope; the specimen axis [110] points towards the obser- 
ver, the electron beam direction is [110]. Arrowheads indicate the 
direction of the active g vectors. a, 004 reflection, BF; 6, 004 
reflection, DF; c, 220 reflection, BF; d, 220 reflection, DF. 








Fig. 2 Same field as in Fig. 1. Bright ñeld images of: a, iit 
reflection, h, 111 reflection. 


experiments. The latter condition applies when the platelet 
outcrop at the interface between crystals (1) and (2) is 
sufficiently extended, and is satisfied im the case of the upper 
platelet. In the 004 BF (Fig, la) and DF (Fig. 1b) images, a 
circuit enclosing the left-hand edge of the upper platelet shows 
the number of extra fringes to be slightly less than 1%: our Lest 
estimate lies between 1.40 and 1.45. Figure 3 shows the way the 
fringes can be counted. For example, one may take a circuit up 
the right-hand margin of the overlap from fringes 3’ to 1, then 
down along fringe 1'~1 to the left-hand margin where one 
proceeds to fringe 3, and then finally up along fringe 3 to the 
discontinuity at the platelet. The whole extra fringe is designated 
X; the fraction in excess of unity is assessed from the relative 
spacings at the platelet between fringes 2 and 3’, and 3' and 3. 
The 220 BF (Fig. 1c) and DF (Fig. 1d) fringe patterns show no 
detectable fringe faulting due to the platelets. 

Although our moiré experiments have only included Bragg 
reflections from planes containing [110]. and are thus insensitive 
to translations parallel to [110], it is reasonable to take Fig. ic 
and d as direct evidence confirming that the matrix displace- 
ments produced by the platelet structure are perpendicular to 
the platelet plane. Taking g-f for the 004 reflection to be 
bracketed between the values 1.40 anc 1.45, and f parallel to 
[001], gives a bracket for the magnitude of f between 0.35 ayand 
0.362 ao, ao being the face-centred cubic lattice parameter of 
diamond, 0.357 nm. 

Although Fig. 2a and b do not provide very accurate values of 
the displacement, their fringe shifts are quite consistent with the 
displacement value obtained from Fig. La and &, Note in Fig. 1a 
and b that the fringes are deviated as they approach the middie 
regions of the platelet. This is predictable from the strain field of 
the two parallel edge dislocations which are coincident with the 
platelet edges, and whose Burgers vector equals the platelet 
displacement. The calculated change in orientation of fringes 2 
and 3 relative to the average fringe direction in the overlap 
region is ~7.5°, Measurement, which can only be approximate, 
gives between 8° and 9°, in as good agreement as can be 
expected. The lower part of Fig. 2a shows a second fringe 
system. The orientation and spacing of these fringes, together 
with the diffraction pattern photographs, identify them as due to 
the 224 reflection. The strong excitation of the 224 reflection in 
this region is probably a consequence of specimen bending due 
to local contamination. In most of the micrographs one can see 
fine fringes parallel to the vertical boundaries of the overlap 
region. These arise partly from defocus, partly from refraction at 
the cleavage edge and partly from a contamination layer. 

What is the nature of platelets? They are known to occur in 
association with nitrogen impurity in the commonest natural 





na 


520 














Fig. 3 Diagrammatic representation of the central part of Figs 1 

and 2 showing the moiré fringe configuration as seen in Fig. 1a or b, 

and the numbering of fringes adopted for measuring the fringe 
displacement at the platelet. 


diamonds (designated Type 1a). In these diamonds nitrogen is 
present in several non-paramagnetic aggregations, each of 
which has characteristic optical absorption spectra (see ref. 11 
for details on optical properties and impurities in diamond). 
Platelets are absent in the common synthetic and the very rare 
natural Type 1b diamond in which nitrogen occurs in the singly 
substituted atomic state. Platelets are also absent in Type II 
diamonds, which are sufficiently pure to be free of nitrogen- 
dependent optical absorptions. The simplest interpretation of 
evidence from X-ray diffraction ‘spikes’ is that the lattice dis- 
placement due to platelets is close to 1/3 ao normal to the 
platelet plane. However, considerable complications attend the 
performance and interpretation of the X-ray experiments’. A 
platelet structure has been proposed’? in which pairs of nitrogen 
atoms replace single carbon atoms of one of the sub-lattices of 
the diamond structure and form a single sheet of di-nitrogens 
parallel to a cube plane, the N-N bonds being perpendicular to 
the sheet. This model displaces the diamond matrix by about 1/3 
ay perpendicular to the platelet plane, in accord with the X-ray 
evidence. Although non-nitrogen-containing platelet structures 
have been proposed'*’’, a platelet structure is now favoured in 
which nitrogen is at least an important constituent''’. There is 
scope for platelet-structure mcdel-making, and it is important to 
have a strictly accurate value for the lattice displacement 
produced by the platelet structure. As more moiré data become 
available, it should be possible to narrow the uncertainty in 
displacement magnitude. As it stands, the present experiment 
provides the best and most direct measurement obtained to 
date. 

We thank Professor Sir Charles Frank, FRS, and Professor Sir 
Peter Hirsch, FRS, for their interest in this work. Financial 
support from the UK SRC and from De Beers Industrial 
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Spectacular reductions in turbulent friction can be obtained by 
adding small amounts of either long-chain polymers™?, or 
macroscopic fibres™” to a fluid. The polymer effect has been the 
more studied of the two. But one of the continuing puzzles is that 
measurements of the turbulent energy spectrum show no evi- 
dence of a direct eddy-polymer interaction, despite the fact that 
the influence of the polymers on the turbulence is so profound. 
Although some increase in energy may be observed at small 
wavenumbers (attributable to a decrease in the dissipation rate), 
inertial and dissipation range spectra in polymer solutions are 
unchanged from the newtonian result. In contrast with this 
situation, we have recently found very marked changes in energy 
spectra measured in fibre suspensions. 

Although there are many similarities between the effects of 
the two kinds of additive, they are thought to involve different 
mechanisms. For example, use of polymers and fibres together 
can produce much larger reductions in drag than would be the 
case with either additive on its own’. We have previously 
reported measurements using laser-Doppler anemometry 
(LDA) which indicate that the turbulent structure in drag- 
reducing fibre suspensions is not the same as that in polymer 
solutions® (and both, of course, differ from newtonian fluids). 
Furthermore, as the fibres were degraded by repeated passage 
through the apparatus, we observed an apparent transition from 
‘fibre-like’ to ‘polymer-like’ drag reduction, as measured by 
mean and r.m.s. velocity distributions across the pipe“. These 
remarks apply only to typical drag-reducing concentrations. At 
higher polymer concentrations, one finds changes in the spec- 
trum at large wavenumbers’. But these seem to be due to the 
onset of continuum viscoelasticity and are not per se an aspect of 
drag reduction). 

The fibres used in our experiments were chrysotile asbestos, 
dispersed in a 0.5% aqueous solution of Aerosol OT, at a 
nominal concentration of 300 p.p.m. by weight. The experi- 
mental details are given elsewhere®’ and the LDA and signal- 
processing arrangements were as described in ref. 8. The one- 
dimensional spectrum E(k), where k is the wavenumber, and 


w= ( E(k) dk 
is] 


was put in dimensionless form using the relationship 
E(k) 
2a? 


where i? is the mean-square fluctuating velocity and R is the 
pipe radius. The wavenumber was made dimensionless by 
multiplying by R. 

The LDA relies on the scattering of laser light from small 
particles in the flow. Before discussing our results for energy 
spectra, we should consider the effect of light scattered from the 
suspended asbestos fibres (on the LDA signal). Our normal 
practice (for example, when working with polymer solutions) is 
to add scattering particles by seeding the flow with milk at a 
concentration of 100 w.p.p.m. The average size of the particles 
of fat in milk is ~0.3 um and this is small enough to follow the 
highest frequency turbulent fluctuations. Chrysotile asbestos 
occurs naturally in the form of macro fibres which are made up 
from basic fibrils with a mean diameter of ~40 nm (refs 9, 10). 
These macro fibres readily break down and in the specially 
prepared suspensions used here, the basic fibrils are preserved 
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Fig. 1 One-dimensional turbulent energy spectra in a 300 p.p.m., 

asbestos fibre Suspension at various levels of drag reduction, for 

Re =1.4x 10°: all spectra were measured at the centreline of the 

pipe. ———- Run 1, DR = 69%; —-— run 2, DR = 76%; —~-— 

run 3, DR = 56%; — ~ ~- — run 4, DR = 55%; -~ ~- — results for 
water. 


with a very high aspect ratio”. It is difficult to measure the length 
of such fibrils directly but, although there is some disagreement 
between statistical methods, it is clear that the mean length-to- 
diameter ratio of individual fibrils in an undegraded suspension 
is in the range 10°-10*. Thus a contribution to the scattered light 
from individual fibrils might bias the LDA signal towards the 
lower turbulent frequencies. To assess this possibility, extensive 
_ tests were carried using various concentrations of milk, the 
surfactant and the asbestos fibres. In particular, we studied 
oscillographs of the ‘burst’ signals and spectra of the Doppler 
photocurrent. Details may be found in ref. 7 but we should 
mention two important conclusions here. First the Aerosol OT 
(presumably due to the naturally occurring micelles) was a 
satisfactory seeding material and milk was not needed. Second, 





Table 1 Values of the eddy-fibre interaction length scale im as 
estimated from one-dimensional! energy spectra 





Re DR(%) ` lm (mm) la/D* x10 
9.0x10° 44 0.89 2.3 
1.4x 104 69 2.1 5.3 

58 1.4 3.5 
46 0.9 2.3 
38 0.84 2.1 
1.4x10* 76 2.4 6.0 
56 1.4 3.5 
55 1.2 3.0 
3.2x 10° 71 1.6 4.0 
62 1.2 3.0 
58 0.95 24 
5.3x 104 54 1.3 3.25 
52 1.2 3.0 
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the fibrils did not contribute to the a.c. part of the LDA signal 
(that is, the part that gives the fluid velocity) but only to the d.c. 
or pedestal level (which determines the signal-to-noise ratio). 
From these tests we chose a nominal fibre concentration of 
300 w.p.p.m. as giving large drag reductions with satisfactory 
signal-to-noise ratio for the LDA. 

Some results for measurements at the pipe centreline are 
shown in Fig. 1, for several values of drag reduction (DR) and at 
one Reynolds number, Re = 1.4.x 10*. Ineach case, an experi- 
mental ‘run’ consisted of one pass of the whole amount of 
working fluid through the apparatus at a fixed Reynolds number. 
Further ‘runs’ were further passes of the same fluid at the same 
Reynolds number. The Reynolds number was calculated from 
the pipe diameter, the bulk mean valorii: and the kinematic 
viscosity of water. 

Figure 1 shows that spectra measured in the fibre suspension 
have a curious ‘kinked’ appearance; being reduced below the 
newtonian spectrum level at an ‘intermediate range of 
wavenumbers (roughly corresponding to the inertial range). The 
position and extent of the ‘reduced level’ region was found to 
depend on the amount of drag reduction. This suggested that we 
were observing an interaction between the turbulent eddies in a 
particular wavenumber (or eddy-size) range and the suspended 
fibrils. 

To test this idea the ‘reduced level’ region was characterized 
by an interaction wavenumber k,, which was calculated by 
noting the two wavenumbers marking the beginning and end of 
this region, and taking the arithmetic mean. Hence we obtained 
a mean interaction length scale Im = k;'. Values of /,, are given 
in Table 1 for various levels of drag reduction (DR) and at four 
different Reynolds numbers. These values range from /,,= 
0.84 mm (corresponding to DR = 38%) to /,,= 2.4mm (cor- 
responding to DR= 76%). Clearly we should consider what 
relationship (if any) exists between: (1) /,, and some length scale 
associated with the individual fibrils; and (2) the amount of drag 
reduction and [,,. | 

In considering the first point, note that l» is a dynamic 
measurement of the length scale associated with fibrils actually 
interacting with the turbulent eddies. Thus there must be 
imponderable factors in a comparison with the length of fibrils 
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Fig. 2 Variation of percentage drag reduction (DR) with inter- 

action length scale (im) in a 300 p. pm. asbestos fibre suspension. 
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either in a static suspension or (worse) evaporated out from such 
a suspension. Furthermore, there are considerable uncertainies 
in performing such measurements. Also the idea that the eddy 
interaction is with a mesh of entangled fibrils'' introduces the 
possibility of a length scale which is larger than any individual 
fibril. 

Nevertheless, we may expect lm to be related to the largest 
fibril lengths present in any appreciable fraction and measure- 
ments of length distribution in a similar suspension suggest a 
mean value of 1.4mm for the longest fibrils’. Thus we can 
reasonably claim that /,, is the correct order of magnitude for 
there to be a physical relationship to individual fibril length. 

The second point was investigated by plotting values of drag 
reduction against the corresponding values of lm. As can be seen 
from Fig. 2, the data points cluster quite well about a straight 
line. The variation with Reynolds number was not statistically 
significant and the single straight line was fitted using the 
least-squares method. The resulting relationship was found to 
be: 


DR x 100% = {0.70 logio(/n/D) ~ 2.60} x 100% 


Finally, we previously remarked® that the qualitative changes of 
turbulent structure in undegraded fibre suspensions agreed with 
a previous theoretical prediction’. Note that the present results 
for spectra apparently support that theoretical picture. We seem 
to be observing a form of resonance phenomenon where the 
fibres are strongly excited by those turbulent eddies with spatial 
frequency roughly equal to the inverse of the fibril length. Thus, 
for once, a simple mechanistic model may well be relevant to the 
underlying physics of this intriguing effect. 

We thank Turner Brothers Asbestos Co. Ltd for drag-reduc- 
ing chrysotile asbestos suspensions. 


Received 8 February; accepted 10 June 1981. 


. Virk, P. $. A.L Ch. E. J. 24, 625 (1975), 

. Hoyt, J. W. Proc, 2nd int. Conf, on Drag Reduction Paper Al, Cambridge (BHRA, 1977). 

. Ellis, H. D, Nature 226, 352 (1970). 

. Hoyt, J. W. Naval Undersea Center Rep. TP 299, San Diego (1972). 

. Lee, W. K., Vaseleski, R. C. & Metzner, A. B. A.I. Ch. E. J. 20, 128 (1974). 

» McComb, W. D. & Chan, K. T. J. Nature 280, 45 (1979), 

Chan, K. T. J. thesis, Edinburgh Univ, (1980). 

. McComb, W. D., Allan, J, & Greated, C. A. Phys. Fluids 20, 873 (1977). 

. Atkinson, A. W., Gettins, R. B. & Rickards, A. L. Nature 226, 937 (1970). 

Thew, M. T, & Anaad, J, S. Proc. Ist int. Conf. on Drag Reduction Paper D2, Cambridge 
(BHRA, 1974). 

11. Moyis, A. L. & Sabersky, R. H. Inr. J. Heat Mass Transfer 21, 7 (1978). 

12. McComb, W. D. Nature phys. Sci. 241, 117 (1973). 


DO a Rw 





"Ph in surface air at Enewetak 
and the Asian dust flux to the Pacific 
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As part of the SEAREX programme, an air filter system and a 
precipitation collector were deployed at Enewetak (11°20' N, 
162°20' E). A description of the air filter system and initial 
results on the chemical composition of the collected aerosols' 
and on the organic components’ have been reported elsewhere. 
As part of the same programme we have measured *°Pb (and 
71° 9) in air filter and integrated monthly precipitation samples 
collected during 1979 to estimate the *°Pb flux 
(0.15+0.02 d.p.m. cm” yr) and the Asian dust flux 
(38+ 20 pg cm yr’) at this location in the Pacific. 

?1°Pb (22-yr half life) is a radioactive nuclide produced in the 
air by decay of gaseous ***Rn (3.8-day half life) emanating from 
continental soils. As *'°Pb is produced, it is scavenged by 
precipitation and its mean life with respect to removal from the 
atmosphere is ~5 days (see ref. 3 for a summary). If the primary 
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Fig. 1 7'°Pb concentrations (@) in air filter samples taken at 
Enewetak between April and August 1979. The Al data (©) from 
ref, 1 are also plotted, 


source of *!°Pb in the aerosol is decay of atmospheric radon, 
then this short residence time precludes the presence of much 
210Po (138-day half life), the granddaughter of ?!°Pb (the 
daughter being *’°Bi with a 5-day half life). Thus the 7!°Po/?!°Pb 
activity ratio in aerosols provides a way of determining the 
contribution of these nuclides from other sources with 
10g /?!°Pbh activity ratios 21, such as continental dust and 
ocean surface and volcanic emanations. We have used 7°Pb 
measurements to estimate the flux of other air-borne materials 
from the continents. Because its source is the Earth’s surface 
rather than the stratosphere, as is the case for many cosmogenic 
and bomb-produced radionuclides, we believe that *'°Pb is a 
better analogue of components injected into the troposphere. 

The air filter samples were taken serially; some were used for 
the chemical assay’ and some for radiochemical analyses. The 
filters were dissolved for radiochemical analysis and 7!°Po and 
210Ph determined using procedures described previously*, Our 
results are given in Table 1 and the 7'°Pb data are plotted in Fig. 
1. The monthly precipitation samples were collected as 
described by Benninger et al. (manuscript jn preparation). Only 
the first seven samples of a year’s collection were returned to the 
laboratory. The measurements (see Table 2) were made when 
?10Po was virtually in equilibrium with *“°Pb. In all the air 
samples, the **°Po/?'°Pb activity ratios are statistically indis- 
tinguishable from 0. Thus the *’°Pb in the aerosols is derived 
from atmospheric 7**Rn decay. 

Although 7'°Pb is derived from atmospheric radon, there is a 
strong correlation between the aluminium concentration 
(representing the soil aerosol) and the 7!“Pb concentration (Fig. 
1). This relationship is also observed, to some extent, for the 
lipid fraction of the organic component of the air’, implying that 
the aerosol sampled is a mixture of two parts—one derived from 
air rich in continental mineral and plant materials and high in 
IRn, and the other from air containing less of these 
components, Duce et al.’ have identified the former as dust from 
the Gobi Desert carried eastwards by high-level winds and 
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Table 1 7!°Pb and ?!°Po in air filter samples from Enewetak, April- 


August 1979 
210p 210p0/710Pph 
Date of sampling (d.p.m. 10°07 activity ratio 
18 April 3,82+0,52 — 
26 April 3.03 +0.25 —0.02 +0.08 
3 May 2.61+0.19 . —0.02+0.03 
10 May 3.05 +0.25 —0.02 +0.03 
15 May 1.99 +0.18 .—0.08 +0.03 
20 June 1.490.053 0.1440.11 
8 July 2.00 0.08 0.02 +0.28 
16 July 0.786 + 0.035. —0.26+0.04 
26 July 0.778 + 0.019 0.17 +0.07 
4 August 1.01 £0.04 0.05 +0.07 
Tower blanks (filter carried up thè sampling tower in exposed condi- 
tlons) 
10 May 0.106 + 0.027 —0,09+0.10 
26 July 0.045 + 0.008 —0.05 +0.18 





Sampling date represents the date corresponding to the midpoint of 
the collection period. Errors are 1o counting errors for all values given. 


injected below the trade wind inversion east of Enewetak. The 
source of the air with low concentrations of all components must 
be the cast, because’of the predominantly easterly circulation. 

Comparison of our Enewetak air filter results with obser- 
vations made at Hawail in 1971° shows considerably higher 
- values of 7!°Pb at Hawaii. Between 15 May and 20 June 1979 at 
Enewetak, the concentration of 7°Pb was 1.5- 
2d.p.m. 10° m°. Between 30 May and 22 June 1971 at 
Hawaii, the values below the trade wind inversion were 3.4— 
19.4 d.p.m. 107? m7? with a mean of 9.3, and above were 25.6— 
93.4 d.p.m. 10° m™ with a mean of 46. Therefore the mean 
210P) concentration in surface alr at Hawail is about five times 
greater than at Enewetak. i 

The use of ™°Pb to determine fluxes of continentálly derived 
material requires an independent measure of the *'°Pb flux at 
the site. Direct measurements are not yet available for Hawaii 
but we have made a global model for the 7°Pb flux which can be 
used to estimate the flux around Hawaii’. This value is 
~1d.p.m. Pb cm yr™". The 7!°Pb flux at Enewetak has been 
measured using the monthly precipitation collections made 
during the year when the aerosol samples were taken. Although 
several precipitation samples were lost in transit we believe we 
can still reasonably estimate the flux from the recovered 
samples. Table 2a shows that although the monthly fluxes show 
variations, these are small and independent of season. The 
average of all the monthly fluxes yields an estimate of the annual 
10D flux of 0.15 (+0.02) d.p.m. 7/°Pb cm~ yr™'—a factor of 
seven lower than the Hawaii model flux estimate. 

The apparent relationship between the mean concentration of 
210P in the air over a month’s sampling and the monthly 





— #°pp (p.m. 107? m™) 
Fig. 2 Al versus 7!°Pp in alr filter samples from Enewetak 1979, 


precipitation flux of 7!°Pb is shown in Table 25. The relationship + 
can be used to estimate the mean annual concentration of 7°Pb 
(C) in the air based on the average 7!°Pb flux (P). (The regres- 
sion equation is C[d.p.m. "Pb 10° m™°]=4.7-21.4x 
Fld.p.m. 7°Pbcm™*yr*].) A mean 7°Pb flux of 
0.15 d.p.m. cm~? y corresponds to a mean air concentration 
of 1.5 d.p.m. 107° m™ l 

It is evident from Table 2b that the ratio of °Pb flux to alr 
concentration, which has the dimensions of a velocity (=‘total 
deposition velocity’), varies as a function of season. The dry 
season is characterized by a velocity of 1 cms” and the wet 
season by 4cms™'. The total deposition velocity at Hawaii 
between 30 May and 22 June 1971 is ~3 cms’. These values 
are comparable with that of ~4 cm s™ for the region around 
Bermuda (L. K. Benninger etal., in preparation) determined for 
the same time of year. All these gceanic sites have higher 
values than continental sites (ref. 3 and L. K. Benninger 
et al., in preparation). The air above the trade wind inversion is 
the source of most of the 7’°Pb flux at subtropical oceanic sites 
because this air has trajected far over continents. When the 
aerosols above the trade wind inversion are supplied to the 
inversion, they are efficiently scavenged by precipitation result- 
ing in lower *°Pb concentrations below the trade wind 
Inversion than above (see ref. 5). This causes the total deposition 
velocity, measured at sea level, to be higher than that measured 
above the trade wind inversion. Strong mixing over continents 
tends to homogenize the lower air ? concentration, thus 
ylelding a lower total deposition velocity. We believe that the 
high deposition velocity given by the 7"°Pb data at the ocean 
surface should be used to obtain fluxes of material derived from 


Table 2 a, 7!°pp in rain at Enewetak (Apri November 1979) and b, relationship between ?!°Pp in air and 7!°Pp precipitation flux 


; Amount of 
a Collection period (1979) rain (kg) 
23 April-20 May 0.138 
20 May-17 June 1.045 
18 June-18 July 0.762 
19 July-20 August 3.795 
21 August-26 September 1.301 
26 September-19 October 2.491 
19 October-28 November 2.378 
b . 
No. of air 
Season measurements 
April 18-May 15 Dry 5 
June 20-July 16 | Wet 3 
July 26-August 4 Wet 2 


210p 210P flux 
(d.p.m. kg) (d.p.m. cm? yr~") 
8.72+0.41 0.089 
2.11 +0.08 0.157 
3.43+0.11 0.173 
0.68 +0.03 0.160 
1,20 + 0.06 0.086 
1.2140.04 0.261 
1.050.053 0.124 
Mean (7°Pp] 10bb precipitation Total deposition 
in atr velocity 
(d.p.m. per10°m® (d.p.m. em™ yr’) (ams) 
2.9 0.089 1.0 
1.4 0.173 4.1 
0.89 0.160 4.1 





For the rain samples **°Pb was calculated from 7*°Po measured 13-22 months after collection, assuming no initial °!°Po and *^'2B] activity = 7?°Pp 


activity. Area of collector for *!°Pp flux = 183.4 cm?, 





524 


Nature Vol. 292 6 August 1981 





continents on the premise that the same processes apply to all 
components derived from the continental surface. 

By combining the measured *'°Pb flux and the aerosol 7!°Pb 
and Al concentrations, we can directly estimate the flux of 
air-borne dust at Enewetak. Comparing the Al and *'°Pb curves 
of Fig. 1 shows that the trends are coherent and that a cor- 
relation between the two variables exists. As the filter samples 
analysed for *"°Pb and Al were taken serially, it is possible, by 
interpolation, to estimate the Al concentration corresponding to 
each of our Pb measurements using Fig. 1. The resultant plot 
is shown in Fig. 2. A linear regression of Al against ?'’Pb yields a 
slope of 38 pg Al per d.p.m. “Pb with a y intercept of ~32 wg 
Al and a correlation coefficient of 0.91. We believe this 
represents a mixing curve between high °**Rn (and therefore 
?}°Db), high Al air and low Rn, low Al air. The 7*Rn/Al ratio 
of eath of the end members is obviously different as the regres- 
sion line of Fig. 2 does not go through the origin. 

Using the relationship shown in Fig. 2, we can determine the 


Fo, and the mean *’’Pb concentration in the air, (*'°Pb], as 
follows: 
Fa, a (s of 


where S is the slope (38 pg Al per d.p.m. Pb) and y the y 
intercept in units of pg Al 107? m7? (= ~32). 

Assuming that the mean concentration of 7'’Pb in Enewetak 
air is ~1.5 d.p.m. 107° m™° during wet and dry seasons as dis- 
cussed above, the Al flux at Enewetak is 2.5 ug Alem”? yr™. An 
aluminium concentration of the dust component of 6.5% as used 
by Duce et al.' corresponds to 38 ug dust cm” yr~' for Ene- 
wetak. The uncertainties in all the components of the calculation 
are significant. We estimate therefore that the (10) uncertainty 
could be as much as +20 ug dust em™ yr7!. 

Duce et al.' estimate the annual flux of dust to the region 
around Enewetak by multiplying the measured monthly flux for 
late April and May (4 pg cm”? per month) by 3-4 on the basis of 
dust frequency information. This yields a flux of ~12- 
16 ug cm”? yr’, a factor of 2-3 lower than our estimate. 

A calculation of wind-blown detrital flux for the latitude of 
Hawaii can be made in a similar fashion to that for Enewetak. If 
we use the model *'°Pb flux for Hawaii, and assume that the 
same air mass end members as at Enewetak are involved, a mean 
219bb atmospheric concentration of 9.3 d.p.m. 107° m™ yields a 
flux of 35 ygAlcm™’yr7', equivalent to a dust flux of 
530 pg cm? yr”! (assuming 6.5% Al). This is about 14 times 
higher than that predicted for the latitude of Enewetak and 
shows the dominant influence, at the latitude of Hawaii, of the 
westerlies carrying radon and dust from Asia*Both Enewetak 
and Hawaii are far enough from the land sources that the dust 
will be dominated by the small sizes and therefore subject to 
removal by the same processes as those for indigenously 
produced ?'°Pb. Based on our calculated dust fluxes, the sedi- 
ment accumulation rates should be higher at the latitude of 
Hawaii and northwards than at the latitude of Enewetak. This 
does not seem to be the general case although there are few data 
for this region®’, implying that either our assumptions about the 
broad applicability of the relationship of Fig. 2 are invalid or 
there has been redistribution of sediments after deposition from 
the atmosphere but before final accumulation. The evidence for 
a strong atmospheric flux from the Gobi Desert supports the 
latter alternative. A more detailed analysis of sediment accu- 
mulation rates in the North Pacific is needed. 

This research was supported by the NSF grant OCE 77-12847 
as part of the SEAREX programme. The logistic assistance of 
the Mid-Pacific Marine Laboratory at Enewetak is gratefully 
acknowledged. 
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The polychlorinated dibenzofurans (PCDFs) are tricyclic 
aromatic compounds, which in chemical and toxicological 
respects are very similar to polychlorinated dioxins (PCDDs). 
The 2,3,7,8-tetra-, 1,2,3,7,8- and 2,3,4,7,8-penta-CDFs are 
extremely hazardous 


ci ê 


PCDDs PCDFs 


compounds, they can be compared with the extremely toxic 
2,3,7,8-tetra-CDD (ref. 1). PCDFs have been identified in 
PCBs at levels of 1-10 p.p.m., the major peaks being 2,3,7,8- 
tetra- and 2,3,4,7,8-penta-CDF (refs 2-4). A large number of 
PCDFs and PCDDs occur as contaminants in chlorophenols*’, 
and they have also been recognized and identified in fly ash and 
other incineration products at the p.p.b.-p.p.m. level®"'. In 
1968, 1,200 people in Japan were poisoned (Yusho disease) by a 
cooking oil contaminated by PCB’? and more than 50 PCDF 
isomers'’. Liver samples from exposed patients were found to 
contain a highly reduced number of PCDFs, apparently many 
isomers were excreted or metabolized’*. We report here the 
identification of a series of PCDF isomers in environmental 
samples. 

Fat from the snapping turtle (Chelyda serpentina) obtained 
from the Hudson River (USA) and grey seal (Halichoerus 
grupus) from the Gulf of Bothnia (Haparanda, Sweden) were 
processed for PCDF analyses in two series of sequential 
chromatographic processes'*. The turtle fat contained 
750 p.p.m. of PCBs and the seal fat PCB concentration was 
~100 p.p.m. 

Fat tissue (50-100 g) ground with sodium phosphate was 
applied to the first chromatographic system which contains a 
segment of potassium silicate and a segment of silica gel directly 
followed by a column containing carbon dispersed on glass 
fibres. The carbon adsorbs most multi-ring aromatic compounds 
and the major portion of biological co-extractives are not 
retained. The PCDFs, PCDDs and similar chemicals are then 
removed from the carbon by reverse elution with toluene. The 
toluene is removed and the sample is redissolved in hexane and 
applied to two columns in tandem. The first column contains 
both sulphuric acid dispersed on silica gel and caesium silicate. 
The eluate from this column passes directly into the second 
column that contains alumina. 
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_ Fig. 1 NCI Mass frag- 
mentograms (m/e 306, 
340, 374, 408 and 442) of 
a, Hudson turtle and 4, o4 
Baltic seal sample show- 
ing elution of tetr-, 
~ penta-, hexa-, hepta- and 
octa-CDFs; 50m OV-17 3 


= capillary column. a 


identifications 

ace sake 1; X denotes 

- components other than 
PCDFs. 





The purified extracts were directly used for GC-MS analysis. 
Aliquots (2 pl) corresponding to 0.1 and 0.8g of fat of the 
snapping turtle and grey seal, respectively, were injected into 
50-m glass capillary columns (OV-17 and Silar 10c) leading 
directly into'the ion source of a mass spectrometer operating in 
the negative chemical ionization (NCI) mode using methane as 
reactant gas. PCDFs exhibit intense negative molecular ions 
(M_). Some fragmentation occurs through addition of H and loss 
of Cl with formation of (M-34) ions. 

Mass specific detection (mass fragmentography) was used to 
detect PCDFs in these samples by selective monitoring of 
(M+ 2)” ions at m/e 306 (tetra-), 340 (penta-) and so on. More 
highly chlorinated PCDFs give response at the m/e values for 
the less highly chlorinated species due to the (M — 34) frag- 
mentation. Quantification was based on peak height measure- 
ments and comparison with known quantities of authentic 
standards (2,3,7,8-tetra- and octa-CDF). Minimum detec- 
tability was 0.2 pg and 0.5 pg for 2,3,7,8-tetra- and octa-CDF, 
respectively. The same response for all isomers of a particular 
PCDF was assumed, because quantitative standards are not 
available. Responses for penta-, hexa- and hepta-CDFs were 
interpolated from the responses of tetra- and octa-CDF. 

Complete NCI mass spectra (m/e 80-500, 1.48 per scan) 
were recorded for the major peaks. Identification of a PCDF was 
based on the proper M ions and intensities of the ion clusters 
due to the C1 isotopes. Isomer identifications were based on the 
retention times on both OV-17 and Silar 10 c capillary columns 
and comparison with retention times of authentic standards. 

In spite of differences in the geographical and biological 
origin, the samples show good correspondance. Figure 1a shows 
the mass fragmentograms of the turtle fat. Using the require- 
ments discussed above, 18 different PCDF isomers could be 
identified (see Table 1). The total amount of PCDFs was esti- 
mated as 3 p.p.b. (Table 2). Of the individual PCDF isomers, the 
amount of 2,3,7,8-tetra~-CDF was 45 p.p.t. and that of 2,3,4,7,8- 
penta-CDF was 620 p.p.t. 

Figure 15 shows the mass fragmentogram of the seal fat, and 
the isomers identified are given in Table 1. These levels were 
much lower than in the turtle fat, the total amount being 
40 p.p.t. The amount of 2,3,7,8-tetra-CDF was 1 p.p.t. and that 
of 2,3,4,7,8-penta-CDF was 15 p.p.t. 

In the two samples the major PCDFs were 2,3,7,8-tetra-, 
1,2,4,7,8- and 2,3,4,7,8-penta-, 1,2,4,6,7,8-, 1,2,3,4,7,8-, 
1,2,3,6,7,8- and 2,3,4,6,7,8-hexa-, 1,2,3,4,6,7,8- and 


60 
Tamperature (C) 


1,2,3,4,6,8,9-hepta- and octa-CDF (see Fig. 1, Table 2). These 
isomers were also found to be the major PCDFs in commercial 
PCBs such as Aroclor 1254 and 1260 (ref. 4). However, in these 
commercial products some additional PCDFs were present; in 
the environmental samples these isomers (1,2,3,4,8- and 
2,3,4,6,7-penta- and 1,2,3,4,6,7-hexa-CDF) were absent or 
present at much reduced levels. No such isomers were found in 
the study of the post-exposure tissue samples of Yusho patients, 
excretion or metabolism of these isomers was suggested’*. 

The major PCDFs in commercial pentachlorophenols are 
1,2,4,6,8-penta- and 1,2,4,6,8,9-hexa-CDF (refs 5-7). The 
former isomer was not found at all, and the latter was found at a 
very low level in these environmental samples. The isomer 
distribution of the PCDFs was also different from that reported 
in fly ash or PCB pyrolysates—notably differences in the 





Table 1 PCDF isomers found in fat samples of the snapping turtle 
(Hudson River) and grey seal (Gulf of Bothnia) 


PCDF-isomer Peak no,” Turtle Seal 
2,3,7,8-tetra- 44 ++§ +% 
1,2,4,7,8-penta 54 ++$ cA 
1,2,3,7,8-penta- 60 (+) (+) 
1,2,6,7,8-penta- 66 (+ 
2,3,4,7,8-penta- 68 +4448 +++} 
1,2,3,4,6,8-hexa 71 

1,3,4,6,7,8-hexa- 72 

1,2,4,6,7,8-hexa- 73 ++6 H 
1,2,4,6,8,9-hexa- 76 (+4 ES | 
1,2,3,4,7,8-hexa- TI ++4§ H 
1,2,3,4,6,7-hexa-_ 78 +H 
1,2,3,6,7,8-hexa- ` 79 +48 +] 
2,3,4,6,7,8-hexa- 85 +i I 
1,2,3,4,6,7,8-hepte- 90 +++$ ++§ 
1,2,3,4,6,7,9-hepta- 91 (+4 
1,2,3,4,6,8,9-hepta- 92 +++4§ +4+§ 
1,2,3,4,7,8,9-hepta- 93 H 

octa ) 94 ++++$ ++5 





* Peak no. refers to Fig. 1a, b. 

(+) Trace amounts possibly present. + Minor peak ++ Middle peak 
+++ Major peak. ++++ Dominating 

$ Identification by MS aid retendo es on two columns. 

| Identification by retention times on two columns only. 
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Table 2 Amounts of PCDFs found in fat samples of a snapping turtle 
(Hudson River) and a grey seal (Baltic) 





Turtle (pg per g) Seal (pg per g) 


Tetra-CDFs 45 1 
Penta-CDFs 820 15 
Hexa-CDFs 700 8 
Hepta-CDFs 1,000 10 
Octa-CDF 350 3 
Total PCDFs 3,000 40 


nner nnn nner ee 
hexa- and hepta-CDF range'', The 1,2,3,4,6,8-hexa- and 
1,2,3,4,6,7,9-hepta-CDFs are both dominant in the fly ash 
samples and PCB pyrolysates while they are absent or nearly 
absent in these fat samples. In contrast 1,2,3,4,6,8,9-hepta- 
CDF, a major isomer in the fat samples, is only a minor isomer in 
fly ash and PCB pyrolysate. Consequently the major source of 
the PCDFs in the fat samples of the snapping turtle and grey seal 
is probably a direct contamination by PCBs. 

Earlier attempts to identify PCDFs in the environment were 
unsuccessful due to the lack of sensitivity of the analytical 
techniques'® and the lack of selective contaminant enrichment 
procedures'*. To our knowledge this is the first identification of 
the highly toxic 2,3,7,8-tetra- and 2,3,4,7,8-penta-CDF in 
environmental samples. 
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C-NMR has recently been used to characterize the structure of 
soild humic and fulvic acids'-’, However, these studies all used 
the classical NaOH extraction followed by acid precipitation 
(humic acids precipitate, fulvic acids are acid and base soluble) 
to isolate humic substances. There has been concern? *’ over the 
chemical alteration of such isolated acids. The studies reported 
here describe the effects of mild extraction techniques compared 
with the classical isolation procedure. Fractions were charac- 
terized by IR spectroscopy and C-NMR. In addition, IR and 
C-NMR spectra of hemicelluiosic components, extracted by 
the classical procedure from cellulose, are compared with spec- 
tra of humic and fulvic acids isolated by the same procedure. 
These spectra elucidate the effect of extractants on aromaticity, 
paramagnetic coextractives effects on spectra quality, and spec- 
tral evidence for a cellulose component as an integral part of 
humic substances. 


Numerous attempts have been made to devise a structural 
formula representative of humic and fulvic acids'!. Much of the 
difficulty may lie in the techniques used to isolate humus 
substances; these are often so severe (0.5 M NaOH extraction, 
concentrated HC! precipitation, HCI/HF purification) as to 
preclude the isolation of indigenous compounds. 

For complex compounds, such as‘ humic substances, the 
molecules may consist of rapid and mobile regions in which only 
long transversal relaxation times, T), predominate to be 
observable as broad linewidths in a high resolution spectrum. 
Longitudinal relaxation times, T,, will be even longer as T, is 
always greater than T). Consequently, caution is required when 
deriving concentrations of carbon classes from intensities of the 
signals or in deducing from the absence of a signal the essence of 
a specific structure. Low signal-to-noise ratios are common in 
humic spectra due to multiple causes of line broadening. 

Humic acids extracted at different pH values exhibited an 
increase in aromatic protons ('H-Fourier-transformed (FT)- 
NMR) as pH decreased from 14.0 to 4.5; however, aliphatic 
protons were always most abundant at any pH (65~81%)'?, 
Additional studies have emphasized differences in C-NMR 
spectra based on nature of the extractant used to isolate humic 
and fulvic acids**', and interpretation of chemical shifts 
especially in the 110-160p.p.m. range. This range is 
classically assigned to aromatic carbon absorptions but there is 
evidence'*"'® that alkenic carbon resonances may be present. 

The isolation'””° of humic-like substances from plants has 
previously been reported'*?', Humic acids were extracted!” 
from humifying leaves and clover roots; IR spectra were almost 
identical to fulvic and humic acids isolated from soil. 

Hemicelluloses are an important constituent of raw organic 
matter, especially in mineral soils (35% in wheat straw”’), They 
are typically extracted from wood with 40% NaOH followed by 
addition of acetic acid to the filtrate to yield the precipitate 
hemicellulose”. Hemicellulose was first used to describe a 
product obtained from cereals with dilute alkali treatment and 
precipitation of the extract with acid**. The product was easily 
hydrolysed to give a mixture of sugars. 

Cellulose contains hemicelluloses which are alkali soluble and 
precipitable with acid. Acid treatment can degrade the poly- 
saccharides in hemicelluloses to furfurals. Glucuronic and 
galacturonic acids (associated with hemicelluloses) are degraded 
by 12% HCI to xylose and arabinose respectively; both of these 
subsequently degrade to furfural in the presence of acid”. 

We consider the non-destructive isolation, purification and 
analysis of humic acids from an agricultural soil. A precursor of 
humus substances was also analysed using the classical isolation 
procedure. 

Soil (orthic black chernozem, 38% sand, 30% silt, 32% clay, 
5.4% organic carbon) was extracted with 0.5M NaOH (aq) 
solution purged with nitrogen in a brown glass bottle and shaken 
for 6 h. Samples were centrifuged for 30 min at 13,000 r.p.m. 
The supernatant was filtered and the filtrate slowly acidified to 
pH 1.5 with concentrated HCI. The humic acid precipitate (I) 
was centrifuged; the pellet was dissolved in weak alkali and 
ultrafiltered on a Diaflo UM2 membrane (<1,000 molecular 
weight excluded) in a stirred cell to desalt and concentrate the 
humic solution. When the filtrate reached a pH of 6.5 and the 
volume was reduced to 500 ml, the retentate was shell frozen 
and lyophilysed. Humic acids were stored in a desiccator under 
vacuum. Fulvic acid was prepared from a separate soil sample 
using 0.5M NaOH as described above, except that the 
alkali-acid soluble supernatant obtained after the humic 
acid centrifugation was ultrafiltered (UM2-Diaflo) and lyo- 
philysed. 

Aqueous 0.02 M Na,P,0, was neutralized to PH 7 and used 
to extract the same soil to yield humic acid II. The second 
Na,P.O, extract was treated using acetone (1:1) to salt-out the 
humic acids (HI) instead of acid precipitation. This precipitate 
(LT) did not have to be dispersed with base for ultrafiltration as it 
was the sodium salt. Yields of humic acids were, 0.93 g (D, 
0.57 g (II), and 1.47 g (ITI) per 500 g of soil respectively. 
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Fig. 1 Composite IR spectra of humic and fulvic acids and a 
cellulose component isolated in these studies (CM™'). 


The ratio of 1:1 acetone/water extract used for preparation 
of humic acid III was the minimum amount of acetone necessary 
for precipitation to occur. The supernatant from humic acid II 
did not yield any visible precipitate on addition of acetone (1:1) 
and humic acid III supernatant did not yield a precipitate on 
acidification to pH 1-2; therefore, the precipitates may be taken 
in each case to represent humic acids and not just a fraction of 
these. 

IR spectra (Fig. 1) were generally diffuse and lacked coherent, 
well-defined resolution. However, at equal concentrations of 
humic acid analysed, absorption in the region of aromatic 
carbon (1,620cm™! (ref. 26), and 1,690cm™' (ref. 27)) 
decreased in intensity as: I> II » HI. The fulvic acid IR spectra 
was most similar to humic acid III. This indicates the possible 
deformation of indigenous structure due to the acidification 
step. 

3C.FT-NMR spectra for humic acids, I, IT, II, and a NaOH- 
extracted humic acid, precipitated, and exhaustively de-ashed 
humic acids (I-IV) are shown in Fig. 1. Aromatic/alkenic 


Fig. 2 Composite of humic acid 

13C-NMR spectra isolated by 

Various extraction methods. ‘*C- 174 
NMR spectra were obtained on a A 

Brucker WS 900S Multinuclear , res 
NMR spectrometer operating at Po j \ 
22.63 MHz (35 °C). Free induction raw M 
decays were digitized, accumulated 
and a Fourier transformation per- 
formed by computer. D2O lock 
and full proton decoupling were 
used during an accumulation of 
80,000-100,000 scans using 90° 
pulse and total pulse delay and 
acquisition time of 1.589 s, pulse ~ 143 
width = 14 us, internal standard 
deutero-dioxane (67.86 p.p.m.), w 
chemical shifts reported in p.p.m. 0:0 
resolution = +10 Hz(~5 p.p.m.). 
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absorption in the 100-160 p.p.m. region increases (I> H>H) 
as the harshness of the extraction procedure increases, that is, 
when NaOH and HCI are used. This corroborates the IR 
evidence, which illustrated the same effect. 

A humic acid, prepared from a Red River Clay soil (RRC 
I-IV, 40% sand, 16% silt, 44% clay, 4.4% organic carbon), with 
a very low ash content (0.1% ash) yielded a spectrum (Fig. 2) mot 
much different in terms of broad and low intensity absorption 
when compared with higher ash content humic acids. The 
spectrum was most similar to that for fulvic acid (Fig. 3) and 
cation analysis showed these two humic substances to have the 
lowest concentration of Cu™ and Fe** (Table 1). Although the 
concentrations were much lower than the other humic acids 
(I-III) they were still high enough to cause profound peak 
broadening (due to paramagnetic ion-induced relaxation). 
Concentrations as low as 6 p.p.m. of Cu’ in a glycylglycine 
sample causes absorptions to almost disappear”. Cu” concen- 
trations were 52 and 114 p.p.m. for the fulvic acid and de-ashed 
humic acid respectively. 

There were only slight differences between the spectra of 
humic acid I in DO solution compared with that in a 4 M NaOD 
solution (Fig. 2), indicating the lack of observable (C-NMR) 
alteration in the humic acid during radiation {=48 h). Any 
alkaline degradation would have already occurred during the 
preparation of I. 

For the humate extracted by 0.5 M NaOH, the peaks at 30.05, 
38.96 and 57.52 p.p.m. fall in the range of aliphatic carbon 
absorption. According to Abraham and Loftus’’, possible 
configurations for 30.05 p.p.m. would be R--CH,--R or 
R,C—R, while the bands at 38.96 and $7.52 p.p.m. could reflect 
R,CH—R. The major peaks at 116.26 and 130.46 p.p.m. could 
be due either to alkenic or aromatic carbons. Early workers in 
3C.NMR assigned the alkenic carbons to an absorption 
between 120 and 155 p.p.m., as opposed to a much broader 
aromatic region”. "C-NMR of humic substances had generally 
assigned the area 110-160p.p.m. to aromatic carbon*"', 
however, more recently the area of absorption of alkenic 
carbons has widened such that they cover a wider band than 
aromatic systems’. Thus absorption in the 110-160 p.p.m. 
range could belong to either aromatic or alkenic carbons” ®”. 
Positive identification of two C-H aromatic carbons at 130 and 
128 p.p.m. in a humic acid have been reported™ and supported 
by the observation that on loss of proton decoupling the peaks 
split into doublets. Thus, in soil humic matter, there are some 
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C-NMR absorptions thar might, be assigned to aromatic 
carbons. 

A peak at 174. ippa identified in our spectra agrees well 
with that reported elsewhere* (174 p.p.m.); this can be attri- 
buted to carboxylic groups, esters and amides, but primarily to 
carboxylate entities”. 

The Na,P,0,-extracted, acid-precipitated humic material (II) 
gave a °C-NMR spectrum with a very high background noise 
level and very broad peaks (Fig. 2). This can be attributed to the 
high ash content, which include paramagnetic ions, principally 
Fe. There is a corresponding loss of information, with only three 
main absorption bands, 44.5 p.p.m. (aliphatic), 106.5 p.p.m. 
(alkenic or aromatic) and 132.12 (alkenic or aromatic). 

The humic acid IN spectrum (Fig. 2) suffered from the same 
defect, but sharp split peaks appeared at 40-47 p.p.m. Six- 
membered aliphatic rings also absorb partially in this region. 

A humic acid precursor; cellulose, showed a visible precipitate 
on acidification of a basic extract, the yield being ~100 mg/per 
50 g acid-washed cellulose; yields would have been higher for 
unwashed cellulose. Sucrose, glucose or galacturonic acid gave 
no precipitates using the classical extraction scheme. 

The similarity of the cellulose precipitate to that of humic and 
fulvic acid revealed by the IR spectra (Fig. 1) is consistent with 
cellulose being an integral part of the innate structure of humic 
substances as well as a precursar. 

13C-FT-NMR spectra revealed some similarity between the 
cellulose precipitate spectrum compared with the fulvic acid 
(Fig. 3) or humic acid IV (Fig. 2) spectra and hemicellulose 
component (Fig. 3}—an a1>4, a 1 > 6 glucan®* was reasonably 
similar to that of the cellulose precipitate (Fig. 3): NaOH (0. 2M) 
is an efficient extractant for polysaccharides from soil” and 
hence such hemicellulose components must be an integral part 
of the classical fractionation scheme. 
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Fly. 3 C-NMR spectra of a 
fulvic acid, a cellulose component 
and a glucan, internal standard = 
dg-dioxane (67.8p.p.m.) all in 
NaOD/D,0 (1M). 


Acid—base treatment of ‘carbohydrates (glucose) yields 
aromatic compounds” even at pH 3.5, including dihydroxy- 
benzenes and dihydroxybenzoic acids which are considered 
model monomers of humic substances. Although yields were 
low (3.5%) they may increase significantly in the presence of 
potential endogenous catalysts such as clays and transition metal 
cations. Solutions of carbohydrates in 0.63 M NaOH resulted in 
degradation to a large number of phenols including humic 


precursors 

The classical acid-base extraction scheme may artificially 
cause aromatic structures to form from indigenous carbo- 
Be Ee. This would result in aromatic signals or ons in 

*H NMR and IR spectra. Note that the “C-NMR 
spectrum unite fulvic acid solution of po lysaccharides in fulvic and 
humic acids extracted from sediments’ (Fig. 1) is vary similar to 
that shown for the hemicellulose component isolated in our 
studies (Fig. 3). 

Our studies suggest that humic substances may not be as 
aromatic as previously thought, that the extraction technique is 
very important in determining aromaticity that paramagnetic 
ions can be critical in determining spectral features, and that 


Table1 Transition metal ion contents of humic and fulvic acids studied 





Sample Fe Mn Cu Zn 
HA-I 0.47% 22 1315 “120 
HA-IT 2.76% 175 275 147 
HA-MM 1.96% 848 105 114 
HA-I-IV 68 ND 114 20 
FA-I $33 4 52 33 





Contents measured in p.p.m., unless indicated. HA, humic acid; FA, 
fulvic acid. 
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hemicellulosic compounds may be essential components of 
fulvic acid and humic acid structures. 
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Field study of the fossil and sedimentary record across the 
Cretaceous-Tertiary (K-T) boundary in Wyoming and 
Montana has been combined here with a reassessment of the 
published record of terrestrial palynomorphs to test recent 
hypotheses that a universal biotic catastrophe caused by an 
asteroid'*, cometary impact* or a supernova terminated the 
Cretaceous. Evidence from land plants is particularly critical 
because plants form the base of the terrestrial food chain. Thus, 
massive disruptions of the Earth’s vegetation by the postulated 
effects of a cosmic disaster (blocking of solar radiation for 
several years by a dust cloud’, severe atmospheric heating'**’ 
or ionizing radiation®) would have an amplified effect on the 
land fauna. However, I report here that the geographically 
uneven and generally moderate levels of extinction and diversity 
change in the land flora, together with the non-synchroneity of 
plant and dinosaur extinctions, contradict hypotheses that a 
catastrophe caused terrestrial extinctions. 














Fig.1 Severity of plant extinction (mostly at the species level) and 
change in diversity across the Cretaceous~Tertiary boundary. The 
dashed line represents the approximate limits of the Aquilapol- 
lenites province (designated ‘A’) covering northwestern North 
America and northeastern Asia. The symbols for localities indicate 
the percentage of Cretaceous plants that became extinct across the 
K-T boundary, and are explained in the key. The figures accom- 
panying the symbols indicate the percentage change in diversity 
with negative values indicated by parentheses, Levels of extinction 
>50% reported at two localities outside the Aquilapollenites 
province are ‘attributable, in the case of the Mississippi Embay- 
ment, to facies changes” or restriction of the sample to the 
Normapolles group of pollen, which fared badly across the K.-T 
boundary; and, in the case of northeastern Brazil, to a restricted 
sample of indicator species'*. (Base map for the early Palaeocene 
redrawn from ref, 48.) 


Fossil plants, mainly palynofloras, provide a detailed picture 
of terrestrial change across the K-T boundary that has been 
sampled throughout much of the world. Unfortunately, this 
record does not yet offer the degree of time~stratigraphical 
resolution possible for the marine sequence because of the 
relatively few studies across the boundary, wide spacing of 
samples and frequent emphasis on recognition of the Cretaceous 
or of the Palaeocene using selected guide fossils rather than by 
characterizing the whole assemblage. In addition, shifts in 
sedimentation across the boundary are seldom documented but 
may strongly influence the floristic composition; megafossil 
remains have been extensively misidentified and serious 
problems of correlation exist between marine and non-marine 
stratigraphical sections as well as between sections on different 
continents. Despite these difficulties, a coherent pattern of 
moderate floristic change can be discerned across the K-T 
boundary". 

To standardize the extinction figures reported here, all late 
Maastrichtian forms not found in the Lower Palaeocene were 
treated as though they became extinct at the K-T boundary. 
These extinction figures were also based on geographically 
restricted floras which probably record local range changes as 
well as extinctions. Both these factors elevate the apparent level 
of extinction. 

Late Cretaceous floras were dominated by the flowering 
plants, which appeared in the mid~early Cretaceous" and 
achieved dominance by the Turonian®’* in the Northern 
Hemisphere but perhaps not until the Maastrichtian’® in the 
Southern Hemisphere. During the mid-late Cretaceous, the 
pollen flora of the middle- and high-latitude Northern 
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Hemisphere gradually diverged into two distinct provinces'?”°. 


The area from eastern North America across Europe into 
western Asia was dominated by the Normapolies group. A 
second province extended from western North America nearly 
across Siberia and was characterized by forms of unusual 
morphology, known as the Aquilapollenites group”’”’, along 
with, for example, Wodehousia, Azonia and Proteacidites. Both 
pollen and leaf floras were dominated by archaic taxa with 
modern forms such as the palms, Nothofagus*®”°, Platanus*’** 
and a few others*°*5, appearing in small numbers gradually 
through the late Cretaceous. 

At the end of the Cretaceous, the most noteworthy change in 
the world land flora was the decimation of the Aquilapollenites 
province, Within its boundaries, extinction often amounted to 
75% of the Cretaceous species and showed an imperfect pattern 
of increase towards the north (Figs 1, 2). Elsewhere the level of 
extinction was much less, seldom exceeding 50% of Cretaceous 
forms'*. Floral diversity also decreased most markedly in the 
Aquilapollenites province with the level of diversity attenuation 
generally increasing northwards. Megafloral studies across the 
K-T boundary are limited to western North America but show 
similar levels of extinction of Cretaceous forms (40-60% )"* and 
asubstantial increase in the proportion of toothed (that is, cooler 
climate”*’) leaves. 

For comparison, the same method of analysis was applied to 
extinction across the Palaeocene~Eocene boundary, where no 
catastrophe has ever been invoked. In North Dakota a third of 
the palynoflora”® and one-half of the megaflora’® became extinct 
through a section starting 10 m below the boundary. Similar 
levels of extinction are seen by comparing the total Clarkforkian 
(latest Palaeocene) with the total Wasatchian (early Eocene) 
megafiora of the Bighorn Basin in Wyoming (S. L. Wing, thesis 
in preparation, Yale University). 

Given a terminal Cretaceous event of several to several 
hundred years duration and of overwhelming magnitude, 
extinctions in various terrestrial groups should appear synch- 
ronous at our resolution limits. Only in western North America 
have stratigraphical sections containing both the last dinosaurs 
and plants been carefully observed. There, the Cretaceous flora 
persists above the level of the highest unreworked dinosaur 
bone. In Alberta the floral change occurs 6 m higher”’. In east 
central Montana’, northwestern Wyoming (my observations 
and P. Gingerich, personal communication) and southeastern 
Wyoming”, the change occurs at a minimum of 2-3 m higher. In 
Colorado the change lies an unspecified distance above the last 
dinosaur®?. Based on a sedimentation rate of 65 m Myr™’ for the 
Edmonton Group™, the stratigraphical interval between the last 
dinosaur and the floral change would represent ~ 50-90 x 10° 
yr. In addition, several authors note an attenuation in dinosaur 
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Fig. 2 Survival of Cretaceous plant species across the K-T boun- 

dary as a function of palaeolatitude. Localities falling in the 

Aquilapollenites province have been distinguished from those in 

other regions. Reference numbers appear beside the points. Note 

the generally high levels of floral survival from high-southern to 
mid-northern palaeolatitudes. 
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Fig. 3 Changes in the percentage of entire-margined, dicoty- 
ledonous angiosperm leaves and inferred palaeotemperature 
changes from the latest Cretaceous through the Palaeocene in the 
Bighorn Basin of northwestern Wyoming (modified from ref. 72). 


abundance and diversity towards the boundary*’™, a finding 


corroborated by my field work in north-west Wyoming. 
Generally moderate, geographically variable levels of land- 
plant extinction and the lack of synchroneity in plant-dinosaur 
extinctions at the close of the Cretaceous make it unlikely that a 
universal biotic catastrophe occurred, Despite a lower thermal 
gradient in the Cretaceous**”* due to lack of polar ice caps*®° and 
a generally higher average Earth temperature*’, Northern 
Hemisphere floras show an increase of cooler-temperature 
forms with increasing latitude*’, though more gradually than at 
present. This suggests a correlative increase in the efficiency of 
plant dormancy mechanisms as well as chromosomal redun- 
dancy, both of which would have raised resistance to environ- 
mental stress***°. The elevated levels of extinction seen at 
higher northern latitudes across the K-T boundary effectively 
contradict the assertion that the Earth’s vegetation was simply 
able to regenerate after cosmic catastrophe“. In addition, 
low-latitude floras, relatively lacking in such dormancy and 
carryover mechanisms, suffered least, exactly the opposite of 
that expected from the catastrophic model (Figs 1, 2). 
Alternatively, the pattern of change in land plants, the 
increasingly cooler affinities of latest Cretaceous to early 
Palaeocene palynofloras***'™*, the increase in the percentage of 
forms with toothed leaves in the western United States’*, the 
attenuation of dinosaurs and the lack of synchroneity in extinc- 
tion of plants and dinosaurs are compatible with climatic cool- 
ing. A palaeotemperature curve for Montana and northern 
Wyoming suggested by megafloral evidence (Fig. 3) and 
numerous marine palaeotemperature curves point to climatic 
cooling across the boundary with gradual recovery in the 
Palaeocene. (Recent suggestions of a very short-term tempera- 
ture increase at the boundary®’**** cannot be seen at the time 
scale of the floral studies reviewed here.) An attenuated dust 
cloud, rather than the completely opaque one of Alvarez et al., 
would have caused relatively less light to reach high latitudes 
due to the greater screening power of dust at the increasing 
angles of insolation that occur there, The result would have been 
a steepened gradient of declining temperatures towards high 
latitudes and an attendant increase in plant extinctions. 
However, the effect of such a dust cloud would have been of very 
short duration. Furthermore, this hypothesis fails to account for 
the lack of appreciable extinction or diversity decline at high 
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southern latitudes (Figs 1, 2) or the irregular occurrénce of such 
effects elsewhere. These are more satisfactorily explained by 
long-term climatic deterioration, whose influence would be far 
less uniform over the Earth's surface than that of a dust cloud. 

The asteroid hypothesis has stimulated discussion between 
physical scientists and palaeontologists. However persuasive 


and well documented the evidence for an iridium anomaly, the ` 


connection between it and the terminal Cretaceous extinctlons is 
tenuous at best. Before a general theory explaining these 
extinctions can be framed, additional data on geochemical 
causes of the Ir anomaly, the range of physical consequences of a 
postulated cosmic catastrophe, and the timing and magnitude of 
late Cretaceous extinctions must be gathered and evaluated. 

Discussions with, though not necessarily concurrence of, Scott 
L. Wing, David Archibald, Bruce Taney and Walter Alvarez 
are gratefully acknowledged. 
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Spherical phosphatic microfossils 
from the Silurian of North Greenland 


R. J. Aldridge & H. A. Armstrong 


t of Geology, The University, 
Nottingham NG7 2RD, UK 


We report here that dering routine micropalaeontological 
processing of Silurian limestone samples from North Greenland, 
a karge member of small spherical, spinose microfossils have 
been isolated. These are comparable with forms studied in thin 
section by Sannemann’, which have been referred to the group 
Acritarcha, erected by Evitt’ to accommodate hollow, organic- 

walled microfoesils whose affinities are uncertain. Our material 
suggests that the walls of the spherical bodies were minerialized 
rather than organic, throwing doubt on an assignment to the 
Acritarcha, 


The specimens we have examined ars from the upper part of 
the unnamed Silurian limestone formation and the unnamed 
Silurian black shale formation? of Central Peary Land and their 
equivalents in Washington Land*, North Greenland. The 
samples were collected by field geologists of the Geological 
Survey of Greenland and processed in dilute acetic acid at 
Nottingham to recover conodonts, other phosphatic microfossils 
and organic microfossils. Five samples (GGU sample nos 
216849, 216853, 228978, 229036 and 228926) have yielded a 
total of more than 3,000 microspheres; associated conodonts 
include Pterospathodus celloni (Walliser) and indicate a late 
Llandovery age. Samples processed using standard palyno- 
logical techniques (involving the use of hydrochloric and 
hydrofluoric acids) for the recovery of organic-walled micro- 
fossils have failed to yleld any similar bodies. 

The size of the microspheres varies from 100 to 400 um in 
diameter, and long spines, which are broken on almost all 
specimens, project from the surface (Fig. 1). The density of these 
spines is variable and their basal insertion ranges from parallel- 
sided on some specimens (Fig. 1a) to broadly flaring in others 
(Fig. 15). The central body may be smooth (Fig. 1a), granular 
(Fig. le, h) or covered with pillars up to 10 um Jong and 2 um in 
diameter (Fig. 1f, 1). Scanning electron microscope examination 
of broken specimens has revealed several with complex wall 
structures (Fig. 2b-d), Commonly, an outer, thin, single layer is 
separated by 5-17 um from a double inner layer by stout pillars. 
On one specimen (no. MGUH 15322) we have observed a third 
inner, structureless layer (Figs 2b, c, 35). Each wall layer except 
the latter is composed of crystallites arranged perpendicular to 
the surface (Fig. 2a, c) and is less than 1 um thick. The spines 
arise from the inner layer (Fig. 2d) and also commonly display a 
double wall; the lower portions of the spines seem to be hollow 
(Fig. 2a, d). Although some of our specimens show simpler wall 
structures, this may be the result of removal or non-fossilization 
of the outer layers. 

Energy dispersive analysis of the spheres showed high calcium 
(Fig. 3c, d) and high phosphorus (Fig. 3e, f) content of the outer 
surface and of the inorganic wall layers, indicating that they are 
a of apatite. Repeated 20-s counts of the PKa and 

on two microsphere specimens provided Ca:P 
aie of 1.99 and 2.12, respectively. Two apatite standards 
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analysed at the same time yielded ratios of 1.88 and 2.10 and a 
coeval conodont specimen, composed of organically secreted 
apatite, showed a ratio of 2.19. Published analyses of apatite are 
mostly in the same range”’, although our specimens seem to fall 
outside the range of francolite (Ca:P 2.5-2.7), a common 
diagenetic carbonate apatite in sedimentary environments’, The 
third inner layer of specimen MGUH 15322 produced no peaks 
on energy dispersive analysis, which is sensitive to elements with 
an atomic number of #11. It is probable that this layer is organic 
in composition. 

In assessing the biological affinities of the microspheres it is 
important to determine that the phosphatic mineralization of 
the walls is primary, and not a result of replacement during 
fossilization. Unfortunately, there is no unequivocal criterion. 
Circumstantial evidence is provided by the fact that there is very 
little phosphate in our limestone samples and that calcareous 
crinoid and brachiopod fragments show no signs of phos- 
phatization. A chitinozoan (with an organic wall of ‘pseudo- 
chitin’), from the sample with the most abundant microspheres, 
shows minor silicification and no trace of calcium phosphate. 
Hence, if the phosphatization is secondary, it has been 
extremely selective and mineralogically unusual. The phos- 
phatic wall structure of the spheres is comparable with that of 
other phosphate-secreting organisms, such as lingulid brachio- 
pods’, and it is more probable that the apatite is primary. 
However, some features of surface sculpture may be the result of 
diagenetic effects. 

The shape of the microspheres is very similar to that of 
acanthomorphic acritarchs, which are normally smaller (average 
diameter 30 um) and have organic walls. Sannemann’ assigned 
his specimens from the Devonian of the Frankenwald, West 
Germany, to the genus Hystrichosphaeridium on the basis of the 
general similarity in morphology. Subsequently, they were 


Fig. 1 Variation in external 
morphology of the microspheres. 
a, Specimen MGUH 15315, x138. 
b, Specimen MGUH 15316, x165, 
c, Specimen MGUH 15317, x225. 
d, Specimen MGUH 15318, «150. 
e, Specimen MGUH 15319, «213. 
f, Specimen MGUH 15320, «130. 
g, Specimen MGUH 15318, x 1368, 
showing spine insertion and partial 
breakdown of outer layer round 
spine, h, Specimen MGUH 15319, 
x645. i, Specimen MGUH 15320, 
x515. The pillared and granular 
‘ornament’ on these specimens may 
represent the remains of the pillar 
supports of the outer wall, which has 
not been preserved. All specimens 
are from GGU sample 216849 
and numbers relate to the 
collections of the Geologisk 
Museum, Copenhagen. 


transferred to the genus Baltisphaeridium'”'' and were cata- 


logued as acritarchs by Eisenack'*, He noted, however, that they 
were unusually large and seemed to be constructed differently 
from the ‘true’ acritarchs. These structural differences are 
emphasized by our material and the phosphatic walls firmly rule 





Fig. 2 Wall ultrastructure of the microspheres. a, Specimen 
MGUH 15321, x800. b-d, Specimen MGUH 15322, x215, 
x 860, x 1075. Both specimens from GGU sample 216849. 








ne 


Nature Vol. 292 6 August 1981 

















Fig. 3 Energy dispersive analysis of microsphere walls. 

a, Specimen MGUH 15323, x270. b, Specimen MGUH 15322, 

x860. c, d, Calcium distribution across the specimens in a, b. 

e, f, Phosphorus distribution across the specimens in a, b. Both 
specimens from GGU sample 216849, 


out classification with the acritarchs. Spinose, spherical 
skeletons are also common among the Radiolaria’*, but their 
walis are latticed, spongy or perforate, and we know of none that 
compare closely in structure with the microspheres. Modern 
radiolarians have skeletons of opaline silica, although this may 
be replaced by other minerals in fossil material. 

Somewhat similar structures are shown by microgranular 
foraminifera referred to the superfamily Parathuramminacea'*, 
especially the genera Parathurammina, Archaesphaera and 
Uralinella. These, however, lack the perfect sphericity and 
complexity of wall structure shown by the microspheres, and 
preservation in phosphate would demand replacement of the 
original calcium carbonate tests. Finally, there is some similarity 
between our microspheres and various spherical calcium 
carbonate microfossils that have been termed calcispheres’’, 
particularly those referred to the radiosphaerid calcispheres’®. 
The structure of radiosphaerid calcispheres is rather different, as 
they are characterized by a spinose or prismatic outer wall layer, 
and again, preservation in phosphate would demand diagenetic 
replacement. However, the calcispheres are a heterogeneous 
group of uncertain affinities, and it is possible that specimens 
comparable to the Greenland microspheres have, at some time, 
been assigned to that group. Even so, there is no known group 
that readily accommodates our specimens. Their spherical 
structure, multiple concentric wall layers and prominent spines 
are characteristic, and their probable original apatite composi- 
tion sets them apart from other microfossils. For ease of 
reference, we informally name them mazuelloids; the name is 
derived from the mediaeval latin term for ‘mace’. 





We report the results of our preliminary studies of these 
microspheres in the hope that they will stimulate finds of more 
material. The mazuelloids are probably widely distributed, but 
commonly missed in micropalaeontological investigations. They 
would not be preserved in palynological residues as they 
collapse in hydrochloric and hydrofluoric acids, and their small 
size and delicacy may lead to them being overlooked or broken 
in routine microfossil searches. Indeed, since recovery of the 
Greenland material, we have isolated several additional phos- 
phatic mazuelloids from the upper Silurian of Czechoslovakia. 

We thank Drs J. M. Hurst and J. S. Peel, of the Geological 
Survey of Greenland, for making the samples available for 
study. Mr A, Swift found the first specimens; photography and 
analysis were carried out at the Wolfson Institute for Interfacial 
Technology with Mr L. Green providing assistance. We also 
thank Mr K. J. Dorning, Dr P. J. Hill and Dr B. K. Holdsworth 
for valuable discussions and Professor C. Downie for reading the 
manuscript and suggesting improvements, H.A.A. acknow- 
ledges the award of a NERC Research Studentship. This article 
is published with the permission of the Director of the Geologi- 
cal Survey of Greenland. 
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The age of the hominid cranium discovered in 1960 in a imes» 
tone cave near Petralona (Greece) is a continuing cause of 
controversy. The age of the skull, which was apparently encras~ 
ted by brown calcite soon after the death of the individual 
concerned, has been variously estimated at between 76,000' 
and 700,000’ yr. Here we show using electron spin resonance 
(ESR) measurements of the calcite encrustation and of bene 
fragments that the age of the Petralona hominid Hes between 
160,000 and 240,000 yr. We also demonstrate, by trace element 
analysis, that the composition of the czlcite encrustation is the 
same as that of the very top of the travertine floor. 

Part of the difficulty in interpreting the Petralona skull stems 
from the circumstance of its discovery, on the floor of the cave. 
The cave fauna has been variously attributed to the Riss/Wurm’ 
and Giinz/Mindel* interstadial, suggesting that the hominid 
might be classified as Homo sapiens neenderthaliensis or Homo 
erectus. It is, however, questionable, whether faunistic remains 
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can be related to the hominid cranium. Previous estimates of the 
age have been based on measurements of speleathem samples 
either from other branches of the cave or from deeper (and thus 
older) strata. We believe that only the skull itself and its encrus- 
tation should be the basis for absolute age determination. 

After inspecting the calcite encrustation, which was removed 
from the well preserved skull by J. W. Melentis (University of 
Saloniki, Greece) and one of us (N.LX.), our attention was 
directed to some larger speleothem samples that were collected 
a few years ago in the cave near where the skull was discovered. 
As expected, some of these travertine samples were covered by a 
thin, opaque, reddish-brown, non-laminated calcite layer 
resembling the coating on the skull. The lack of any lamination 
indicates only one uninterrupted depositional event. To confirm 
the assumption of an identical growth horizon, pieces of the skull 
encrustation (a) and of the calcite layer (b) covering some of the 
larger speleothem fragments were analysed for several trace 
elements by instrumental neutron activation analysis (INAA). 
For comparison, a calcite sample (e) from 30-40 mm beneath 
the surface layer of the travertine floor was included. 

Comparison of the results in Table 1 clearly shows the high 
similarity of samples (a) and (b). Sample (e) is quite different. 

The higher K-, Mn- and Na-contents of sample (b) compared 
with (a) can be explained by an increased fraction of clay 
minerals. The similarity of (a) and (b) with respect to most of the 
analysed elements implies that both belong to the same layer of 
deposition’. This result is significant because practically all 
previous age determinations? were done on samples from 
deeper strata (as, for example, sample (e)), but not from the thin 
brown top layer (b) of the travertine floor. These earlier works 
on Petralona speleothems attempted to correlate the massive 
base calcite stratum of the floor with the skull itself. However, a 
reliable stratigraphy with respect to the cranium has never been 
established. Consequently, a definite dating of this hominid was 
not possible. 

For the present study, five different samples with clear stra- 
tigraphical relations to the hominid skull were chosen: 

(a) Calcite encrusting the hominid skull, which should yield a 
lower age limit for the hominid. 

(b) Top calcite layer covering the floor. 

(c) Bone fragments of the hominid skull, which had acciden- 
tially come loose with the calcite encrustation (a). 

(d) Calcite 3-4 mm beneath the surface layer (b), which 
should yield an upper limit for the hominid. 

{e) Calcite 30-40 mm beneath the surface layer (b). 
We considered that it was essential not to investigate only the 
small bone fragments of cranium (c), because although dating of 
animal and human bones by ESR has been reported’, bones 
may suffer from recrystallization and the hydroxylapatite can 
Partially convert into fluorine-apatite. Calcite, however, is 
generally accepted as a stable mineral and a ‘closed system’. 






ax" 
ðB CN 
/ \ 
| W ee a 
| { 
| E 
| aww \ \ T=300K nN a 
l 3 Pi 7 \ Sen get Ma 
| í “9 Alps eS 
B(mT) 
338 339 340 341 342 


Fig. 1 ESR-spectra of bone fragments (c) of the Petralona 
hominid cranium, taken at 300K and 150K. v =9.5 GHz, p= 
3.7 mW, m = 50 mg. 
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Table t -Trace element contents of calcite samples (a), (b) and (e), related to the 
hominid skull from Petralona Cave 





Element fay ove ib) le) 
(p.p.m.) (ppm) ip.p.m.} 
As 0.5 2.8 79 
Co “49 13 0,02 
Cr 13.3 14.3 0.32 
Cs 1.9 1a O01 
Eu 0.09 0.08 0.004 
Fe 4,700 4,600 140 
K 87.4 377 i <10 
Mn 42,3 163 0.44 
Na 30.3 164 18 
Rb 103 96 <1 
Sb 0.93 0.65 0.05 
Se L17 LOL 0.05 
Th 1.84 1.39 <04 


emanating ne re 

Trace element concentrations determined by instrumental neutron activation 
analysis (INAA), There were two successive neutron irradiations of 3 min and 
12 h: thermal neutron flux was 8 x 10"? neutrons em?s, Sample weights were 
~150 mg, and average errors £10%. 


Of the modern techniques such as thermoluminescence 
(TL)''"*, electron spin resonance (ESR)'?" and uranium series 
dating'*"*, which are suitable for dating Quaternary calcites, 
ESR seemed to be the most advantageous for the following 
reasons: (1) The presumed ages of all samples are beyond the 
limits of radiocarbon dating. (2) Only milligramme amounts 
of most samples were available, so that the low U content 
(<1 p.p.m.) precludes the use of **°°Th/?**U-dating. (3) The high 
opacity of the bone and of some calcite samples is disad- 
vantageous for TL-dating. The presence of a small clay fraction 
(of the order of a few parts per thousand) would cause strong 
interference with the TL-signal''. The principle of ESR-dating 
has been described in detail elsewhere '™ S, In brief, ESR 
measures the concentration of paramagnetic electrons in defects 
of the crystal lattice, created by interactions with the natural 
radiation since the time of (speleothem) deposition, In the 
present study, ESR measurements were performed by means of 
a ‘Bruker’ spectrometer (BER 420) at a microwave frequency of 
9 GHz (X-band) and a typical microwave power of 2 mW. The 
weighed samples were positioned in a variable, homogeneous 
magnetic field of ~300 mT. 

For ESR-dating, ~1 g of each sample was cleaned from the 
adherent clay or bone impurities, ground, etched for 10 min in 
0.1M HCI and separated from the fine-grain fraction by 
decanting off the supernatant, milky solution. Portions of iden- 
tical weight (generally 50-150 mg) were exposed to different 
y-doses between 10 and 100 krad (1 krad = 10 J kg™’) using a 
calibrated 6,000 Ci (1 Ci =3.7 x 10° s~) Co y-source. One 
portion of each set of samples was left unirradiated to obtain the 
ESR-signal of the natural radiation dose, that is the ‘archaeolo- 
gical’ dose. The y-irradiated samples were either left to stand for 
at least 1 day or were kept at 100°C for 1h to remove the 
interfering (unstable) ESR signal, which presumably cor- 
responds to the ~80°C TL glow peak. 

The specific ESR-signal (proportional to the radiation dose) 
was sometimes subject to interference from other resonances 
which did not increase linearly with y-doses (that is, it showed 
strong saturation effects), This problem was overcome by 
lowering the temperature of the sample to ~150K using a 
helium gas-flow cryostat. At this temperature, not only was 
there better discrimination, but also a significant enlargement of 
the radiation-induced ESR signal. This signal enhancement is 
shown in Fig. 1 for the bone fragments (c). 

To ensure that the radiation-induced ESR-signal (used for 
dating) had been stable for at least some 10° yr, annealing 
experiments were carried out. The initial disappearance of the 
ESR signal between 200°C and 250°C indicates a correlation 
with the 230 °C TL glow peak of natural calcite. This TL signal, 
which shifts up to ~275 °C when using a fast heating rate, has 
already been studied by Wintle’®, Isothermal annealing 
experiments performed on ESR active defects chosen for dating 
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resulted in exponential signal decays with time constants 7 
according to an Arrhenius law 7 = rs exp(E,/kT) with a pre- 
exponential 7)=3.8x10°*s and a trap depth E,= 
1.65+0.1 eV. This allows us to deduce mean defect annealing 
times of r= 9 x 107 yr and 3 x 10° yr for storage temperatures of 
15 °C and 10 °C, respectively. These data are in good agreement 
with the mean lives given by Wintle for TL-dating’’. Thus 
speleothem dating should be possible using ESR techniques up 
to a few million years without significant corrections for anneal- 
ing, particularly as no anomalous fading is observed in the TL of 
calcite”. ' 

The heights of the radiation-induced ESR signals were 
recorded as well as one of the six absorption lines of Mn?” , which 
are present in practically all ESR spectra of natural calcites. It 
has been suggested'* that these lines be used instead of sample 
weight for the calibration of the radiation-induced ESR-signals. 
Where possible, we applied both methods of calibration to 
evaluate the y-equivalent archaeological doses (EDs). 

Inthe same way the y-equivalent archaeological doses (EDs) 
were determined for the other four samples (b)-(e). Results are 
listed in Table 3. 

To obtain the formation ages in years, the EDs are divided by 
the corresponding radiation doses per year. To determine these 
annual doses requires that for each sample (see Table 2): (1) the 
U, Th, K and Rb contents have to. be analysed; (2) posssible 
disequilibria in the natural decay series have to be considered; 
(3) the efficiency of a-radiation (relative to an identical y-dose) 
with regard to the radiation-induced ESR signal has to be 
determined; (4) the external y-dose rates at the original sites of 
the samples must be measured. 

U-contents were established by fission-track analysis, using 
NBS reference glass standard SRM 614. Th, K and Rb contents 
were determined by INAA and K was independently measured 
by flame photometry. 

An a-spectrometric determination of the °°Th/?**U-dis- 
equilibria was not possible for the most useful samples (a)-(d) 
(directly related to the skull) because of the small amounts and 
U-content (see Table 2). U-series dating of the massive base 
travertine (e) yielded an age of =300,000 yr. The growth of 
230TH (which is initially absent in speleothem) and its short-lived 
daughter nuclides (which are high-energy emitters) towards 
equilibrium results in a continuously increasing annual dose. 
Hence, the average annual dose was calculated iteratively with 
an equation derived by Wintle”. *’Rn losses are taken to be 
negligible for all samples. 

For ESR-dating of calcites, there have been no data on the 
efficiency of an a-radiation dose (relative to a ~- or y- dose) for 
the generation of unpaired, ESR-active electrons. We thus 
carried out this calibration on the calcite encrustation of the 
skull (a) by means of a standardized *“*'Am a-source. The 
a-efficiency determined for sample (a) was 30+6% and this 
value was also used for sample (b) in the same growth horizon. 

The external y-doses were measured by CaSO.: Dy TL- 
dosimeters (Harshaw TLD control 4378-32) (ref. 5). Dose rates 
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Fig. 2 Determination of the archaeological doses equivalent to 

6Co y-irradiation (EDs) of the calcite encrustation (a) of the 

Petralona hominid skull from two sets of samples. x, 150K, 

70 mg, calibration by Mn’ *-signals; ©, 300 K, 150 mg, calibration 
by weight. 


in Petralona Cave varied between 30 mrad yr™' in some 20-30- 
cm deep boreholes in pure calcite floors and up to ~200 mrad 
yr’! in clay-rich areas. At the site of discovery of the skull an 
external dose rate of 190+ 20 mrad yr’ was recorded on the 
surface of the travertine floor. The 1 mm polyethylene walls of 
the dosimeters containing the CaSO,: Dy partly absorb low- 
energy y-rays and thus do not allow total y-dose deter- 
minations. In addition, a- and g` -radiation from airborne 
radionuclides (for example, radon and daughter products), 
which are not recorded by the CaSO,: Dy monitors, might have 
also affected the top layers. Hence, for the top layers (a) and (b) 
the given total dose-rate values may even be underestimated, 
The external dose rate 3-4 mm beneath the surface (as for 
samples (c) and (d)) was estimated to be 170 mrad yr”! because 
of shielding which was confirmed by laboratory experiments. At 
various locations, 5-10 cm deep in the travertine floor dose rates 
varied between 70 and 110 mrad yr™'. Thus a value of 90220 
mrad yr’ was taken for sample (e), 

Although it cannot be proved for any ESR- or TL-dating, the 
external dose rate is commonly assumed to have remained 
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Table 2 Dose rates per year for the investigated samples (a)-{e) 








{a) 


{c) id} (a) 


U-content (p.p.m.) 0.066 0.119 0.418 0.261 231 
Mean* annual dose (mrad yr`') $040.4 9041.4 39.34 16.0 24.8 410.0 EERE SE 
Th-contentt (p.p.m.) 1.84 1.39 0.3 <O.1 <Q 
Annual dose (mrad yr™') 14.70 2.4 <0.8 <O.8 
K-content (p.p.m.) 87 139 15 < 10 
Annual dose (mrad yr™') 0.9 1.2 0.1 gol 

I = internal dose rate (mrad yr™') L+1 22441 243416 £25410 236415 
External dose rate (mrad yr™') 190+ 20 190+20 170420 170420 904 20 
Total dose rate (mrad yr~*) 2ti+21 214421 213 +36 195+ 30 126435 














Internal dose rates are calculated from the U-, Th- and K-contents on the basis of the tables of Bell?"?*. Dose rate contribution by Rb < 0.2 mrad yr"! throughout. 
*The mean annual dose contributions by U-series nuclides take into account ?4U/?""U- and ?°Th/?™U-disequilibria of ~1.1 and ~0.85, respectively, for samples 
(a)~(d), according to an age of ~20,000 yr. Secular equilibrium was determined for sample (e) by a-spectrometry. The a-efficiency of 3026% evaluated for sample (a) 
was also used for (b) of the same growth horizon. For samples (c), (d), and (e) the total range of a-efficiencies of 20% to 60% was applied, which have been evaluated in 


TL-dating of various stalagmites by Wintle* and Bangert (personal communication). 


ta-contributions to dose rates are neglected for Th-series, because the bulk of Th is in detrital aggregates (for example, in clay particles). 
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Table 3 Archaeological y-equivalent doses (EDs), annual doses and ESR age 
date evaluated for the bone fragments from the Petralona hominid cranium (c) 
and interrelated calcite strata (a), (b), (d) and (e) 





ED* (ESR) Annual dose ESR age 
Sample (x 10? rad) (mrad yr`') (kyr) 
(a) 4177+ 4.2 211421 198240 
(b) 4i 8t 4.2 214421 195+ 40 
(¢) 27.1 + 2.7 213436 127435 
(d) 38.6 + 3.9 195430 198+ 50 
(e) 81.744 12.3 126435 ~650 +280 


*Temperature of ESR-measurements is 150 K; linear regression coefficients of 
ESR growth curves =0.99 throughout. 
+Mean value of 2 EDs (calibration by weight and Mn** signals, respectively). 


constant since the time of speleothem deposition. For the 
Petralona cranium this is probably true, because the place of 
discovery is at the head of a ‘dead-end’ branch of the cave’, 
where there will be hardly any air movement. 

The y-dose rates monitored in Petralona cave by a portable 
Nal-scintillometer yielded smaller variations in the annual 
y-doses (57-91 mrad yr7') (ref. 20) than those recorded by 
CaSO,: Dy-monitors (~30-200 mrad yr7') (U. Bangert, 
personal communication). This is due to a higher spatial resolu- 
tion of the CaSO,: Dy-dosimeters in recording the y-dose rates 
which generally show considerabie variations (on a centimetre 
scale) vertical to the speleothem growth horizons. 

From the total dose rates given in Table 2, we deduce absolute 
ages from the y-equivalent archaeological doses (EDs) (see 
Table 3). 

The ESR-ages of samples (a)~(d) are concordant within their 
limits of errors and sample (e), which is obviously much older, is 
not related to the hominid skull. The lower age of the bone 
fragments (c) compared with (a), (b) and (d) may be due to a 
partial recrystallization of the apatite crystral lattice of the bone. 

Our ESR ages in Table 3 consistently indicate an age of 
~200,000 yr for the Petralona cranium. Taking into account the 
uncertainties of location, the technical difficulties and the 
controversial interpretations of the cranium, this result may 
clarify the phylogenetical position of the Petralona hominid, 
which lies between 160,000 and 240,000 yr BP. 
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Recent archaeological results from Parmana, Venezuela, 
suggest that maize became a staple along the Orinoco River 
between about 800 BC and AD 400, contrary to prevailing views 
that maize was not important in prehistoric Amazonia. In maize, 
carbon dioxide is initially fixed as a C, carboxylic acid, rather 
than as phosphoglyceric acid as in C, plants. The organic carbon 
constituents of C, plants have a different C/C ratio from C, 
plants, and this difference is transmitted to animals dependent 
on maize as a major carbon source. Thus, the '"C/'?C ratio of 
animal remains is a reflection of their diet. Stable carbon isotope 
measurements on human skeletons from Parmana reported 
here show that a dramatic shift in the prehistoric diet from 
dependence on C, plants to C, plants (which include maize) did 
take place. 

Students of Greater Amazonian cultural development com- 
monly assume that the ‘tropical forest’ system was the major 
subsistence system of prehistoric times. In this system most 
calories are provided by cultivated manioc (that is, cassava) and 
most protein by hunting and fishing. In the Amazonian forests, 
where soils are poor and game scarce, tropical forest culture is 
associated with small, autonomous villages. The development of 
large, populous chiefdoms in the Amazon and Orinoco main- 
streams in late prehistoric times is usually attributed to the 
higher productivity of the floodplains for tropical forest subsis- 
tence’, 

An alternative argument holds that manioc cultivation and 
animal capture could not have supported dense populations in 
floodplains and that larger populations were based on the 
cultivation of seed crops, particularly maize*. Although maize is 
a minor crop in present Amazonian tropical forest societies, 
several ethnohistoric accounts’ describe it as an important 
staple in floodplain subsistence. Recent archaeological 
fieldwork in the Parmana area of the Orinoco basin, Venezuela, 
suggests that maize may have replaced manioc as the major 
staple along the Orinoco River during the Corozal phase, 
between about 800 BC and AD 400, and that the population 
increased 15-fold during this period. 

To assess the archaeological and isotopic evidence for a 
change in prehistoric diet it is necessary to know the potential 
human food sources in the Parmana ecosystem, their carbon 
isotope ratios, and the potential productive capacity of the local 
tropical forest system as compared with one based on seed crop 
cultivation. The plants relevant to the discussion are all C3 or C4 
plants, which have markedly different °C contents””'', Cumu- 
lative assessments of '*C/'°C ratios in plant foliage, expressed as 
per mil (%) deviations in °C (8°C) from the Chicago PDB 
standard’, yield mean values of ~26.5% for C, and ~12.5% for 
C, plants, with no overlap between their ranges of values’*""*. 
When animals and humans eat plants, these characteristic iso- 
tope ratios are registered in their tissues'®, with further frac- 
tionation occurring during tissue formation'”*. A fractionation 
value of +5.1% in human bone collagen, established for pre- 
historic hunter~gatherers in the North American woodlands’, 
is used here for calculations. 

Maize (Zea mays) is a C, plant. A suitable average 5'°C value 
for maize kernels based on multiple measurements is not avail- 
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Table 1 8'°C values of some manioc (Manihot esculenta) root 





products 
Laboratory no. Sample description 8°C io) 
UCT-480 Manioc cake purchased in New York -25.6 
City; probable origin the Dominican 
Republic l 
UCT-481 Same as UCT-480, another example ~26.0 
UCT-483 Manioc root, Nkhata Bay, Malawi -25.0 


aaeeea ae 


Precision of 8'°C is +0.1%. 


able, so the average value for C, foliage (~12.5%) will be used 
here. Manioc (Manihot esculenta) is a C, plant, as shown by the 
6 °C values in Table 1. The average for three samples from the 
Dominican Republic and Malawi is ~25.5%, near the C, plant 
average. The samples were presumably cultivated in open fields, 
however, where the air is well mixed and the CO, has the 8PC 
value of atmospheric CO, at ~7%.. In dense forests, restricted air 
circulation and CO, from rotting leaf litter combine to deplete 
the °C content of CO, available for photosynthesis’’. In the 
Amazonian rain forest, this canopy effect results in leaves of the 
upper canopy having 6'°C values of about ~30%, while the 
undergrowth averages about —35% (ref. 21). The severity of the 
canopy effect can be expected to vary with forest density. Thus, 
the effect would be slightly less marked in tropical gallery 
forests, and less marked still in small forest clearings like swid- 
den fields. No measurements are available for these situations, 
but it can be assumed that forest plants will have 5'°C values 
more negative than the C, plant average of —26.5%. 

There are two major components to the Parmana ecosys- 
tem—the terrestrial habitats of gallery forest and savannah, and 
the seasonally fluctuating aquatic habitats of river, stream and 
lagoon (for detailed refs see ref. 4). Significant human food 
sources in the natural environment include fauna, a few tree and 
shrub products, and root plants. Plant material in the ecosystem 
is predominantly C; and forest derived, with the exception of 
floating meadows, which are C, but grow in the open, and 
savannahs, which have some C, grasses. The terrestrial fauna 
include a few grazers which may eat C, grasses, but are small in 
biomass and of relatively slow turnover. The aquatic fauna, 
especially the fish, make up the only substantial intensifiable 
human food source; they feed on forest-derived plant detritus. 
Thus, most carbon available to humans from wild sources is 
derived from C, plants and is strongly '*C depleted; only a 
miniscule proportion of the carbon could come from C, plants. 

The archaeological sequence consists of three ceramic tradi- 
tions: La Gruta, Corozal and Camoruco***”**. Excavations by 
Roosevelt in 1974 and 1975 provided information on pre- 
historic subsistence and population’. For La Gruta (2100- 
800 BC), tropical forest subsistence is indicated by ceramic 
griddles, small stone chips possibly from manioc graters, pro- 
jectile points and poorly preserved faunal remains. Excavation 
produced carbonized plants apparently of wild species only 
(S.G. Stephens and H. Pinkley, personal communication). 
Population of the 500 km’ area was small throughout the 
period, estimated at 120 or 0.24 per km’ (based on a refuse area 
of 1.5 ha and comparison with ethnographic settlements). The 
subsistence of Corozal (~800 BC-AD 400) is characterized by 
the introduction of maize and transition to intensive maize 
cultivation, with continuation of tropical forest subsistence. 
Carbonized maize appears for the first time early in the period, 
becoming common by its end. Possible domestic legumes, as yet 
unidentified, occur in small quantities throughout Corozal, and 
possible maize-grinding tools appear. Estimated population for 
early Corozal is $60 or 1.1 per km’ and 1,750 or 3.5 per km’ for 
late Corozal (based on refuse areas of 7.5 and 23.3 ha, respec- 
tively). The Camoruco period (AD 400-1500) is characterized 
by intensive maize cultivation, with manioc cultivation and 
hunting and fishing probably making a small contribution to 
calories and protein. Maize remains were abundant, and 
Canavalia, a tropical bean, was identified (L. Kaplan, personal 








communication). During this period population stabilized at 
about 1,800 or 3.6 per km’, increasing to about 2,500 or 5 per 
km? between AD 1100 and 1500 (based on refuse areas of 24.1 
and 34 ha, respectively). 

The remains suggest a shift during Corozal from tropical 
forest subsistence, based on manioc, fish and game, to a system 
based primarily on maize, associated with a sizeable population 
increase. Maize is conclusively identified, based on carbonized 
plant remains (W. Galinat, personal communication), but 
identification of manioc is not conclusive, being based on 
presumed food-processing tools that could have been used for 
other foods’. Manioc’s presence will be unproven until direct 
botanical evidence can be found. Moreover, the archaeological 
finds do not establish the proportion cf maize in the diet, due to 
poor preservation of other foods, especially manioc. 

A shift from forest-based subsistence to a diet based on maize 
should produce a substantial change in the '°C/'°C ratios of 
human tissues and should be detectable in bone collagen. Given 
a food web based primarily on plant material from the forest 
(8PC more negative than —26.5%) and enrichment in BC of 
5.1% during collagen formation, human bone collagen should 
have a 6'3C value more negative than ~21.4%. A hypothetical 
diet based entirely on maize or other C, plants (such as sorghum 
and millet) should yield bone collagen with a 6'°C value of 
—7.4%; mixed diets should produce intermediate values. 

Stable carbon isotope measurements were made on the five 
human skeletons recovered from the Corozal site (Table 2); two 
specimens dated to the inception of Corozal (~800 BC) and 
three to the Corozal/Camoruco interface (~AD 400). Collagen 
was extracted from the postcranial remains and converted to 
CO, in the Archaeometry Laboratory, University of Cape 
Town. The procedure involved slow decalcification in 2% HCI, 
washing in distilled water, vacuum drying and combustion. The 
bones were badly decomposed by the acid tropical soil, their 
appearance chalk-white and friable. All the postcranial remains 
of the child burial (UCT-267) had to be used to obtain the 
required 0.1 g of dried collagen. Mass spectrometric measure- 
ments of the '°C/'*C ratios were made at the Pretoria Radio- 
carbon Laboratory and related to the Chicago PDB standard 
through a secondary standard. The results show a substantial 
isotopic difference between the early and late Corozal skeletons, 
the two early skeletons having ar average 8C value of 
—26.0%, and the late group averaging —10.3%,; the individual 
values in each group are closely similar, presumably the result of 
stable subsistence systems. 

The average 5'°C values of early and late Corozal diets can be 
calculated by subtracting the collager: enrichment value of 5.14 
from the results in Table 2. The early Corozal diet averaged 
~31.1%., considerably more negative than the C, plant average. 





Table 2 51°C values for collagen from human skeletons excavated at 
Corozal in the Parmana area 





Laboratory no. Provenence EE h) 
Late Corozal, ~AD 400 
UCT-259 Skeleton 2 (adult), Exc. 3, level 18- GT 
22, prov. 3543 
UCT-258 Skeleton 3 (adult), Exc. 3, level 18~ -10.5 
22, prov. 544 
UCT-286 Skeleton 4 (adult), Exc. 3, level 18- IOR 
22, prov. 544 
Average (n = 3) -10.3 
Early Corozal, ~800 Bc 
UCT-260 Adult skeleton, centre burial, Exe. 2, -26,1 
level 16-17, prov. 293 
UCT-287 Child's skeleton, Exc. Z, level 18, ~25.8 
prov. 545 
Average (a =2)  ~26.0 





Early Corozal skeletons are associated archaeologically with a 
tropical forest subsistence system (probably manic, fish and game), 
Late Corozal skeletons with maize, legumes and probably less 
manioc and animal food. Precision of 6'°C is ~ 0.1%. 
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This result could only have been achieved through a food web 
which was based primarily on forest-derived plant material, 
probably to the near exclusion of anything else, Local fauna and 
manioc raised in the forest would produce such a result, 
although we cannot prove that manioc was involved. By 
contrast, the late Corozal diet had an average 8°C value of 
~15.4%, heavily dominated by C, plants. The most likely 
explanation for this change is the introduction of maize cultiva- 
tion. No other C, staple crops are known for the area, nor cana 
massive increase in the human diet of animals raised on C, plants 
be invoked to explain the results, as the faunal remains are 
primarily of fish (E. Wing, A. Garson and E. Simons, personal 
communication). If one adopts the explanation that maize 
cultivation was involved, the proportion of maize in the diet can 
be calculated. This yields a range of possible results, depending 
on the food web constructed and the 8°C values used. If the diet 
consisted entirely of seed crops raised on the floodplain, where 
normal atmospheric CO, was available for photosynthesis, it 
needed to include 80% maize and 20% legumes (8°C = 
~26.5%0) to achieve the observed results. If some forest-derived 
plants or animals were included {average 6'°C value ~31.1%), 
the maize component needed to be slightly more. Populations 
depending on maize components >80% are common in the 
modern Third World”, 

We conclude that the prehistoric peoples of Parmana main- 
tained a forest-derived subsistence system, probably based 
mainly on manioc calories and animal protein, until about 
800 BC or a little later. By ~AD 400 their diet had changed 
dramatically to include a maize component of perhaps 80% or 
more. This change allowed for a 15-fold increase in population, 
which then stabilized at the higher level. These conclusions help 
to explain how large concentrations of people and complex 
societies could have developed in Amazonia. 
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One of the great enigmas of mammalian phylogeny is the 
genealogical relationship of the aardvark (Orycteropus afer), 
the only living representative of the order Tubulidentata. 
Although now generally grouped close to the ungulates and 
paenungulates’*, and thought to be derived from a common 
condylarthran stock*”, it still holds an isolated position among 
eutherian mammals. The evidence of the evolutionary relation- 
ships of the aardvark may be obscured at the morphological and 
anatomical level by the pronounced adaptations to its ant-eating 
and burrowing habits, and may be better preserved in its protein 
molecules, as direct copies of the genetic material. We have 
therefore now studied the amino acid sequence of the eye lens 
protein a-crystallin A of the aardvark, and compared it with the 
corresponding sequences from species representing 15 mam- 
malian orders. Unique similarities were observed among the 
a@-crystallin A sequences of aardvark and the paenungulates 
manatee, hyrax and elephant, suggesting that the closest rela- 
tives of the Tubulidentata are found in the paenungulate orders 
Sirenia (sea cows), Hydracoidea (hydraxes) and Proboscidea 
(elephants). Moreover, these orders do not seem to be derived 
from a common stem group with the ungulates, but might well be 
one of the first offshoots of the placental mammalian line. 
a-Crystallin is a high molecular weight protein aggregate, 
essentially composed of two types of polypeptide chain, a A and 
aB, each about 175 residues long". a-Crystallin occurs in 
considerable quantities in the eye lenses of all vertebrates’, and 
thus can readily be isolated and analysed. Sequence analysis of 
the a-crystallin A chain has previously been used to study 
phylogenetic relationships between 11 mammalian orders’, 
The results mostly agreed with prevailing opinions about 
mammalian phylogeny, and prompted the investigation of the 
aA chains from species representing orders of more disputed 
affinity, like Edentata (sloths and anteaters)''!, Pholidota 
eect ee a Oe A E 


Table 1 Phylogenetically informative positions in aardvark, manatee and 
other published mammalian a-crystallin A sequences’?! 
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Fig.1 Summary of sequence analysis of aardvark and manatee a -crystallin 
A chains. The central line represents the proposed sequence of aardvark a A. 
Residues which are different in the bovine a A chain’? are shown above the 
aardvark sequence and those residues in which the manatee a A chain differs 
from the bovine chain are given below the aardvark sequence. Positions 
40-49 and 77-78 of the manatee sequence could not be determined, and a 
substitution Ser > Asn has occurred either at position 172 or 173. From 
three aardvark lenses and six manatee lenses, 36 mg and 12.5 mg, respec- 
tively, of a A chains could be isolated. The isolation and sequence analysis of 
the aA chains followed previously detailed methods'®, The procedure is 
largely based on amino acid analyses of small peptides, which are compared 
with corresponding ones of the completely sequenced bovine aA chain”, 
When amino acid compositions of homologous peptides are found to be the 
same, it is assumed that their sequences are also, Peptides which differ in 
composition from corresponding bovine ones are, if possible, subjected to 
dansyl-Edman degradation to localize the positions of substitutions. The 
inaccuracy in the sequences so deduced is very small?®. This figure shows by 
different underlinings the peptides from which satisfactory amino acid 
analyses could be obtained. Peptides and residues within these peptides are 
mainly ordered by homology with the known bovine sequence’*, The 
Positions of a number of residues were determined by dansyl-Edman 
degradation (—» —). Aardvark aA chain: Tryptic peptides (———+) were 
isolated by peptide mapping and gel filtration’®. The large tryptic peptide 
22-49 was further digested with thermolysin and the resulting small peptides 
(«+++») isolated and analysed. From a tryptic digest of citraconylated 
cyanogen bromide fragment (residues 2-138) was isolated peptide 2-12 
(«--~-~-») and a large peptide containing residues 66~104. The latter 
peptide was decitraconylated and digested with chymotrypsin (e= — — —), 
which resolved the sequence 66-88, Cyanogen bromide fragments cor- 
responding to residues 139-150 and 151-173 were digested with trypsin. 
The resulting peptides (~~~ -~--») covered the region 146-157. Manatee 
aA chain: Soluble tryptic peptides (~-M-~-») were isolated by peptide 
mapping. A thermolytic digest of the water-insoluble tryptic core yielded 
peptides (+~: - - M - > - —) which resolved residues 22-39 and the important 
; region 66-76, 


(pangolins)’* and now the Tubulidentata. Although the rela- 
tionship of Sirenia to the other paenungulates has not been 
questioned™”, we, nevertheless, report here the a A sequence of 
the Brazilian manatee (Trichechus inunguis) because it increases 
the body of relevant data on which to base our phylogenetic 
inferences. 

a-Crystallin was isolated from three aardvark lenses and six 
manatee lenses, and the sequences of the aA chains were 
analysed as shown in Fig. 1. Comparison of the proposed 
aardvark and manatee a A sequences with the data set of other 
aA chains (Table 1) clearly reveals that both sequences share 
three or four apparently derived substitutions with hyrax and 
elephant: 70.Lys-> Gln, 72 Val > Leu (not present in elephant), 
74 Phe > Leu (also in the edentate Tamandua) and 142 Ser > 
Cys (also in man). No substitutions are uniquely shared with any 
other particular eutherian order. The aardvark and manatee a A 
chains each have in addition a relatively large number of unique 
substitutions: four in the aardvark (84 Glu, 149 Ser, 152 Asp, 
170 Val) and five in the manatee (19 His, 20 Asn, 126 Lys, 
167 Ala, 172 or 173 Asn). 
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To assess the sequence relationships of the aardvark and 
manatee aA chains more objectively and quantitatively, trees 
were constructed for the available aA sequences, using a 
maximum parsimony approach’*"*, The fewest possible number 
of nucleotide replacements (NRs) to arrange the 23 mammalian 
sequences, and the chicken and frog (Rana esculenta) 
sequences?’ as outgroups, in an ancestral branching order, was 
found to be 133. Several equally parsimonious trees could be 
constructed which, however, all agreed in the positioning of the 
aardvark and the place of the paenungulates in relation to the 
other mammalian orders (Fig. 2). These most parsimonious 
trees clearly suggest a monophyletic origin of aardvark and 
paenungulates. Indeed, to separate the aardvark from the 
paenungulate branch, and place it at the base of the edentate line 
or as a separate branch next to edentates and paenungulates, 
costs an additional 4 NRs. All other positions are even less 
parsimonious. The most parsimonious solutions depict the 
elephant as the first offshoot of the paenungulates, due to the 
substitution 72 Val Leu in hyrax, manatee and aardvark (Fig. 
2). There is good morphological evidence to place elephant and 
manatee closest together’. This would require one additional 
substitution, most probably a back substitution 72 Leu Val in 
the elephant line. Faster evolving proteins, like myoglobin and 
haemoglobin, might provide better evidence on the phylo- 
genetic relationships among the living paenungulate orders. 

The suggestion that the Tubulidentata should be included in a 
monophyletic superorder Paenungulata is supported by some 
independent osteological and immunological findings. 
Significant morphological resemblances of aardvark to hyraxes 
and elephants has already been noted’*. Interestingly too, 
Tubulidentata, Hyracoidea, Sirenia anc Proboscidea all seem to 
be indigenous African orders, which came into existence during 
the early Tertiary isolation of the continent*”’. 

In agreement with our previous results'”"', the Edentata and 
Paenungulata are consistently placed as the oldest offshoots 
from the main eutherian line (Fig. 2). This is mainly due to the 
absence in these orders of the substitutions 91 Asp» Glu and 
153 Ser+Gly, shared by almost all other eutherian orders 
(Table 1). Such an early divergence of the edentates is in 
agreement with recent opinions about their phylogenetic posi- 
tion*'®, More surprising is the ancient separation of a paenun- 
gulate branch, far from the ungulates. It would in fact cost at 
least 5 additional NRs to place the paenungulates and aardvark 
in the ungulate-cetacean region of the tree. Although the 
paenungulates are usually grouped among the ungulate orders, 
Romer’ states that it is “far from certain that they form a single 
natural group”. 
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Fig. 2 The aardvark~paenungulate region of the most parsimonious phy- 
logenetic trees constructed on the basis of a-crystallin A sequences from 23 
mammalian species (Table 1), and from chicken and frog as outgroups. 
Several equally parsimonious trees are possible, which differ in the precise 
branching pattern of the other placental orders. The inferred amino acid 
substitutions in the aardvark and paenungulate ines are indicated, Numbers 
of nucleotide replacements are given in neighbouring branches. A deletion 
of three residues occurs in the edentate œ A chains. 
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No other protein sequence data are available from aardvark, 
hyrax and manatee to corroborate our proposals. However, the 
sequences of elephant B-haemoglobin, myoglobin and fibrino- 
peptides are known and also fail to group the Proboscidea with 
the ungulates”. 
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Remarkable progress has been made during the past 20 yr in the 
identification of chemical components and receptor sites of 
pheromones of various insects. However, our understanding of 
the physiological and ecological parameters which affect the 
response of individual insects to pheromones remains rather 
limited. Here we report that in apple maggot fly, Rhagoletis 
pomonella, females require experience with oviposition-deter- 
ring pheromone (ODP) before they are able to discriminate 
between ODP-marked and unmarked host fruit. This seems to 
be the first conclusive evidence in an insect that pheromone 
recognition may depend on previous contact with the particular 
pheromone. 

After egg laying in the fruit flesh, a R. pomonella female 
deposits ODP by dragging its ovipositor on the fruit surface’. 
One bout of dragging on a hawthorn (Crataegus sp.) fruit of 
~5mm diameter deters the same or other females from 
ovipositing in that fruit in the field, although the degree of 
deterrence is reduced in the laboratory. Prokopy' suggested that 
the ODP elicits uniform egg distribution among larva! food 
resources, a character which has high survival value in so far as 
only a limited number of larvae can mature in a single fruit. 

We found that recently matured females deprived of host fruit 
until testing did not discriminate between ODP-marked and 
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unmarked hosts. In contrast, females that were allowed access to 
ODP-marked host fruit 1 day before testing generally rejected 
ODP-marked fruit (Table 1, expt 1). To determine whether 
these results stemmed from a difference between females in 
oviposition deprivation or to a difference in previous contact 
with ODP, we placed newly matured wild flies singly in cages 
and treated each fly in one of two ways. 

In treatment A, each fly was presented with and allowed to 
Oviposit in one clean (no ODP), uninfested hawthorn fruit. 
Immediately after oviposition, the fly was transferred using a 
small triangular piece of clean filter paper to a clean uninfested 
apple, where it was allowed to deposit ODP. We directed the 
fly’s course of dragging on this much larger fruit so that it never 
contacted its own pheromone trail with its pheromone receptors 
(tarsal D-hairs)**. We repeated this procedure twice more at 
45-min intervals on day 1. On day 2, we again repeated the 
procedure twice. Forty-five minutes after the second oviposi- 
tion, we presented the fly with a 5-mm diameter hawthorn fruit 
marked with ODP from two dragging bouts by other females. 

Treatment B flies were also allowed to oviposit in three 
hawthorn fruits and drag on three apples on day 1. However, the 
second and third hawthorn fruits offered were m&rked with 
ODP from three previous (~1 h earlier) dragging bouts. If the 
flies rejected the marked fruit, they were presented with clean 
fruit for oviposition. The procedure followed on day 2 was the 
same as for treatment A flies. 

Treatment B (experienced) flies generally rejected ODP- 
marked fruit and accepted clean ones. Treatment A (naive) flies 
readily accepted ODP-marked fruit (Table 1, expt 2a). In 
addition, significantly more treatment A than treatment B flies 
rejected clean fruit presented to them after their rejection of a 
marked fruit. This experiment was repeated, with similar though 
less dramatic results (Table 1, expt 2). 

Prokopy* reported that barometric pressure may affect the 
level of activity and ODP discrimination ability of apple maggot 
flies. In expt 2a and b we found that more flies completed the 
experimental protocol on days with moderate or high 
barometric pressure (229.7 mbar). When we reexamined data 
for expt 26 including only data from days in which we were able 
to test to completion at least four naive and four experienced 
flies, 71% (n = 14) of the naive flies accepted ODP-marked fruit 
compared with 40% (n = 10) which accepted on days when we 
were unable to test four naive and four experienced flies. 

To determine whether flies could obtain necessary 
pheromone experience by contacting their own ODP trail while 
dragging, we repeated the experimental protocol, but did not 
transfer the flies to apples for dragging. All flies contacted their 
own trail an average of 4.4 times (per fruit) while dragging. In 
this case, treatment A flies rejected ODP-marked fruit as 
readily as did treatment B flies (Table 1, expt 3). 

In a final test, we withheld experienced flies from ODP for 
96h (flies were allowed to oviposit and ODP drag, but not 
contact any ODP, three times on each of the 4 days) and found 
that they rejected ODP-marked fruit as readily as did recently 
experienced flies, thus demonstrating the retention of ability to 
recognize ODP for at least 4 days (Table 1, expt 4). Klomp eral. 
reported that Trichogramma embryophagum, a hymenopteran 
parasite of lepidopteran larvae, forgets and must relearn to 
discriminate between parasitized and non-parasitized hosts. 
However, they suggested that their results could be explained by 
the increasing tendency of the wasps to oviposit at increasing 
time of deprivation from oviposition sites. 

Alcock's definition® of ‘restricted learning’, that is, ‘an animal 
acquires a limited piece of information from the environment 
that changes the behaviour of the animal in a precise manner’, 
can be applied to the ability to recognize ODP by apple maggot 
flies. Electrophysiological tests show that the ODP receptors on 
the tarsi fire the first time they contact ODP (L. Bowdan, V. 
Dethier and R.J.P., unpublished data). However, our results 
show that such a message is not translated into a rejection 
response in naive flies. This mechanism may provide flies with a 
means of reducing the cost of continually maintaining an unused 
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Table 1 Response of apple maggot flies to ODP-marked hawthorn fruit before and after experience with ODP 





Experiment Treatment n 
1 No previous host or ODP experience 17 
Previous fruit and ODP experience 20 

2a Treatment A (naive) 29 
Treatment B (experienced) 28 

2b A 24 
B 27 

3 A 16 
B ` 18 

4 96-h ODP deprivation 16 
No ODP deprivation 16 


% Rejection of 
clean fruit after 


% Rejection of rejection of an 


ODP-marked fruit* n ODP-marked fruit 
17.6 (P <0.001) 5 40,0 ONS) 
60 14 14.3 
13.8 (P <=0.001) 17 76.5 (P <0,001) 
64.3 20 10.0 
41.6 (P <0.08) 17 41.2 (P&0.07) 
66.7 21 14.3 
75.0 (NS) 23 47.8 (P= 0.02) 
88.8 18 11.1 
62.5 (NS) 10 20.0 (NS) 
56.3 9 22.2 


* If a fly rejected ODP-marked fruit, we presented it with a clean fruit, If the fly also rejected the clean fruit we disqualified it from this analysis. 


NS, not significant. 


information processing system, because flies may not encounter 
ODP-marked fruit in conditions of high fruit density, low fly 
population or when immature. However, once mature flies have 
oviposited in a single small hawthorn fruit (= native host fruit) 
they may gain, through tarsal contact with their own ODP trail, 
the pheromonal experience needed to activate the system. 

We are carrying out further experiments to determine why 
naive apple maggot flies reject clean fruit more often after 
encountering ODP than do experienced flies. 

We suggest that restricted learning of pheromone recognition 
may be more widespread than is believed. For example, 
Cammaerts-Tricot’ and Le Moli and Passetti® suggested, but did 
not prove, that perception of pheromones by Myrmica and 
Formica ants, respectively, depends on experience, and Vinson 
et al? demonstrated associative learning of kairomonal oviposi- 
tional cues by Bracon mellitor, a parasitic wasp. van Lenteren 
and Bakker’® first demonstrated that Pseudeucoila bochei, a 
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hymenopteran parasite of Drosophila larvae, must ‘learn’ to 
discriminate against parasitized hosts. Their results strongly 
suggest that the key component in the learning process is the 
marking pheromone deposited by P. bochei after oviposition. 
However, because the parasite marks its hosts internally, van 
Lenteren and Bakker were unable to demonstrate pheromonal 
contact, Our study parallels their pioneering work and provides 
the first unequivocal evidence for pheromone learning in 
insects. 
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Inherited abnormalities of colour vision are most commonly 
attributed to abnormalities of the photosensitive pigments in the 
cone cells of the retina’”. Here, we describe direct micro- 
spectrophotometric measurements on the eyes of two squirrel 
monkeys whose colour vision had been shown to differ 
behaviourally. Our results are consistent with classical explana- 
tions of abnormal colour vision. 

Some colour-deficient human observers are dichromats, 
which means that they are able to match any colour with a 
mixture of two primary lights, whereas the normal, trichromatic 
observer requires three variables. It is exactly two hundred years 
since von Gentilly’ * advanced the most natural éxplanation of 
this condition, that the dichromat lacks one of the three types of 
retinal receptor enjoyed by the normal trichromat. It is also one 
hundred years since Lord Rayleigh described* a different 


abnormality of colour vision, anomalous trichromacy. Like the 
normal, the anomalous observer requires three variables in 
colour matching, but in matching a mixture’of red and green toa 
monochromatic yellow light (the ‘Rayleigh match’) he needs 
either more red (protanomalous) or less red (deuteranomalous) 
than the normal. This has been explained by supposing that the 
anomalous retina contains three types of photopigment but that 
the absorbance curve for one of them is displaced along the 
spectrum from its normal position’*""'. Despite much work, 
the exact relationships between the various types of colour 
vision and retinal photopigments are far from settled. Two 
recent developments have led to the present report. First, it has 
been shown that among a population of squirrel monkeys 
(Saimiri sciureus) there occur clear variations in colour 
vision'*"*, Second, the technique of microspectrophoto- 
metry", in which a narrow, monochromatic, measuring beam 
is passed through isolated photoreceptors, has advanced to a 
stage where it is possible to characterize the types of receptor 
within an individual primate retina anc thus relate the results to 
earlier behavioural measurements on the same subject. 

The squirrel monkeys examined ir the present study were 
both adult females of the subtype exported through Iquitos, 
Peru*'; they were drawn from a larger group trained on colour 
vision tests in Santa Barbara, California. The behavioural 
tests’*? were all conducted in a forced-choice discrimination 
apparatus in which the monkeys viewed three circular, trans- 
illuminated panels. They were taught to touch one of the three 
panels which was illuminated differently from the other two, in 
order to receive a 97-mg banana-flavoured food pellet. Which of 
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Fig. 1 Rayleigh match results from squirrel monkeys and humans. The 
match values are expressed as the ratio of the luminance of a red (624 nm) 
light (R,) to the sum of the luminances of the red and green ($36 nm) lights 
(Ri + G.) needed in a mixture to match an equiluminant yellow (585 nm) 
light. The solid circles give the average values for 20 normal human 
trichromats, so categorized by their performances on the Farnsworth- 
Munsell 100-hue test. The horizontal line shows the total range of matches 
made by this sample of subjects. The results for the two monkeys were 
obtained from tests in which they were forced to discriminate between a 
red/green mixture and a yellow. Across repeated test sessions, 21 different 
mixture combinations were tested. The large symbols represent the mid- 
points of the range of mixtures over which they were unable to discriminate 
various red/green combinations from yellow; the horizontal bars enclose the 
mixture range over which their discrimination performances were not 
significantly different from chance (95% confidence level), 


the three panels was positive (that is, differently illuminated) 
varied randomly from trial to trial. 

Results from three tests of vision are reported. First, detection 
thresholds were measured for 540 and 640 nm monochromatic 
test lights superimposed on achromatic backgrounds (3 cd m7), 
One animal (A) was 1.27 log units less sensitive to the 640 nm 
light than to 540 nm, whereas the other (B) was much more 
sensitive to the long-wavelength light, showing a threshold 
difference of only 0.36 log units. Sensitivity variations of this 
magnitude are characteristic of this species’. 

Two further tests specifically examined colour vision. The first 
was a Rayleigh match assessing the relative proportions of 
mixed red (625 nm) and green (536 nm) light that the animal was 
unable to discriminate from a yellow (585 nm) (Fig. 1). Human 
subjects were tested in the same apparatus and the matches 
(mean and total range) obtained from 20 normal trichromats are 
shown in Fig. 1 for comparison. For the monkeys, the symbols 
represent the midpoints of the range over which they were 
unable to discriminate the red/green mixture from the yellow 
and the horizontal bars show the mixture range over which their 
discrimination was not significantly different from chance. It will 
be seen that monkey B required somewhat more green light in 
the mixture than any of the normal human trichromats whereas 
monkey A required much more red. Note also that the mixture 
range that could not reliably be discriminated from yellow was 
very much larger for subject A. 

In another experiment we measured, at each of 10 spectral 
locations, how much the wavelength of a test light had to be 
shifted along the spectrum for the animal to discriminate a 
wavelength difference correctly, The abilities of the two 
monkeys to distinguish wavelengths were very similar for values 
from 450 to ~540 nm (Fig. 2). At longer wavelengths, monkey 
B continued to show relatively good discrimination, but A’s 
discrimination worsened strikingly. 

If we categorize the animals in terms of human vision, then 
monkey A was a protan; we leave open the question of whether 
she was an extreme protanomal or a true dichromat. Monkey B 
requires significantly more green light in the Rayleigh match 
than the normal human trichromat, and we describe her as 
deuteranomalous, but she is less aberrant in this regard than the 
typical human deuteranomalous observer'”. 

The behavioural results were not known to the micro- 
spectrophotometrists (J.K.B. and J.D.M.), nor the micro- 
spectrophotometric data to G.H.J., until the two sets of results 
had been handed to an independent third party. 

The monkeys were flown to Britain, where microspectropho- 
tometric measurements were made with a modified Liebman 
microspectrophotometer’*** under computer control. The 
preparation of tissue was as described for Macaca fascicularis 
by Bowmaker, Dartnall and Mollon'®, Several samples were 
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taken from each retina. The microspectrophotometer was pro- 
grammed to step from 700 to 390 nm in 2-nm steps, taking 
wavelengths with even values, and to return taking the inter- 
leaved wavelengths. A total of 34 individual records were 
obtained from animal A, and 47 from B. 

Figure 3 shows for each animal (1) the mean absorbance curve 
for each class of photoreceptor, excluding short-wave cones, 
which were too few to provide mean spectra, and (2) the 
distribution of peak sensitivities for all individual records. From 
animal A we recorded 2 violet-sensitive receptors (mean À max = 
431.3 nm), 13 rods (mean Amas = 496.4 nm, s.d. = 4.69) and 19 
green-sensitive receptors (mean Amax = 535.4 nm, s.d. = 3.45); 
the longest Amax estimated for any cell of this animal was 
542.5 nm. The mean and standard deviation for the P535 
receptors closely resemble those for the middle-wavelength 
receptors of macaques’*"'*, Because animal A seems to have 
only one photopigment in the red-green range, its behavioural 
sensitivity at 640 nm relative to that at 540 nm should be directly 
predictable from the microspectrophotometric measurements. 
From the mean absorbance values at the two wavelengths we 
estimated log absorptance’” for an axial beam, assuming an 
outer segment length of 304m and a pigment density of 
0.015 ym” and assuming that absorption by the ocular media is 
identical at 540 and 640nm. This calculation predicts a 
difference in log sensitivity of 1.23, very close to the obtained 
value of 1.27. 

From monkey B we recorded one short-wave receptor (Amax = 
427 nm), 24 rods (mean Amax = 501.7 nm, s.d. = 3.58), no recep- 
tors in the vicinity of 535 nm and a broad range of receptors with 
peak sensitivities between 546 and 577 nm. There is no overlap 
between the long-wavelength receptors from this animal and the 
P535 receptors from the protan, a highly significant difference 
(z = 5.63, Mann-Whitney U-test), 

The long-wave receptors of animal B, taken as a whole, have a 
higher standard deviation (8.17 nm) than we should typically 
expect for a single class of photoreceptor in an individual 
primate; and prima facie they fall into two groups, with a gap in 
the distribution at 562 nm (Fig. 3d). The two groups have means 
of 552.2 nm {n = 16) and 568.2 nm (n = 9). The latter value can 
be compared with the mean of 567.0nm obtained for the 
long-wavelength receptors of Macaca fascicularis’®. Our 
confidence in the existence of more than one long-wavelength 
pigment in this animal is reinforced by the fact that the mean 
absorbance spectra for the two subgroups (Fig. 3c) show very 
similar absorbance at short wavelengths and seem to have a 
constant separation; we should not expect this to be the case if, 
say, the large variation in Amas arose from variations in optical 


X= =x Monkey 4 
Onn Monkey 8 





450 500 550 600 650 
Wavelength (nm) i 


Fig.2 Wavelength discrimination functions for two squirrel monkeys. The 

wavelength discrimination values (AA) indicate the magnitude of the 

wavelength change required at each spectral location to support dis- 

crimination between two equiluminant spectral lights at a criterial level of 

70% correct. The values are averages for differences in both spectral 

directions except at 452 nm where the change could only be measured 
towards the longer wavelengths. 
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scattering or in the presence of photoproducts at short 
wavelengths, which would distort the absorbance spectrum. 

As in macaques and man’*”°, the short-wave receptors seem 
to be rare in squirrel monkeys. In the case of the rods there is a 
5-nm difference between animals in Amex, & difference which is 
associated with a small difference in absorbance at short 
wavelengths; we do not know whether the latter difference 
reflects short-wave contaminants or a true difference in the 
absorbance spectrum. 
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Fig.3 a,c, Mean absorbance spectra for different classes of photoreceptor 
in two individual squirrel monkeys. Each datum point corresponds to the 
average of values obtained at two adjacent wavelengths, one value recorded 
in the descending scan (see text) and the other recorded in the ascending 
scan. The absorbance spectra for individual receptors were not normalized 
before averaging. The mean spectra have been normalized to have a 
maximum of 100%. 6, d, Distribution of values of peak sensitivity of 
individual receptors from the protan (b) and deutan (d) animals. The bin size 
is 100 cm~. With the exception of the three short-wavelength receptors, 
values of peak sensitivity were derived as follows. The raw absorbance values 
for individual wavelengths were smoothed using an 11-nm running average. 
The approximate peak of this curve was estimated and each of 50 individual 
(smoothed) absorbance values on either side of the provisional peak was 
referred to an appropriate nomogram to estimate the wavenumber of peak 
sensitivity; this operation amounts to finding where the nomogram must be 
located on a wavenumber abscissa to yield the absorbance value under 
consideration. The mean of the many separate estimates for a given cell is the 
value entered in the histogram. This method resembles that described by 
Bowmaker et al.'°, except that the smoothing and subsequent analysis are 
carried out by the computer and more individual estimates are used. For the 
three short-wavelength records we estimated wavenumber of peak sensi- 
tivity directly from the 2-nm averages (see above) in the restricted range 
400-475 nm, using the frog green-rod nomogram”? 
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This first microspectrophotometric study of behaviourally 
different conspecifics is consistent with classical explanations of 
colour deficiency and anomaly. Within the limits of our samp- 
ling, the severely protan animal lacks entirely the long-wave 
receptors found in macaques'*”’. The deuteranomalous animal 
lacks the P535 receptors found in the protan but probably has 
more than one type of receptor in the range 546-577 nm. 

This work was supported by NIH grant EY-02052 and MRC 
grant 979/219/N. We thank Professer H. B. Barlow FRS for 
holding the two independent sets of data, P. F. Martin and B, E, 
Reese for experimental assistance in Santa Barbara, and 
Mr M, W. Smith for veterinary supervision in Cambridge. 
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Study of parallel processing in the visual pathway’ of the cat has 
revealed several classes of retinal ganglion cells which are 
physiologically distinct and which preject to various locations in 
the brain”. Two classes have been studied most extensively: X 
cells, which sum neural signals linearly over their receptive 
fields, and Y cells, in which the spatial summation is nonlinear’. 
In the cat’s lateral geniculate nuclews (LGN) cells also can be 
classified as X or Y, a result of the parallel projection of retinal X 
and Y inputs to different geniculate neurones’. We report here 
our study of parallel signal processing in the LGN of the 
macaque monkey. We find that (1) monkey LGN cells can be 
classified as X or Y on the basis of spatial summation; (2) X-like 
cells are found in the four parvocellular and the two magnocel- 
lular laminae, whereas Y-like cells are found almost exclusively 
in the magnocellular laminae; and (3) the cells of the magnocel- 
lular laminae have high sensitivity and the parvocellular cells 
low sensitivity for homochromatic patterns, This implies that in 
macaque monkeys the magnocelluiar cells and their cortical 
projections may be the neural vehicle for contrast vision near 
threshold. The cells of the parvocellular laminae seem to be 
primarily concerned with wavelength discrimination and 
patterns of colour. As the human visual system is similar to that 
of the macaque in structure and behavioural performance, our 
findings are probably alse applicable to man. 

In macaque monkeys, as. in man, the LGN is a highly 
organized, layered nucleus. There are four dorsal layers of small 
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cells (parvocellular) and two ventral layers of large cells 
(magnocellular). Previous investigators'”'? concluded that 
there was a complete segregation of X and Y cells in the 
monkey’s geniculate nucleus, the X cells residing in the parvo- 
cellular laminae and the Y cells in the magnocellular laminae. 
These conclusions depended on identifying X and Y cells by the 
time course of response to visual stimulation and the latency of 
response to electrical stimulation of the optic chiasm. Although 
such characteristics have been used to classify X and Y cells in 
the cat LGN*’, a correlation between response time course and 
linearity of spatial summation has not been established for 
neurones of the monkey’s LGN. 

In our experiments we used nine cynomolgus monkeys 
(Macaca fascicularis) anaesthetized with urethane (20 mg per 
kg per h) and paralysed with Flaxedil. The activity of single cells 
was recorded extracellularly using glass micropipettes (tip resis- 
tance, 10-30 MQ). In about half the penetrations the pipettes 
were filled with a saturated solution of Fast Green dye in 
Ringer’s solution to mark the position of the recording elec- 
trode. Electrode tracks were reconstructed from histological 
sections by using the dye marks and distances traversed along 
the track. This was important for assigning a given cell to a 
particular geniculate lamina because laminar boundaries are 
often irregular and the layer 3-layer 2 boundary, which is the 
critical parvocellular-magnocellular boundary, is not accom- 
panied by an eye change. Visual stimuli were produced elec- 
tronically on the face of a CRT™ which subtended 10° by 8° in 
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Fig. 1 Response of an X cell from a magnocellular layer at three 
different positions (spatial phases). The cell was recorded in layer 2 
of the macaque’s LGN. The stimulus was a sine grating of 1.5 cycle 
deg”, 50% contrast, contrast reversed with a sinusoidal time 
course at 2 Hz as indicated at the bottom of the figure. 0° and 180° 
were spatial phases at which the stimulus produced maximal 
responses; 90° was the spatial phase of the null response. The 
vertical calibration, drawn close to the middle histogram, is 30 
impulses per second. 
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Fig. 2 Contrast sensitivity in the macaque’s LGN. This drawing is 
traced from a single 100-ym thick section of the LGN. The 
parvocellular laminae are numbered 6, 5, 4 and 3 and the magno- 
cellular laminae 2 and 1. The parvocellular cells all had lower 
contrast sensitivity than did the X and Y cells of the magnocellular 
laminae. A reconstructed electrode track is shown; the two dark 
circles represent green dots left by the electrode at sites where (1) a 
typical parvocellular X cell of low sensitivity was recorded in layer 
4 and (2) a typical magnocellular X cell of high contrast sensitivity 
(>50) was recorded in layer 2. The latter was the first cell of high 
contrast sensitivity found on this track. 


visual angle. In some experiments a CRT with a P31 (green) 
phosphor was used, in others a CRT with a P4 (white) phosphor 
with no difference in results. The mean luminance was 20-60 cd 
m~’, in the low photopic range. The pupils were dilated to 
~6-mm diameter and the eyes protected with clear plastic 
contact lenses. In several experiments Wratten colour filters (no. 
26, red; no. 61, green; no. 48A, blue) were placed in front of the 
CRT to check whether linearity of spatial summation depended 
on the colour of the screen, 

Cells were classified as X or Y by means of their response to 
sine gratings, patterns in which the luminance varied sinusoi- 
dally with position in one dimension. The contrast of the gratings 
was reversed with a sinusoidal time course**”. A cell was called 
X if it responded to low and high spatial frequency patterns as if 
it received input from a single linear receptive field mechanism. 
This means that an X cell would respond to contrast reversal of 
the grating at the temporal modulation frequency, and its 
response would exhibit a sinusoidal dependence on the position 
(or spatial phase) of the grating**°. A cell was called Y if it 
responded to low spatial frequencies approximately like an X 
cell, but revealed only nonlinear behaviour at higher spatial 
frequencies. The nonlinear behaviour looked for, based on our 
experience with cat Y cells, was frequency doubling of responses 
to contrast reversal. In monkey Y cells, as in the cat, a 
frequency-doubled response was present at all positions of the 
grating. Classification of cells as X or Y did not depend on the 
colour of the screen in the experiments with Wratten filters. That 
retinal ganglion cells in the monkey can be classified as X or Y 
has been previously reported’*. Thus, in the monkey, as in the 
cat, retinal ganglion cells confer their characteristic properties 
on their geniculate targets. 
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Cells classified as X by above criterion were found in all 
laminae of the macaque’s LGN. Figure 1 shows the responses of 
a magnocellular X cell to the stimulus of a 1.5 cycle deg™ sine 
grating undergoing contrast reversal with a sinusoidal time 
course at 2 Hz. Responses at three different positions or spatial 
phases are shown: at 0° spatial phase there was a maximal 
response, at 90° no response, and at 180° the response peaked 
again. 

Almost all the parvocellular celis recorded were X cells (225 
out of 226 cells recorded and assigned to the parvocellular 
laminae by histological reconstruction of tracks); only one was a 
Y cell. Most of the magnocellular cells recorded were also X cells 
(59 out of 77 cells assigned to the magnocellular layers); the rest 
were Y cells, Thus, our results show that magnocellular cells do 
not form a homogeneous class with respect to spatial summation 
properties. Similar results have been reported in preliminary 
form elsewhere’. 

We next investigated functional differences between parvo- 
cellular and magnocellular cells by comparing their contrast 
sensitivities. Contrast sensitivity was determined as the 
reciprocal of the contrast required to give a modulated discharge 
with an amplitude of 5 impulses per second in response to a 
drifting sine grating. The spatial frequency of the grating was 
varied from 0 to 10 cycle deg’, and the peak contrast sensitivity 
for each cell was determined. The parvocellular cells had much 
lower peak contrast sensitivity than the magnocellular cells. The 
parvocellular cells had a peak contrast sensitivity of 10. Both X 
and Y cells in the magnocellular laminae had a peak contrast 
sensitivity of approximately 75. The contrast sensitivity of 
magnocellular cells was high enough that it might account for the 
behavioural contrast sensitivity of Macaca fascicularis”. Figure 
2 shows that the magnocellular layers are the site of high 
contrast sensitivity and the parvocellular laminae contain cells 
which are relatively insensitive to luminance contrast. Our 
discovery that parvocellular neurones have low contrast sensi- 
tivity is consistent with previous evidence that these cells analyse 
colour'®!?°", Note that peak contrast sensitivity did not show 
a strong dependence on the colour of the CRT screen in the 
experiments with Wratten filters. 

The contrast sensitivities of cells in the magnocellular laminae 
of the monkey are comparable with those of cells in the A and 
A1 laminae of the cat LGN. As the parvocellular X cells were far 
less sensitive to contrast, the proposed homology between the X 
cells in the parvocellular laminae of the monkey and X cells in 
the cat LGN'°"!? is not compelling. A closer homology exists 
between the X and Y cells of the magnocellular laminae and the 
X and Y cells of the cat LGN. The parvocellular laminae of the 
monkey's LGN, and their retinal inputs, seem to form a visual 
neural pathway which is not present in cats. 

This work was supported by grants EY1472, EY188 and 
EY1428 from the US NIH. R.M.S was supported by a Career 
Development Award and E.K. was partially supported by a NIH 
Academic Investigator Award and by a grant from Fight for 
Sight Inc. 


Received 8 April; accepted 25 June 1981. 


. Enroth-Cugell, C. & Robson, J. G. J. Physiol., Lond. 187, 517-552 (1966). 

Rodieck, R. W, A. Rev. Neurosci. 2, 193-225 (1979). 

Lennie, P, Vision Res. 20, 561-594 (1980). 

. Hochstein, S. & Shapley, R. M. J. Physiol., Lond, 262, 237-264 (1976). 

Shapley, R. M, & Hochstein, S. Nature 286, 411-413 (1975). 

Cleland, B. G., Dubin, M. W. & Levick, W. R. J. Physiol, Lond. 217, 473-496 (1971). 
Hoffmann, K. P., Stone, J. & Sherman, S. M. J. Neurophysiol, 35, 518-51 (1972), 

So, Y. T. & Shapley, R. M. Expl Brain Res. 36, 535-550 (1979), 

So, Y, T. & Shapley, R. M. J. Neurophysiol. 48, 107-120 (1981). 

10. Dreher, B., Fukada, Y. & Rodieck, R. W, J. Physiol, Land. 288, 433-452 (1976). 

11. Sherman, S. M., Wilson, J. R., Kaas, J. H. & Webb, S. V. Science 192, 475-477 (1976). 
12. Schiller, P. H. & Malpeli, J. G. J. Neurophysiol. 41, 788-797 (1978). 

13, Shapley, R. M. & Rossetto, M. Behav. Res. Meth. Instrum. 8, 15-20 11976). 

14. De Monasterio, F. J. Neurophysiol. 41, 1394-1417 (1978). 

15. Kaplan, E. & Shapley, R. M. Invest. Ophthalmol. vis, Sci. suppl. 19, 41 (1980). 

16. Shapley, R. M. & Kaplan, E. Neurosci. Abstr. 6, 583 (1980). 

17. Blakemore, C. B. & Vital-Durand, R. Trans. ophthaimol Soc. U.K. 99, 363--368 (1980). 
18. Lennie, P. & Derrington, A. M. Invest. Ophthalmol. vis. Sci. suppl. 20, 14 (1981). 

19. DeValois, R., Morgan, H. & Snodderly, D, M. Vision Res, 14, 75-81 (1974). 

20. Wiesel, T. & Hubel, D. H. J. Neurophysiol, 29, 1115-1156 (1966). 

21. DeValois, R. & DeValois, K. in Handbook of Perception Vol. 5, 116-168 (1975). 


CRI AAR we 











Two genes interact to centrol develop- 
ment of a lymphoid/erythroid 
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We have previously established the presence of a gene in mice 
(called Lus)' which is dominant for the suppression of cyto- 
stasis, an experimental assay of cell-mediated immunity’. Here 
we describe the definition of a gene (segregating independently 
of Lus) that, in combination with the dominant gene Lus”, is 
homozygous recessive for a lymphoid hyperplastic disorder of T 
and B cells. We have called this gene Arp. The disease invelves 
abnormalitities of lymphopoietic and other organs, and could be 
a model system for regulatory defects of the immune system. 

‘Cytostasis’ is an in vive/in vitre assay of cell-mediated 
immunity’. In our experiments mice were sensitized by 
injections of allogeneic lymphoid cells’, After 14 days we tested 
lymph node cells from sensitized mice in an in vitro cytostasis 
assay, using tumour cells as target cells. 

Cytostasis is assayed by the uptake of radioactive thymidine 
by the tumour cells and is positive if uptake is inhibited by the 
effector cells. Both T and B cells (A. M.-R., L. DeG. and H. F., 
in preparation) are capable of causing cytostasis. Allogeneic 
cytostasis following sensitization across the H-2 barrier usually 
gives a positive result. However, we noted that whereas 
immunization of CBA/H (H-2") mice with BALB/c spleen 
cells led to the production of cytostatic effectors against SL2 
(H-2") tumour cells (a spontaneous Thy-1-positive DBA/2 
lymphoma), immunization with B10.D2 (also H-~2°) spleen cells 
failed to generate anti-H-2° effectors in the CBA/H (H~2*) 
recipients. Mating B10.D2 with BALB/c mice produced F, 
hybrids whose spleen cells also did not stimulate the production 
of cytostatic effector cells, suggesting the presence of a dominant 
suppressor gene in the B10.D2 mice. This finding was further 
studied and confirmed using (B10.D2 x BALB/c)F, x BALB/c 
backcross mice up to the fourth generation’ and beyond. 
Approximately 50% of backcross mice from each generation 
failed to stimulate the production of cytostatic effectors and 
were therefore carrying the cytostasissuppressor gene Lus” (ref. 
1 and Tables 1, 2). These were selected for further backcrossing 
to BALB/c, to develop a strain congeneic with BALB/c at the 
suppressor locus. This was done up to the tenth generation 
backcross. 

After the fourth backcross mating, we first noted the 
appearance of the hyperplastic disorder with abnormalities in 
the lymphopoietic and other organs in ~50% of 3-4-week old 
mice carrying the suppressor gene (Table 2), that is, cytostasis~ 
negative mice. The disorder was manifested by gross hyperplasia 
of the thymus, spleen (Fig. 1), Peyer’s patches and lymph nodes. 
There were concomitant histopathological changes in these 





su 


Fig. 1 Spleen and thymus from hyperplastic (right) and non- 
hyperplastic (left) cytostasis-negative littermates. Note the 
approximate 10-fold difference between the size of the organs. 
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Table 1 Data demonstrating the effects of the suppressor gene on the generation of cytostasis in CBA/H (H-2) mice 





cpm. +s.d. of SL2 (H-2°) tumour targets cultured with: 


immunizing Be Mice 


Sth generation Cyts(+) 28,727 + 2,618 
Sth generation Cyts(—) 28,724 + 2,618 
Sth generation Cyts(~) with hyperplasia 28,724 + 2,618 
6th generation Cyts(+) 56,582 + 840 
6th generation Cyts(—) 56,582 + 840 
6th generation Cyts(—) with hyperplasia $6,582 + 840 
Tth generation Cyts(+) 33,060 + 1,472 
Tth generation Cyts(~) 56,582 +840 
7th generation Cyts(—) with hyperplasia 56,582 + 840 


Normal lymphocytes 


% Inhibition 


Immune lymphocytes of tumour growth 


10,383 +648 64 
28,828 + 1,680 0 
29,3794 1,131 8 
20,378 + 811 64 
$7,054 + 3,188 0 
64,1234 6,047 9 
17,558 + 1,416 47 
54,665 + 2,196 4 
$3,053 + 2,728 7 





CBA/H mice were immunized intraperitoneally with 10’ spleen cells obtained by biopsy from each backcross mouse, which was earmarked. 10-20 days after 
immunization, spleen cells were removed from the immunized mice under anaesthesia and cultured at a ratio of 10:1 with (SL2) tumour targets of DBA/2 origin in RPMI 
medium containing 5% fetal calf serum and antibiotics. Normal CBA/H lymphocytes were used as controls. The cultures were maintained for 48 h at 37 °C ina 4% CO,, 
10% N., 86% O, atmosphere. Tritiated thymidine was then added and the cultures were incubated for a further 16 h. The uptake of isotope, which was largely that of the 
tumour targets, was then measured and the inhibition of tamour growth calculated according to the following formula 


% Inhibition = 100 


c.p.m. of tumour cells + immune lymphocytes 





x 100 


cpm. of tumour cells + normal lymphocytes 


Cyts(+) and Cyts(—) are, respectively, mice producing and failing to produce cytostatic effector cells. 


tissues (Fig. 2a, b) as well as lymphocytic and metamyelocytic 
accumulations in the liver (Fig. 3) and hyperplasia of the bone 
marrow, There was marked general thymic hyperplasia and 
thymic medullary hypercellularity (‘thymitis’) in the T lymphoid 
system, accompanied by paracortical hyperplasia of the lymph 
nodes. Evidence of germinal centre development was also seen 
in spleens and lymph nodes of affected mice, and plasma cells 
were abundant in the lymph node medullae. 

The hypercellularity of bone marrow and spleen was due to 
two components: haemopoiesis, both erythroid and myeloid, 
and enlargement of malpighian follicles with occasional 
germinal centre formation (spleen), The presence of excess 
stainable iron was particularly evident in spleens of mice 
affected with the disease. There was no evidence of lymphoid or 
haematopoietic malignancy. 

These lesions therefore represent a dyshaematopoiesis asso- 
ciated with lymphoid hyperplasia of both T and B lymphoid 
components (T more marked than B). Aspects of this patho- 
logical picture are consistent with the disorder being due to a 
primary haemolytic process or autoimmune disorder—with 








Fig. 2 Splenic impressions from hyperplastic and non-hyper- 

plastic cytostasis-negative littermates. Note the presence of large 

numbers of blast cells with nucleoli (a) compared with pre- 

dominantly mature leukocytes in the smears made from the non- 
hyperplastic spleens (2). 











Fig.3 Section of liver showing focal infiltration with metamyelo- 
cytes, 


secondary hyperplasia as in NZB mice’. Although this disease is 
debilitating, fatality in affected mice observed up to 6 months 
was not greater than in controls. 

As this lymphoproliferative syndrome was found in approx- 
imately half of the cytostasis-negative mice (those with the Lus* 
cytostasis suppressor allele) from all backcross generations 
(Table 2), the involvement of a second gene in the control of the 
disorder was suggested, and was designated Arp. The syndrome 
occurs only in Lus*-positive mice and so presumably Lus* 
interacts epistatically with Arp. Because the disease occurs in 
50% of the Lus“-positive mice, the genotypes of the diseased 





Table 2 Unigencic segregation of the cytostasis suppressor gene allele Lus® in 
(B10.D2 x BALB/c)F, x BALB/c backcross mice 





No, of No. of 

Backcross* No. of Be mice Be mice No. 
generation mice tested Cyts(+) Cyts(—) hyperplastic 

1 8 3 5 

2 12 6 6 

3 18 9 9 NT 

4 16 9 7 

5 50 21 29 14 

6 46 22 24 10 

7 20 9 11 6 

8 21 10 19 5 

9 17 9 8 4 

10 12 6 6 3 

Total 220 47% 53% {47%)t 





Segregation was assayed by the capacity of the backcross mouse (H-2°) spleen 
cells to inhibit stimulation of cytostatic effectors in CBA/H recipients (H~2*) 
against SL2 (H-2? tumour target cells) and with the second gene (Arp) producing 
the hyperplastic disorder in Cyts(~) backcross mice. NT, not tested. 

*The same BALB/c male was mated with (B10.D2 x BALB/c)F, females and 
four healthy Cyts(—) females selected from each backcross generation through to 
the tenth backcross. 

+47% of Cyts(~—) mice from the fifth and subsequent backcross generations 
presented a lymphohyperplastic syndrome described in the text. 
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B10.D2 BALB/c 
LUS? / LUS? LYS? 7 LUS? 
ARP? / ARP™ ARP? / ARP 


(B10.D2 x BALB/c) Fy 
Lus® / LUS? 
ARP? / ARP 


(B10.D2 x BALB/c) Fy x 





BALB/c 
ae 
LUS? / LUS? | 
ARP ARP J 


Cytostasis - 


LUSË / LUS? 
ARP? / ARP 
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no disease 





no disease disease 


pus? /Lus® | | Lust / Lus? Lus® / LISP | | LUS® / LUS 
ARP? / ARP ARP? / ARP ARP? / ARP ARP” / ARP 








b 








Fig. 4 Proposed genotype of B10.D2, BALB/c, (B10.D2 x 
BALB/c)F; and backcrosses to BALB/c mice, with respect to the 
allelic expression of Lus* (suppressor) and Arp” protector (or 


Arp’/ Arp” recessive hyperplastic) genes. Lus*:  cytostasis 
suppressor (heterozygote co-dominant); Lus”: cytostasis 
enhancer; Arp“: protector against hyperplastic disorder 


(heterozygote co-dominant); Arp”: inducer of hyperplastic dis- 

order (recessive homozygote). Genotype Lus*/Lus’ Arp” J Arp? 

suggests that epistasis of recessive Arp’/ Arp? and co-dominant 

Lus” is needed to produce the hyperplastic disorder, or that 

protector Arp’ is aco-dominant allele preventing the development 
of the hyperplastic disorder. 


mice with respect to the second gene must by Arp’/Arb’, and 
Lus“ and Arp genes segregate independently. Figure 4 shows 
the segregation of these genes and the proposed phenotypes of 
the parental strains and the crosses. (The disease is produced 
when the Arp’ gene from BALB/c is homozygous and asso- 
ciated with Lus*.) There is no evidence of linkage of these genes 
to sex chromosome genes (data not shown). 

We found that the disease was present in several mice of the 
first generation backcross, but was missed in the early matings of 
the first backcrossing programme. If female cytostasis-negative 
mice were randomly selected for backcrossing, there would be a 
probability of 1/16 that after four generations Arp* would still 
be segregating. However, these odds are increased because we 
selected for healthy mice (Arp*/Arp” heterozygotes) for back- 
crosses. Also, we selected for coloured coats, and Arp” might be 
linked to a coat colour gene. When the disease appeared, only 
healthy non-hyperplastic mice that failed to stimulate the 
production of cytostatic effectors were then selected for further 
matings. Two genetic traits were thus simultaneously selected, 
one associated with Lus“ (cytostasis suppressor) and the other 
with Arp* (a healthy mouse). This selection procedure allowed 
for segregation of these two genes in all successive backcross 
matings, resulting in the same proportional representation of 
sick and healthy mice carrying Lus* at each future generation. 

The way in which a genetic marker for a gene silent in its 
original context can, on transfer to a different genetic back- 
ground, bring about a hyperplastic syndrome is intriguing. One 
can envisage that a human analogue of the suppressor gene may 
be transmitted to offspring with defective regulatory genes and 
thus promote neoplastic or hyperplastic cellular transformation. 

We thank Dr J. A. Habeshaw for providing histopathological 
evidence and Dr P. Rogers and Professor G. D. Pegrum for 
helpful discussions. This work was partly supported by the 
Cancer Research Campaign of Great Britain and the Locally 
Organised Research Scheme of the North East Thames 
Regional Health Authority. 
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Cooperative interaction of B 
lymphocytes with 
antigen-specific helper 

T lymphocytes is MHC restricted 
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To produce antibody, bone-marrow-derived (B) lymphocytes 
generally require the synergistic action of a thymus-derived (1) 
lymphocyte, termed a helper T cell (Thb. The interaction of Th 
with B cells is antigen specific and requires that both the T and 
the B cell be specific for physically linked antigenic. deter- 
minants?. More recently it has been demonstrated in numerous 
systems that the interaction of Th and B ceils is governed by 
antigens encoded within the major histocompatibility complex 
(MHC), such that Th and B cells must be identical in the I region 
of the MHC in order to cooperate efficiently’*. This finding has 
been termed MHC restriction. However, studies using popu- 
lations of T cells as a source of Th coald be influenced by the 
presence of alloreactive T cells, suppressor T cells and other 
T-cells subsets, thus making interpretation difficult. Moreover, 
it has been proposed‘ that MHC restriction governs not the 
interaction of Th with B cells, but rather the interaction of Th 
cells with antigen-presenting cells (APCs), whereafter the 
interaction of Th with B cells is said to be unrestricted. We have 
now attempted to clarify this situation by examining the inter- 
action of soft agar colonies and clones of antigen-specific, 
MHC-restricted proliferating T cells’* with purified B cells 
using several different assays. We conclude that the antigen- 
specific cooperative interactions between Th and B cells are 
themselves MHC restricted, and that B cells bearing the wrong 
MHC-encoded antigens cannot be activated by addition of 
APCs matched to the Th cell but differing from the B cell at 
MHC. 

As a source of Th cells, we have used BALB/c (H-2°) and 
BALB-B (H-2°) T cells primed with hen’s egg albumin (OVA), 
cloned in soft agar and propagated in vitro according to Sredni et 
al.’. Evidence that these cells were antigen specific and MHC 
restricted in their proliferative responses is presented else- 
where’. The cells were then tested for their interaction with B 
cells in three different assays. 

When antigen-specific, MHC-restricted T-cell colonies are 
treated with mitomycin C and added to B cells purified by 
elution from goat anti-mouse immunoglobulin (GaMIg) plates” 
or by treatment of spleen cells with anti-Thy-1.2 antiserum and 
complement, intense B-cell proliferation ensues in the presence 
of specific antigen, peaking 48 h after initiation of the culture. 
This is not classically an assay for T-cell help, but seems rather to 
measure the polyclonal activation of B-cell proliferation by T 
cells. The data in Table 1 show that this response is antigen 
specific (furthermore, the response did not occur in the presence 
of 100 pg ml”? keyhole limpet haemecyanin), MHC restricted 
between T and B cells, and cannot be overcome by addition of 
mitomycin C-treated spleen cells as a source of APCs syngeneic 
to the Th but allogenic to the B cells (Table 14). Figure 1 showsa 
second experiment in which the Th cclony cells are titrated . In 
this instance, some induction of allogeneic B-cell proliferation is 
seen in the presence of mitomycin C-treated syngeneic spleen 
cells, but it is much less than that observed when Th and B cells 
are MHC matched, and is relatively little influenced by Th~-cell 
dose. Although allogeneic B cells can be stimulated to. proli- 
ferate in this manner, the response is meagre at best and occurs 
only in some experiments. Thus, we conclude that Th cells will 
induce B-cell proliferation in the presence of antigen, and that 
this interaction is MHC restricted largely or entirely between the 
Th and B cells themselves. 
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Table 1 Induction of B-cell proliferation by OVA-specific T-cell colonies and clones is antigen specific and MHC restricted 





a, BALB/c B-cell proliferative response* (A c.p.m.) with colonyt number: 


Antigen added Aja Ada CSb D2b Cla Normal BALB/c T cells 
0 (7,700)¢ (9,500) (4,400) (7,200) (3,800) (3,400) 
100 ug ml’ OVA 111,200 120,800 83,400 76,100 69,800 900 
b, B-cell proliferative response to OVA (A c.p.m.) using B cells from: 
Cloned cells BALB/c (H-2%) BALB-B (H--2°) BALB-B+ BALB-K (H-2*) BALB- K+ 
tested BALB/c (mito)$ BALB/c {mito} 
Cla 58,500 (17,400) 4,800 (22,000) 4,900 ~ 1,900 (31,000) 3,000 
Cla 19,900 (2,000) 1,506 (4,300) NT 3,200 (3,700) NT 
CIGI} 63,400 (48,600) NT NT 5,400 (54,600) NT 





* Normal T cells (the non-adherent fraction collected after incubation of spleen cells on goat anti-MIg antibody-coated dishes”) or T-cell colonies were incubated (30 min 
at 37 °C) with mitomycin C (30 pg mi”), which effectively blocked DNA synthesis, and 2-4 x 10* cells were added to 4 x 10° B cells prepared by adherence to goat anti-Mlg 
antibody-coated dishes” (a, A3a, Ada, C5b, D2b and normal T cells; b, experiments of lines 2 and 3), or by treatment with anti-Thy 1.2 and complement (a, Cla; b, 
experiment of line 1). Cultures were pulsed with 1 pCi 3H-thymidine (60 Ci mmo!"') after 48 h, and collected 3 h later. 

+ BALB/c OVA-specific T-cell colonies were prepared as described by Sredni et al.’ with the following modifications: T cells were prepared by passage over Ig-anti-Ig 
columns'5, and the clones were stimulated with 5x 10° mitomycin C-treated spleen cells every 5-7 days. Colonies were tested 2-3 months after cloning. By 
immunofluorescence tests all cloned cells were Thy1.2*, Lyt-1.2%, Lyt-2.2>. 

4 Background c.p.m. in the absence of antigen are shown in parentheses, and have been subtracted from responses. NT, not tested. 

§2x 10° mitomycin C-treated BALB/c spleen cells were added to the cultures. 

| Colony Cla was grown in bulk culture on B10-G spleen stimulator cells plus 20% T-cell growth factor (TCGF) (v/v) in the absence of OVA or H~2" stimulators for 3 
weeks, and then recloned by limiting dilution on BALB/c mitomycin C-treated spleen cells with 20% TCGF and OVA (200 wg m!”'). After 2-3 weeks six subclones were 
isolated, of which CIGI is an example. 








Table 2 Induction of B-cell proliferation by normal T cells or T-cell colonies and clones mediated by rabbit anti-mouse brain antiserum 





a, B-cell proliferative response* (Ac.p.m.) with colony number: 


Serum added A3a Ada C5b D2b Cla Normal BALB/c T cells 
NRS (7,700) (9,500) (4,400) (7,200) (3,800) (2,900) 
RaMBr 70,600 122,400 110,000 116,500 24,100 45,000 


b, B-cell proliferative response (A c.p.m.) using B cells from: 
Cloned cells tested: BALB/c (H-2°) BALB-B (H-2°) 


Cla 16,200 (2,000) $0,200 (4,300) 
CIGI 83,800 (31,900) NT 


BALB-K (H-2) 
13,900 (3,700) 
38,400 (42,00) 





Colony preparation was as described in Table 1 legend. 

* Mitomycin C-treated T cells were incubated with B cells and pulsed with °H-thymidine after 48 h as described in Table 1 legend, but in these experiments, instead of 
OVA, normal rabbit serum (NRS) or rabbit anti-mouse brain (RaMBr) antiserum absorbed with mouse liver (x3) were added to the cultures at a final dilution of 1: 100. 

+ Background c.p.m. with NRS are shown in parentheses and have been subtracted from the responses with RaMBr to calculate A c.p.m. 


’ 





fis Two objections could be raised to these experiments. The first 

80 Fá is that the Th cells might in some way be suppressing the 
7 response of allogeneic B cells, and the second is that this 

i Pa response does not represent help, which involves both B-cell 

70 ri bg proliferation and differentiation to antibody-forming cells’. We 

| m4 have therefore performed two further sets of studies to deal with 

, these potential objections. In the first, Th- to B-cell interactions 

[ oa were initiated not with antigen but with rabbit anti-mouse brain 

2 / antiserum (RaMBr), which activates T-cell proliferation in the 
S sol 7 a presence of B cells in a non-MHC-restricted fashion''. We have 
2 / subsequently shown that it can also induce B-cell proliferation 
Xoo FS and polyclonal antibody production 48 h after initiation of 
g + P culture in the presence of mitomycin C-treated Lyt-1*, 2° T 
fe cells. Because the T-cell colonies we have prepared are surface 
A Ig”, Thy-1*, Lyt-1*, 27, we treated them with mitomycin C and 


added therm to purified B cells in the presence of normal rabbit 
serum (NRS) or RaMBr. Both normal BALB/c T cells and 
antigen-specific, MHC-restricted T-cell colonies induce a 
potent, polyclonal B-cell proliferative response in the presence 
of RaMBr but not NRS (Table 2), and this response is both 
T-cell dependent and unaffected by the MHC genotype of the 
responding B cell (Table 2b). Thus, these studies demonstrate 
that both normal T cells and MHC-restricted T-cell colonies can 
activate allogeneic B cells via RaMBr. It therefore seems 
unlikely that the failure of allogeneic B cells to respond to 
antigen in the presence of cloned T cells is due to some inhibitory 
effect of the T cells, but rather that it represents MHC-restricted 











mammarine 
12.5 75.0 30.0 
No. of Cla cells (x 1073) 


Fig.1 BALB/c Tova colony cells (Cla) were treated with mitomycin C and 
titrated for their ability to induce proliferation in purified, non-immune, 
spleen B cells either in the absence (open symbols ~~ -) or presence iclosed 
symbols —-) of 2x 10° mitomycin C-treated BALB/c spleen cells added 
with OVA (100 ug mi!) as a supply of syngeneic antigen-presenting cels. 
4x 10° B cells of the following strains were tested: BALB/c (0), BALB/K 
(O) or BALB/B (A). A control in the absence of B cells was performed (¥). 
After 48 h the cultures were pulsed with "H-thymidine and the results are 
expressed as A c.p.m., the difference between the response stimulated by 
OVA and controls in the absence of antigen. 





activation of B cells by T cells. 

To examine this question further, the ability of B cells to be 
induced to produce specific antibody by such Th cells was 
examined in an in vitro response to the hapten phos- 
phorylcholine (PC) coupled to OVA, a system previously used 
by Bottomly and Jones’? to explore the regulation of idiotype 
expression. In the present experiments, two colonies, one 
derived from BALB/c (H~2°) and the other from the MHC- 
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congeneic line BALB-B (H-2"), were tested for their ability to 
help BALB/c or C57BL/6J (H-2°) B cells. Furthermore, to test 
critically whether Th to B interactions were MHC restricted, we 
mixed purified B cells from the two strains with T-cell colonies of 
one type, cultured for 5 days with antigen, and assayed the 
plaque-forming cells (PFCs) before and after treatment with a 
monoclonal anti-H-2.5 antibody and rabbit complement. H-2.5 
is present on H-2” but not H-2° cells, and thus the genotype of 
each PFC could be determined. If restriction operates at the 
level of Th to APC, and the genotype of the B cell is irrelevant as 
has been proposed’, then in these mixtures half of the PFCs 
should be H-2.5 positive and half negative, independent of the 
MHC restriction of the Th cells. In fact, although there is some 
nonspecific killing of PFCs by the antibody, as shown in the 
syngeneic mixtures, it is clear that there is little or no coopera- 
tion between Th cells and non-self B cells in this experiment 
(Table 3). One cannot argue, in this instance, that we have not 
added the necessary APCs, as a perfectly good PFC response is 
obtained in both cases. This experiment thus demonstrates 
conclusively that the MHC-restricted interaction in cooperation 
between Th and B cells in the response to soluble hapten—carrier 
conjugates occurs between Th and the B cells themselves, and 
does not involve non-MHC-restricted activation of B cells by Th 
cells via APCs. 

B cells bear large amounts of Ia antigens on their surfaces’. 
The interaction of Th with B cells is known to be restricted by Ia 
antigens*'*, We interpret the present studies as showing that the 
function of these Ia molecules is to promote the interaction of Th 
cells with their appropriate target cells, the B cells. APCs also 
have Ia on their surface, and it is clear that Th-like cells can also 
interact with antigen in the context of APC Ia . Perhaps APCs, 
being non-antigen specific, are especially important for the 
initial activation of Th cells, after which Th cells preferentially 
interact with B cells bearing both the specific antigen bound by 
the B cell’s immunoglobulin receptor and the appropriate la 
antigen. Thus, MHC restriction is seen as providing the Th cell 
with a mechanism of finding antigen only on the surface of those 
cells with which it can functionally interact, namely, B cells and 
APCs. If Th- to B-cell interactions were not themselves MHC 
restricted, this interpretation would not make sense. However, 
the present studies show that this interaction is indeed MHC 
restricted between Th and B cells. 

The present report also describes two convenient and rapid 
methods for measuring Th- to B-cell interactions in proli- 
feration assays. The polyclonal B-cell response to antigen in the 
presence of both Th colonies and cloned Th is not fully under- 
stood. Because it requires 1,000 times as much antigen as the in 
vitro specific anti-PC PFC response to PC-OVA, it may be that 
all B cells acquire a small amount of antigen at high antigen dose, 
independent of their immunoglobulin receptor, and thus can be 
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Table 3 Cooperation between OVA-specific T-cell colonies and B cells is MHC 
restricted in the response to PC-OVA 





Anti-PC-PFCs per 10° B 


cells with Th colony 
Treatment H 2 Béd 112 D4b 
B cells to PFCs 0 (H-2°) (H-2°) 

BALB/c (H-2°) 0 3 112 10 
BALB/c Y-3+C — 75 (33%) — 
C57B1/6 (H-2°) 9 1 8 106 
C57B1/6 Y-3+C ~ == 2 (98%) 
BALB/c +C57BL/6 0 — 153 191 
BALB/c+C57BL/6 Y-3+C m 102 (33%)  18(91%) 
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B cells were normal spleen cells treated with anti-Thy-1.2+C followed by 
anti-Lyt-1.2+ anti-Lyt-2.2 plus C. 3x 10° viable cells placed in 1 mi culture with 
0.1 pg mi~™? PC-OVA and 10° helper T cells. Five days later, plaque-forming cells 
(PFCs) were evaluated on PC-coupled sheep red blood cells. Values represent 
means of triplicate cultures. After culture, cells were treated with rabbit comple- 
ment, or with monoclonal anti-H-2.5 antibody Y-3, which was raised ina BALB ie 
anti-H-2" immunization and kills 100% of H-2” spleen cells to a titre of 1: 10%, 
but does not react with H-2°. Helper T-cell colonies from BALB/c or BALB-B 
mice were prepared as described in Table 1 legend. Numbers in parentheses 
give per cent reduction in PFC response after treatment with anti-H-2° mono- 
clonal antibody and complement. 





induced to respond by the Th cells. If this is the case, it might 
imply that the immunoglobulin receptor is not involved in this 
form of B-cell proliferation. We are now investigating the role of 
the immunoglobulin receptor in this response, and also whether 
such cells subsequently secrete immunoglobulin. The assay 
involving RaMBr is reported in detail alsewhere. We forsee a 
role for this assay in assessing T- and B-cell function in man, as 
RaMBr-mediated T to B interactions do indeed lead to 
immunoglobulin production (J. P. Tite and B.J., unpublished), 
and because the interaction is not MHC restricted, the assay 
could be used between any two individuals. 

We conclude that the interaction of Th cells with B cells is 
antigen specific and is itself MHC restricted. This conclusion 
supports the notion that Ia on B cells is critically important in 
promoting appropriate interactions with la-restricted helper T 
cells. 

This work was supported by NIH grant AI-14579. We thank 
Kim Bottomly for performing the experiments in Table 3, Pat 
Conrad for providing TCGF, and Don Murphy for providing 
most of the mice used in the genetic studies under grant CA- 
16359 to the Yale Comprehensive Cancer Centre, C.A.J. Jr is 
an investigator at the Howard Hughes Medical Institute. 
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Complement component C1 is composed of three subcom- 
ponents, Clq, Cir and Cis (refs 1, 2). The problem of which 
cells produce C1 in vivo has been controversial, and many cell 
types*™” have been reported to synthesize these molecules. 
Material antigenically similar to Clq was reported’® to be 
synthesized and secreted by human and rat fibroblast cell lines. 
Reid and Solmon™ subsequently showed that C1 haemolytic 
activity was secreted into the medium of cultured human fibro- 
blast cell lines, and that the form of the C1q was unwsual in that it 
had an apparently higher molecular weight than did Ciq iso- 
lated from normal serum. As fibroblasts are an abundant. cell 
type, this observation suggested that they might be a major 
contributor to serum Clq, secreting Clq precursor, pro-Ciq. 
We describe here a genetic defect of serum Cig, Homozygotes 
for this defect do not produce functional plasma Clq, although 
they seem to produce normal fibroblast Cig. Heterozygotes 
produce both normal and defective serum Cig. This suggests 
that different genes code for the chains of Ciq produced by 
fibroblasts and for those produced in serum. 
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Fig. 1 Family tree showing the inheritance of the gene respon- 
sible for the production of the non-functional serum Clq. This 
condition appears to behave as an autosomal recessive in which 
both affected siblings, II 1 and II 2, are homozygous for the 
defective gene, and both parents and sibling II 4 are heterozygous. 
Skin biopsies were obtained from II 1 (SSF) and II 2 (RKF). 


A family has been described’? in which two siblings are totally 
deficient in serum C1q activity. The eldest child, a boy, suffers 
from a lupus-like syndrome and glomerulonephritis. The 
younger sister shows no evidence of nephritis clinically, but has 
cutaneous vasculitic lesions of the face and hands. Both children 
have a non-functional, but immunologically cross-reacting 
serum Clq. The normal and defective C1q in the family can be 
distinguished on Ouchterlony double-diffusion gels’?. The 
defective serum Clq is slightly less mobile on SDS-polacryl- 
amide gel electrophoresis (PAGE) in non-reducing conditions 
than is normal Clq (K.B.M.R., unpublished results), as shown in 
Fig. 3a. In addition, the patients’ serum Clq behaves 
anomalously compared with normal Clq on a Sephadex G-200 
column, and can be separated in non-dissociating conditions. Of 
two other siblings, one is entirely normal, and the other, 
apparently heterozygous, has both functional and non- 
functional Clq. The parents are first cousins, and they also have 
functional and non-functional Clq. Figure 1 shows the family 
tree. 

To determine whether the fibroblasts of these patients 
produce the haemolytically inactive Clq that is found in their 
serum, we established skin fibroblast cultures, designated SSF 
(male) and RKF (female), from each of the two affected 
homozygous siblings. Human fibroblasts, designated Bu, froma 
Clq normal individual were used as the control culture. Cells 
were grown for 7 days in RPMI 1640 medium in the presence of 
10% inactivated fetal calf serum (FCS), and the samples from 
days 0 and 7 compared. The FCS was inactivated by heating at 
56 °C for 45 min, which destroys most, but not all, of the bovine 
C1 haemolytic activity. As seen in Fig. 2, SSF and RKF cultures 
gave the same titres of C1 haemolytic activity as did the control 
fibroblasts. Assay conditions indicated that these fibroblasts 
were producing Cir and C1s, in addition to active Clq, a finding 
consistent with previous work"', 

To characterize the structure of the fibroblast Clq produced 
by the serum Clgq-deficient patients, immunoprecipitates 
derived from the supernatants of labelled cultures of SSF, RKF 
and Bu were compared on SDS-PAGE (Fig. 3a, b). These 
cultures were also assayed for haemolytic activity and found to 
be positive. 

Cold carrier serum Clq was added to each sample of labelled 
fibroblast medium before immunoprecipitation. The immuno- 
precipitates were run on SDS-PAGE in reducing and non- 
reducing conditions. Figure 3a shows the positions of the cold 
carrier serum Clq, after protein staining. The reduced sample 
(lane 1) shows the three chains of serum Clq, A, B and C, at 
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apparent molecular weights 34,000, 31,000 and 27,000 (refs 13, 
14), and the heavy and light chains of the rabbit immunoglo- 
bulin. The non-reduced sample (lane 2) shows the A~B and C-C 
dimers of C1q and the intact rabbit immunoglobulin. Figure 36 
shows an autoradiograph of the whole gel. As found previously 
with fibroblast cultures'’, the larger-molecular-weight Clq does 
not enter the gel in the non-reduced form (lanes 5-7). When 
reduced, the radioactively labelled Ciq immunoprecipitates 
from the three fibroblast cultures (lanes 2-4) all show the same 
two bands, with apparent molecular weights of 47,000 and 
42,000. These same two bands were previously shown to be 
synthesized by fibroblasts’’. Both reduced and non-reduced 
samples show radioactive bands near the top of the gel. The 
identity of these bands is not certain, but they are probably 
fibronectin which could bind to the collagenous part of the cold 
carrier Clq, present in the immune aggregates, in a similar 
manner to the binding of fibronectin to denatured collagen (see, 
for example, ref. 15). 

The results clearly indicate that the Clq secreted into the 
medium of the fibroblast cultures, derived from the two serum 
Cl1q-deficient siblings, has haemolytic activity comparable with 
that of the control culture. The radiolabelled immunoprecipi- 
tates from the culture medium also show no apparent differences 
between the patients and the control. 

If fibroblasts were a major source of serum Clq, patients with 
a non-functional circulating Clq might be defective in a gene 
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Fig. 2 Assay of component C1 haemolytic activity of day 0 
control, and day 7 medium collected from fibroblast cultures of 
Butler (Bu), RKF and SSF. Preparation of the buffers and reagents 
used in the haemolytic assays was performed as described by Reid 
et al.®, Aliquots (100 pl) of doubling dilutions of the cell culture 
media were incubated with 100 ul of EAC4 cells (1x 10° 
cells ml~*) at 30 °C for 20 min, and then spun down at 2,000 r.p.m. 
for 10 min. The cell pellet was resuspended in assay buffer and 
incubated at 30°C for 40 min, then component C2 (0.1 ml, 200 
effective mol ml~') was added and the mixture incubated at 30°C 
for 15 min. 0.1 ml of EDTA buffer, pH 7.4, was added and finally 
0.2 ml of guinea pig serum, diluted 1/30 with isotonic buffer, 
pH 7.4, containing EDTA, was added and incubated at 37 °C for 
30 min. After addition of 1.0 ml 0.15 M NaCl, the mixture was 
spun at 2,000 r.p.m. for 10 min and the degree of lysis determined 
by reading the A412 of the supernatant. O, Bu; A, RKF (female); 
©., SSF (male); A, day 0 control. 
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Fig.3 a, The three fibroblast cell lines, Butler, RKF and SSF, were labelled over 72 h with 100 pCi 35g. methionine, 16.3 pCi **C-proline and 16.3 pCi “C-glycine 
per flask of 2x 10° cells. The radioactive amino acids were added directly to the medium containing inactivated FCS. A solution of carrier subcomponent Clq, 
prepared according to Reid?” (30 ul of 3.8 mg mi~'), was added to the 30 ml culture medium collected from the three fibroblast cell lines. The medium was made 
10 mM with respect to EDTA, and then concentrated to ~4 ml in an Amicon Diaflo 50-ml cell using a PM10 membrane. The concentrate was mixed with enough 
heat-inactivated rabbit anti-human serum subcomponent C1q to precipitate all the unlabelled carrier subcomponent Ciq added. The rabbit anti-Ciq was prepared 
according to Reid et al.1. The concentrate plus antiserum was incubated at 37 °C for 2 h, and then at 4 °C overnight. The immunoprecipitate formed was washed five 
times with 0.3 ml of 10 mM EDTA/150 mM NaCl, pH 7.4. After the final wash the samples were electrophoresed on a polyacrylamide gel in the presence of SDS as 
described by Fairbanks er al.'*. The gel was stained for 1 h and then destained overnight. Lane 1, cold reduced serum Clq, lane 2, non-reduced cold serum Cig. 
Molecular weight markers ('*C-methylated protein mixture CFA.610, Radiochemical Centre) were myosin (MW 200,000), phosphorylase b (100,000 and 92,500), 
bovine serum albumin (69,000), ovalbumin (46,000), carbonic anhydrase (30,000) and lysozyme (14,300). Standards were run in reducingconditions. The mobility of 
the defective serum Clq in non-reducing conditions is indicated on this gel. This was determined in a parallel experiment (K.B.M.R., unpublished results). X and Y 
correspond to what are thought to be the A-B and C-C dimers of the abnormal serum Clq. b, The gel was impregnated with diphenyloxazole in dimethyl sulphoxide 
by the method of Bonner and Laskey’, dried and exposed to RP Royal X-Omat film at —70 °C for 2 weeks. Lane 2, reduced Bu; 3, reduced REF; 4, reduced SSF; 
5, non-reduced Bu; 6, non-reduced RKF; 7, non-reduced SSF. 


coding for a processing enzyme of fibroblast C1q. In this event, 
one could not expect the heterozygote parents and sibling to 
have normal as well as abnormal circulating Clq, as co- 
dominant expression is not expected with a defect in a process- 
ing enzyme. Thus, these results strongly suggest that a cell type 
other than fibroblasts is responsible for the synthesis of serum 
Clq, and that there are distinct genes for the fibroblast Clq and 
serum Clq. The products of these genes would be two anti- 
genically and physicochemically different Clq molecules. 

We thank Dr R. H. R. White for permission to study these 
patients, and Drs M. Crumpton, P. N. Goodfellow and W. F. 
Bodmer for helpful discussions. 
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Complete hydatidiform mole is an abnormal human pregnancy 
with grossly swollen chorionic villi, usually with a 46,XX karyo- 
type, and with a propensity to malignancy’. The XX moles 
originate from fertilization of an ‘empty egg’ (resulting from 
either enucleation or inactivation of the female pronucleus) by a 
haploid sperm and its subsequent duplication””’, a process called 
diploid androgenesis. XY moles, although infrequent, are of 
special interest because their origin must differ from that of the 
XX moles. Two XY moles have been studied for their origin, but 
the results were inconclusive’*. We describe here a study of four 
XY moles, and provide evidence that they result from the 
fertilization of an empty egg by two haploid spermatozoa. 

The macroscopic and microscopic findings of the four XY 
moles were indistinguishable from those of XX moles. The 
karyotypes of cells cultured from the molar tissue of the four 
patients were 46,XY. Q- and R-band chromosome hetero- 
morphisms’, histocompatibility leukocyte antigen (HLA) 
specificities, phosphoglucomutase 1 (PGM,) and esterase D 





© 1981 Macmillan Journals Lid 

















552 Nature Vol, 292 6 August 1981 
Table 1 Mode of inheritance of heteromorphic features in XY moles 

Chromosomal heteromorphisms* HLA Enzyme variants 

Age* Karyotype 3 4 13 14 15 21 22 A B PGM, ES-D 
Mat 23 yr 46, XX ab aa aa ab ab aa ab 2,9 w51, w52 2-1 2-1 
A {Pat 25 yr 46, XY! aa aa aa aa be rabr tabs 9,11 40, w21 1-1 2-1 
Mole 67 days 46, XY: aa aa aa aa ce ‘ab! tab! 99 40, 40 1-1 2-2 
Mat 27 yr 46, XX aa aa aa aa aa aa ab 1,2 40, 39 2-1 2-1 
B 4 Pat 27 yr 46;XY: aa aa ab] tbe: tbe: aa 9,11 7,13 ic o l 
Mole 65 days 46, KY: aa aa aa nbe! tbe! aa 11,11 BI 1-1 1-1 
Mat 23yr 46, XX aa aa ab ab ab ab aa 22 w51, 40 1-1 2-1 

C «Pat 27 yr 46:X¥: Tab aa be aa ac ab. Jab) 2.9 40, 40 Pt) fan 
Mole 72 days 46XY: tabi aa bb aa co} tab! tabs 2,2 40,40 lial a 

ae json onl Maa ten colt Ép fe wa d 
"Mat 21 yr 46, XX ab aa ab ab aa ab ab — ~ 1-1 1-1 
D4 Pat 22 yr 46,.XY: ac aa ed tac: lab! bb be = » 1-1 1-1 
Mole 122 days 46, XY" ec aa i hac! jab! bb ee — ig 1-1 1-1 








* Age at expulsion (days after last menstrual period in hydatidiform mole). 


+ a, b, cand d are symbols and do not represent specific heteromorphisms. —, Neither of maternal markers transmitted to the mole, indicating its androgenetic origin. (J, 


A paternal market transmitted in duplicate to the mole |7; 


tat? 


(ES-D) genotypes were studied in the four XY moles and their 
parents. HLA-A and -B specificities were studied using 
peripheral blood lymphocytes from the parents and cultured 
molar fibroblasts by the standard National Institutes of Health 
two-stage microcytotoxicity test®. PGM; and ES-D genotyping 
was carried out on parental red cells and on uncultured molar 
villi with starch gel electrophoresis”. These genetic markers 
were reliable in our hands in the study of the origin of XX moles 
(ref, 2 and unpublished data). The chromosomal markers are 
situated close to the centromeres and thus are usually free from 
meiotic crossing-over, while HLA and enzyme gene loci are 
situated relatively far from the centromeres, and thus may 
occasionally be subject to cross-over and resulting recom- 
bination. 

The results of these studies are shown in Table 1. Mole A 
inherited both chromosomes 15 and HLA-B specificities 
exclusively from the father. Similarly, mole B showed an 
exclusively paternal inheritance of both chromosomes 15 and 
21, as well as HLA-A and -B specificities. Mole C inherited both 
chromosomes 15 from the father. Mole D inherited pairs 3, 13 
and 22 exclusively from the father. Thus, all four moles were 
androgenetic in origin. Further, each of the four moles had both 
homozygous (a paternal marker transmitted to the mole in 
duplicate) and heterozygous (both paternal markers transmitted 
to the mole) genetic markers. The fact that both homozygous 
and heterozygous chromosomal heteromorphisms were ob- 
served in each of the four moles indicates that the moles resulted 
from dispermy, that is, entry of an X and Y sperm into an ‘empty 
egg’. Entry of a diploid spermatozoon resulting from tetraploid 
spermatogonia cannot be ruled out but is less likely. The results 
of the HLA studies do not support the cytogenetic findings, but 
this could well be a chance occurrence (one in eight). 

We are aware of 121 complete moles karyotyped since 1977: 
80 by us and 41 in the literature***"°. This, excluding an 
isolated case report’, would give five XY moles out of 120 
karyotyped, a rate of 4%. Dispermy would result in XX, XY and 
YY sex chromosome constitution, at a 1:2:1 ratio. YY moles 
are lethal, while XX dispermic moles are not. Therefore, some 
2% of XX moles would also be the product of dispermy, a 
variety yet to be identified. 

Mole B in our series is worthy of comment. The human 
chorionic gonadotropin (HCG) level in the mother remained 
high after expulsion of the mole, and roentgenography 8 weeks 
after expulsion revealed in the right lung a 15 x 13 mm rounded 
shadow not seen before. Chemotherapy was started and the 
urinary HCG level fell to normal in 10 weeks, while the 
pulmonary shadow remained unchanged 18 months after 
treatment. We proposed that the propensity to malignancy of 
complete moles is associated with single chromosomal mutation 


Both of paternal markers transmitted to the mole. A, B, C, D refer to the four moles studied. 


that is of necessity homozygous in the 46, XX variety’. This 
explanation might only apply to the XY dispermic moles, in 
which each spermatozoon would contribute the same 
chromosomal segment carrying the causative mutation. It would 
be interesting to know whether such a propensity is more 
prevalent in one of the two classes of complete mole’'. 

This work was supported by Grants-in-Aid for Cancer 
Research and for Scientific Research from the Ministry of 
Education, Science and Culture of Japan. 
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RNA is synthesized at the nuclear cage 


D. A. Jackson, S. J. McCready* & P. R. Cook 
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The photomicrographs of ‘genes in action’ taken by Miller and 
colleagues strikingly illustrate transcription of eukaryotic genes 
by RNA polymerase moving along the DNA‘. Although 
completed transcripts may be associated with sub-nuclear 
structures’, the view that a mobile polymerase processes along 
the DNA remains unchallenged. Here we examine an alter- 
native view—that transcription occurs as DNA passes through a 
transcription complex fixed to a sub-nuclear structure, and we 
show that transcribed sequences are closely associated with a 
sub-nuclear structure that we call a nuclear cage. 

When nuclei are isolated by conventional procedures, their 
DNA is invariably broken, mainly by endonucleolytic nicking". 
However, if living cells are lysed in a detergent, 2 M salt and 
chelating agents, structures are released which resemble 
nuclei”, Such nucleoids contain naked histone-free DNA 
packaged within a flexible cage of RNA and protein. Some 
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Fig. 1 Cage-associated DNA is enriched in sequences complementary to 
nucleoid RNA. Four different samples of cage-associated DNA containing 
100% (sample 1), 35% (2), 14% (3) and 5% (4) of the DNA associated with 
undigested nucleoids were labelled by nick-translation, denatured and the 
per cent of the DNA forming a hybrid with an excess of nucleoid RNA 
determined. Nucleoids (prepared from cells labelled with 3H-thymidine) 
were incubated with various amounts of EcoRI and the cages, and any 
associated DNA, sedimented free of unattached DNA‘. The pellet was 
solubilized in proteinase K and SDS and the amount of DNA remaining cage 
associated determined by scintillation counting. The cage-associated DNA 
was purified, completely fragmented with EcoRI to yield populations of 
fragments with similar sizes'* and labelled by nick-translation®' using H- 
dCTP (58 Ci mmo!) to yield products with specific activities of 50-70 x 10° 
d.p.m. per ug. After heat denaturation, these single-stranded probes had 
sizes between 100 and 200 nucleotides (determined by gel electrophoresis). 
RNA was purified from nucleoids and hybridized in excess (RNA: DNA, 
50 mg ml”!: 25 ng mi~’) to the labelled DNA and the per cent of the DNA 
forming a hybrid determined essentially as described by Levitt er al”. 
Self-annealing of the probe, in the presence of an excess of tRNA, never 
exceeded 2% and has been subtracted from the values presented. During the 
very long incubation required to achieve high equivalent Cy? values, <5% of 
the probe became acid soluble. 


nucleoid proteins resemble those of various sub-nuclear struc- 
tures isolated by other workers'*"’. Their DNA, which is 
looped by attachment to the cage, is supercoiled and so must be 
unbroken. Therefore, these nucleoids might be expected to 
contain unbroken RNA. 

We first studied whether DNA close to the cage was richer 
than total DNA in transcribed sequences. Four types of DNA 
were prepared by incubating HeLa nucleoids with various 
amounts of EcoRI; then cages, and any associated DNA, were 
sedimented free of detached fragments to yield pellets which 
retained various amounts of DNA". This cage-associated DNA 
was purified and hybridized with total nucleoid RNA (Fig. 1). 
(As nucleoids contain all the nuclear RNA, this is equivalent to 
nuclear RNA.) The cage-associated DNA hybridized to a 





greater extent than total nuclear DNA (sample 1), for example, 
23% of the DNA from cages which retained 5% of the total (that 
is, sample 4) is complementary to nucleoid RNA. Assuming that 
only one strand is transcribed, about half this sample of cage- 
associated DNA contains transcribed sequences——a remarkable 
enrichment. 

We next determined whether nascent RNA was attached to 
the cage. When HeLa cells are incubated with *H-uridine for 1 
or 15 min, >95% of the cellular radioactivity which is insoluble 
in trichloroacetic acid subsequently co-sediments with nucleoids 
(unpublished results and ref. 4). We tested the possibility that it 
is entangled in the cage network or the high concentration of 
DNA by determining whether it could be detached with DNA 
from the cages. Cells were labelled with [Me-'*C}thymidine 
(0.005 pCi mi~’; 56 mCi mmol™’) for 24h, followed by `H- 
uridine (10 pCi ml‘) for 2.5 min. (Actinomycin D 
(0.08 pg mi™*) was present during, and 30 min before, the °H 
pulse to suppress ribosomal RNA synthesis'’,) Nucleoids were 





Fig.2 RNA isattached to the cage. a, An electron micrograph of a nucleoid 
spread by Kleinschmidt’s procedure’? illustrating the cage and the skirt of 
tangled DNA fibres. b-d, Autoradiographs of spreads” after labelling: 6, 
HeLa cells in vivo for 24 h with [Me - H]thymidine (58 Ci mmol”! 0.05 pCi 
ml"); c cells in vive for 2.5 min with (5,6-?FJuridine (46 Ci mmol’; 250 
aCi mi~’); d, nucleoids in vitro by transcribing nucleoids for 15 min using 
E. coli RNA polymerase (see ref. 21; 3 units per assay: [$,6-°HJUTP, 52 Ci 
mmo!”!, 20 pCi mi~’), The reaction was stopped by the addition of NaCl to 
2.0 M. So that silver grains can be easily seem and counted in b-d, DNA is 
shadowed but not stained and can be seen only at higher magnifications. 
Nascent RNA cannot have been torn from the DNA.—-and so lost-—during 
the violent spreading because the same total aumber of grains lie over the 
DNA of spread and unspread nucleoids (results not shown). Scale bar, 5 wm. 
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Fig. 3. RNA is attached at the 3’ end. a, A simple model for labelling and 
cutting RNA attached at the S’end. (1) A completed strand of RNA (-——) is 
attached at its 5' end to the cage. Cells are labelled for 2 min with “C-uridine 
(x) followed by 1 min with *H-uridine (@). (2, 3), Some nascent RNA 
molecules complete synthesis after the addition of C but before the 
addition of `H, so becoming only ‘C-labelled, whereas others (4-6), which 
initiate during the pulses, become labelled with both **C and "H. Digestion 
with ribonuclease (that is, cutting between x and x’) detaches ‘“C and °H in 
roughly equal proportions. Therefore, on digestion, the ratio (% 3H remain- 
ing): (% `C remaining) remains at about unity. b, An array of molecules 
labelled as in a are attached at the 3’ end. Cutting between y and y' detaches 
14C hut not °H: therefore, the ratio i greater than unity. These models are 
gross oversimplifications and we use them only to illustrate whether or nota 
label becomes enriched. c-e, The 3' end of nascent RNA resists detachment 
by ribonuclease. HeLa cells (5 x 10’ ml™') were incubated at 37 °C with 
(U-“C]uridine (490 mCi mmol!™') and [5,6-*H]uridine (46 Ci mmol™!) as 
indicated, Actinomycin D (0.08 pg mi~’) was present 30 min before, and 
during, the labelling, Labelling was stopped by the addition of 50 vol ice-cold 
phosphate-buffered saline containing 10 mM uridine, the cells were pelleted 
and washed, and nucleoids isolated and diluted to 0.2 M NaCl and ~2 x 
10° ml" with 10mM Tris (pH8.9). They were then incubated with 
pancreatic ribonuclease (2-500 ngm ml”') for 0-30 min at 37°C and the 
reaction was stopped by addition of NaCl to 2 M. The per cent of label 
remaining associated with cages was determined by filtration?™®. Control 
experiments using mixtures of labeled RNA and nucleoids showed that 
88% of the RNA could be filtered free of the cages. Labelling was for: c, 
2min with “C-uridine (2 wCimi~') followed by 1 min with *H-uridine 
(200 pCi ml); d, 3 min with both *H-uridine (200 pCi mi) and C- 
uridine (2 pCi ml”); e, 2 min with *H-uridine (100 pCi ml”') followed by 1 
min with '*C-uridine (4 pCi ml™?), In these conditions sufficient label was 
incorporated to be counted accurately; for example, filters bearing undiges- 
ted nucleoids contained about 10° and 2x10? d.p.m. of °H and “*C, 
respectively. 
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isolated, incubated with EcoRI and the amount of the two labels 
remaining associated with cages was determined after filtering 
them free of detached DNA”’. In one typical experiment, when 
90% of '*C (that is, DNA) was detached, <5% of the °H (RNA) 
was lost. (A control experiment showed that >80% of the 7H 
but none of the ‘C could be detached by ribonuclease.) 

A second experiment confirms that nascent RNA is not simply 
entangled in DNA. When nucleoids are spread on an 
air/aqueous interface their DNA, initially confined within the 
cage, forms a huge skirt which is attached to, and surrounds, the 
collapsed cage? (Fig, 2a). If RNA were entangled in DNA we 
would expect its distribution to reflect that of spread DNA. The 
latter is obtained from autoradiographs of spreads prepared 
from cells containing uniformly labelled DNA (Fig. 26): 55% of 
the DNA is outside the cage””. However, when cells are pulse- 
labelled with 7H-uridine for 2.5 min, >90% of the grains lie over 
the cage in each of 20 spreads selected at random (Fig. 2c). This 
is so whether or not the DNA has been lightly y ray-irradiated 
(9.6 J per kg) to release supercoils”"* (results not shown). 

The following controls demonstrate that RNA made in vitro 
can escape with the DNA from the cage and does not stick 
nonspecifically to the cage network. RNA was synthesized in 
vitro by incubating nucleoids with Escherichia coli RNA poly- 
merase, *H-UTP and the appropriate precursors”'. The tran- 
scripts co-sediment with the nucleoids?’ and are spread by 
Kleinschmidt’s procedure; 34% of the autoradiographic grains 
are found over the skirt (Fig. 2d). Furthermore, digestion with 
EcoRI (using conditions which detached 79% of the DNA) 
detaches 75% of this RNA labelled in vitro so that it can then be 
filtered free of the cages. (The conditions for transcription and 
filtration are described in the legends to Figs 2 and 3.) This RNA 
made in vitro is not as tightly associated with the cage as that 
synthesized in vivo. We next determined whether this tight 
association was specific. 

A ‘cap’ containing methylated bases is synthesized at the 5’ 
end of nascent RNA as transcription begins’?**. Therefore, 
3H-methionine can be used to label caps; however, this label is 
also incorporated into proteins, DNA and other methylated 
bases within RNA chains, especially into those within ribosomal 
RNA molecules. We suppress the latter using actinomycin 
D'*3_ We established what proportions were incorporated into 
these different fractions by labelling cells for 15 min with `H- 
methionine. Of the label in nucleoids, 75% was solubilized by 
proteinase K and SDS, and so must be in protein, and 23% was 
recovered in RNA (Table 1). As others have found**”®, 36% of 
the label in RNA was in caps, the remainder being in internal 
residues within the original RNA chains (control sample in 
Table 1). 





Table 1 Distribution of incorporation of °H label into different fractions on 





labelling RNA 
Amount label remaining (c.p.m. x 107°) 
Control RNase treated 
Initially in nucleoids 600 (100%) 600 (100% } 
In RNA 138 (23%) 68 (11%) 
In internal residues in RNA 90.2 (15%) 24.6 (4.1%) 


In caps in RNA $0.0 (8.3%) 48.2 (8.0%) 





Cells were labelled for 15 min with L-[Me-"H]methionine (50 pCi mi”’; 
78 Ci mmol™'), and nucleoids isolated and diluted to 0.2 M NaCl and 2 x 10° mi"! 
with 10 mM Tris (pH 8.0)*?". Actinomycin D (0.08 ug mi~ +} was present 30 min 
before, and during, the labelling. Nucleoids were then incubated with or without 
pancreatic ribonuclease (5 pg ml”) for 15 min at 37 °C, the reaction was stopped 
by the addition of NaCl to 2 M and the nucleoids were pelleted through a cushion 
of 7.5% sucrose containing 2M NaCl. The pellet was digested with deoxyri- 
bonuclease (5 xg ml”) for 20 h and then proteinase K and SDS"*, Next, RNA was 
purified™ and the proportion of label in caps and internal residues in the RNA was 
determined after digestion with RNase A and T2 followed by column chromato- 
graphy: mononucleotides and caps eluted in fractions containing +1 and +5 
charges, respectively"?7>"*. The amount of 7H in the different fractions is given in 
the table with percentages in parentheses. The amount of RNA detached (75%) by 
the ribonuclease from the pelleted cages was determined from an identical 
experiment in which cells were labelled with [5,6 H]uridine (46 Ci mmol”; 
10 Ci mi) rather than the *H-methionine. 
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Fig. 4 A model for transcription. a, A fixed complex transcribes DNA 
between p and q. b,c, RNA is synthesized as DNA passes through the 
complex, the nascent RNA chain being attached at both ends forming a loop. 
Transcription of a helical template—itself attached to the cage—to yield 
attached transcripts poses a number of topological problems. If the poly- 
merase rotates about the helical axis then the transcript can be separated 
from its template during synthesis by cutting one and passing the other 
through the cut (there is a precedent for cutting RNA during ‘splicing’). 
Alternatively, a fixed topological relationship might be maintained between 
the cap and 3' end, perhaps by attaching both to the polymerase, so that if 
one rotates then so does the other. If DNA rotates, then supercoiling is 
inevitably induced elsewhere in the DNA and must be stored or released (for 
example by a nicking—closing activity). 


If nascent RNA is attached at its 5’ end, caps should resist 
detachment by ribonuclease. Therefore, we incubated `H- 
methionine-labelled nucleoids with sufficient ribonuclease to 
detach 75% of nascent RNA. Next, cages and any associated 
RNA were sedimented free of detached RNA and the amounts 
of label in the different fractions determined (Table 1). The 
ribonuclease treatment did not affect the quantity of label 
recovered in protein or DNA (results not shown) whereas it 
halved that in RNA. This reduction was almost entirely due to 
the loss of label in internal residues with negligible loss in caps. 
Therefore, removal of 75% of the body of the chain detaches 
few, if any, caps. 

We have attempted to demonstrate attachment at the 3’ end 
as follows, Cells were incubated for 2 min with “*C-uridine and 
then for 1 min with "H-uridine. The doubly labelled nucleoids 
were then incubated with ribonuclease, the detached RNA 
removed by filtration and the percentage of the labels remaining 
associated with the cages determined. If RNA is attached at 
random, ‘*C and °H will be detached from the cages in equal 
proportions, that is, the normalized ratio (% °H remaining): (% 
*C remaining) will remain at unity independently of the amount 
of '*C remaining. On the other hand, if the 3’ end is attached, 
detachment of RNA will lead to a relative enrichment of *H: the 
ratio will increase above unity as the amount of ‘*C remaining 
decreases (Fig. 3a, b). (Attachment at both ends cannot be 
distinguished from 3’ attachment using this labelling regime.) 
The results are consistent with attachment at the 3’ end because 
the 7H resists detachment. For example, removal of all but 30% 
of °C leaves 54% of °H (thus, the ratio in Fig. 2c is 54:30 = 1.8). 
Experiments with simultaneous labelling and label reversal (Fig. 
3d, e) rule out labelling artefacts. 

Three points should be borne in mind in discussing these 
results. First, we are concerned mainly with heterogeneous 
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nuclear RNA as we have generally labelied in actinomycin D to 
suppress ribosomal RNA synthesis, Second, our pulse times 
should label many unfinished molecules. [Heterogeneous 
nuclear RNA—1,500-50,000 nucleotides**—is synthesized at 
~§,000 nucleotides per min (ref. 27)], The third point concerns 
the anchorage by polymerases of 3’ ends to DNA and so to the 
cage. We would expect polymerases to dissociate from the DNA 
in the 2 M NaCl used to make nucleoids and although nucleoids 
contain no polymerase activity’, we cannot preclude anchorage 
by some—perhaps undiscovered—subunit of the polymerase. 
However, if polymerase does hold the 3’ ends in this way, it must 
do so close to the cage because neither transcript nor its template 
is readily detached by EcoRI. 

We have demonstrated that transcribed sequences are closely 
associated with a sub-nuclear structure ‘hat we call the nuclear 
cage. Furthermore, nascent RNA is attached at the 5! cap-~and 
perhaps at the 3’end—to the cage. The striking micrographs 
illustrating polymerases processing along the DNA unattached 
to any larger structure are obtained only after disruptive 
spreading or with unusually hyperactive genes which may be 
very special cases. (For example, lampbrush loops and amplified 
ribosomal genes in amphibian oocytes.) 

A trivial explanation is consistent with our results. Perhaps 
nascent RNA, which is synthesized throughout the nucleus in 
vivo, sticks to the cage when nucleoids are prepared, We think 
this extremely unlikely: nearly all this RNA would have to stick 
specifically at the 5’ end and remain stuck during filtration or 
spreading, even though the control experiments show that RNA 
synthesized in vitro has little if any, affinity for nucleoids. A 
second explanation is that a polymerase initiates at the cage and 
moves away to yield a transcript attached at its cap. However, 
this cannot readily explain why, in the presumed absence of 
polymerase, the 3’ end resists detachment by ribonuclease. 
Alternatively, transcripts may be generated as DNA passes 
through a fixed transcription complex to yield transcripts 
attached at both ends (Fig. 4). Whichever proves to be correct, it 
seems that the cage must have an important role in transcription. 
As replication is initiated by attaching sequences to the cage” 
(see also refs 28, 29), perhaps genes are also activated during 
differentiation by attachment. 
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The Drosophila melanogaster actin genes comprise a dispersed 
multigene family’? of six genes, one at each of six scattered 
chromosomal loci (refs 1,2 and unpublished observations). 
These genes encode the Drosophila actins I, II and HI™*, which 
can be separated in the isoelectric focusing dimension of two- 
dimensional gels. Actins I and HI have been found in all tissues, 
with actin HI an unstable species except in adult thorax’, while 
actin I, the most acidic form, appears during larval myogenesis 
both in vivo and in vitro**. Some actins therefore seem to be 
developmentally regulated. If individual members of a multi- 
gene family are regulated at the transcriptional level, this implies 
that developmental mechanisms of gene regulation can be 
elucidated by comparing gene family members. We report here 
a pattern of transcriptional activity of the D. melanogaster actin 
gene at the 79B chromosomal locus. Our results suggest that the 
79B actin gene encodes actin 1, the larval muscle-specific actin, 
and that actin I is synthesized initially as a precursor. The 
precursor co-migrates with cytoplasmic actin at the position of 
actin II and is subsequently acetylated to form actin I. 

Because actin is a highly conserved proteinf, the DNA 
sequences encoding the protein cross-react with great efficiency, 
both within actin gene family members of a particular organism 
and between different species’””'°, and so the gene sequences 
themselves cannot be used to detect the transcript of any one 
individual gene. We therefore isolated a specific probe from the 
transcribed, but non-translated 3’ portion of the 79B actin gene 
and used it to investigate the transcriptional activity of the 79B 
gene at different stages of Drosophila development. We also 
used this probe to select homologous mRNA from a hetero- 
geneous mRNA population. The message which bound to this 
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Fig.1 Physical map of the actin gene at the 79B cytological locus, 
This 2.8-kb HindIII DNA fragment from phage A insert DNA! 

containing the 79B actin gene was subcloned into the plasmid 
pBR322 as described previously’. The locations of restriction 
endonuclease sites within the plasmid insert are indicated. The 
dashed line and arrow indicate the amino acid-encoding region of 
the plasmid and direction of transcription as determined by DNA 
sequence analysis * . The Aval-—Hindlll fragment at the 3’ end of 
the gene delineated by the dotted line was used as the gene-specific 
probe for the 79B actin gene. The DNA sequence from the 3’ end 
of the amino acid-coding region to the Aval restriction 
endonuclease cleavage site at the beginning of the gene-specific 

probe is shown. 





$ Present address: Department of Molecular Biology and Biochemistry, University of 
California, Irvine, California 92717, USA. 
$ To whom reprint requests should be addressed. 





probe was then eluted, translated in vitro and the translation 
products electrophoresed on two-dimensional gels to 
distinguish between actins I, H and III. 

Several clones representing the 79B actin gene were isolated 
from a bank of Canton S DNA cloned into phage A by Maniatis 
and co-workers'’, using our original actin clone Kla (ref. 1) as 
probe. The presumptive coding region of each as identified by 
homology to Kla was subcloned into pBR322. The 79B cyto- 
logical locus of origin’? was established by in situ hybridization’? 
of a *H-labelled cRNA probe synthesized using as template a 
subclone representing a region flanking the actin protein-coding 





Fig.2 Autoradiogram illustrating hybridization of the 79B gene- 
specific probe to genomic DNA from Canton S embryos. The 79B 
gene-specific probe was isolated from a preparative digest of whole 
plasmid DNA’, labelled with °P by nick-translation!§ and hybri- 
dized to Canton S embryo DNA that had been cut with the 
indicated restriction endonucleases, electrophoresed in a 1% 
agarose gel and transferred to a nitrocellulose filter?®. The sizes of 
labelled fragments (kb) are indicated (exposure 4 days). 
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Fig.3 Autoradiogram illustrating hybridization of coding region 
(a) and gene-specific (b) probes to poly(A) RNAs from embryos, 
larvae, pupae and Ke cells. Probes were labelled by nick-trans- 
lation’? and hybridized to poly(A) RNAs‘ that had been dena- 
tured, separated on a single methyl mercury-containing agarose 
gel*® And covalently bound to a diazobenzyloxymethyl paper 
filter’”. a, Hybridization of coding region probe to filter. This probe 
was the 1.8-kb HindIII fragment from the 5C actin gene which 
contains the complete actin amino acid-coding region of that gene. 
This gene was one of those we have isolated from the Maniatis 
Canton S „genome bank’’ and is homologous to that previously 
described”. The probe was removed by several washes with 95% 
formamide at 45 °C. b, Hybridization of 79B gene-specific probe to 
filter. The sizes of the labelled transcripts (kb) are indicated. 
Embryos (E); larvae (L); pupae (P); Ke cells (K). 
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sequence’. All 79B clones were characterized by an EcoRI 
restriction endonuclease cleavage site within an intervening 
sequence starting at amino acid 307 (data to be presented 
elsewhere). 

Figure 1 shows a restriction endonuclease cleavage map of the 
79B actin gene. The gene-specific probe is indicated and the 
Aval restriction endonuclease site at which it begins has been 
localized by DNA sequence analysis’? at 30 nucleotides beyond 
the 3’ end of the amino acid coding region. We have used the 
fragment indicated in Fig. 1 for the experiments described here. 
This DNA fragment contains no amino acid-encoding nucleo- 
tides and, as shown in Fig. 2, hybridizes to only one genome 
DNA fragment with a molecular weight corresponding to that of 
the original clone fragment from which it was derived. This may 
be contrasted with the seven fragments labelled when a similar 
blot of Eco RI-digested Canton S genome DNA is hybridized to 
an amino acid-coding region probe’. 

The gene-specific probe was labelled with ”P by nick-trans- 
lation’? and hybridized to populations of poly(A)RNAs iso- 
lated’ from three different stages of Drosophila development 
and from Kc cells'* which had been fractionated on an agarose 
gel and transferred to diazotized paper’’. Figure 3 contrasts the 
reaction of a coding region probe which will hybridize to all actin 
transcripts with the hybridization of the 79B gene-specific 
probe. Actin transcripts of varying lengths (1.65-2.5 kilobases 
(kb)) can be observed in the preparations while the 79B gene- 
specific probe hybridizes strongly to only one RNA species 
(1.95 kb) from early third instar larvae and weakly to RNA from 
Kc cells. Because the transcripts homologous to the 79B gene- 
specific probe constitute a significant proportion only of larval 
actin message, the 79B gene seems to function independently of 
at least some other actin genes. This experiment establishes 
developmental specificity of the transcriptional activity of the 
79B locus. 

To determine whether actins I, II or IH are synthesized by the 
79B actin gene, we immobilized the gene-specific probe DNA 
on nitrocellulose, hybridized the probe DNA to homologous 
poly(A) RNA from early third instar larvae, eluted the bound 
RNA" and translated the RNA in vitro’’. Figure 4a, b shows 
the translation products after separation by two-dimensional 
electrophoresis”’. Before selection of the 79B gene-specific 
transcripts, actins I, II and II are observed (Fig. 4a). In contrast, 
translation products of the RNA homologous to the 79B gene- 
specific probe migrate at the positions of actins I and II (Fig. 4b). 
These results differ from those obtained with translation 





Fig. 4 Autoradiograms of two-dimensional gel electrophoresis of 

35S. methionine-labelled translation products of early third instar 
larval RNAs. a, Poly(A) RNA! from early third instar larvae was 
translated in vitro’ and the translation products electrophoresed 
in two dimensions’. b, The same RNA was hybridized to DNA of 
the 79B gene-specific probe and the bound RNA eluted'*. This 
RNA was then translated and electrophoresed simultaneously with 
shared buffer chambers with gel a. Actins I, IT and HI are indicated. 
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Fig. 5 Densitometer scan of an autoradiogram of two-dimen- 
sional gel electrophoresis of 35§.methionine-labelled translation 
products with and without reagents which prevent acetylation of 
the in vitro synthesized proteins. . Total RNA was isolated from 
early third instar larvae’ and translated in vitro’”. The translation 
products were electrophoresed simultaneously with shared buffer 
chambers in two dimensions” and autoradiographed. The X-ray 
films were scanned with a soft laser scanning densitometer (Biomed 
Instruments). Two reference proteins from each gel are included. 
a, Densitometer scan of actins and two reference proteins which 
were translation products of total RNA from early third instar 
larvae. b, Densitometer scan of actins and two reference proteins 
which were translated from the same RNA preparation in the 
presence of citrate synthase (0.88 units per 25-plreaction solution) 
and oxaloacetate (1 mM) as described by Palmiter** 


products (actins H and IH) of RNAs selected. by a cytoplasmic 
Drosophila actin gene probe’. Thus, either the gene-specific 
probe selects more than one message or the two actins observed 
are related by a precursor—product relationship. We think the 
first hypothesis unlikely because the probe does not hybridize to 
other actin genes (see Fig. 2). 

If the isoelectric point shift between actin IL and actin I were 
due to post-translational processing, acetylation would seem 4 
likely candidate for several reasons. Actin II] is converted into 
actin II by an acetylation” 
electric point from 5.84 to 5.77 (ref. 3). As the isoelectric points: 
of actin I (5.70) and actin II (5.77) also differ by 0.07 pH units, 
acetylation of actin II could account for its conversion into actin 
I. The reticulocyte lysate has a ribosome-associated trang- 
acetylase?? which is capable of acetylating Dictyestelium actin” 


in Ke cells, causing a shift in iso- a 
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Also, a proportion of the in vitro acetylation of proteins in the 
reticulocyte translation system can be suppressed by the addi- 
tion of oxaloacetate and citrate synthase™*. Consequently, we 
carried out in vitro translation of total larval RNA with and 
without oxaloacetate and citrate synthase and separated the 
products by two-dimensional electrophoresis. The results of this 
experiment are shown in Fig. 5a, 6. When acetylation is 
suppressed to this degree, actin I is greatly reduced, presumably 
because of diminished conversion of actin II into actin I. The 
peak of actin II is increased, presumably due to accumulation of 
actin II which would ordinarily have been acetylated into actin I. 
These results strongly suggest that actin I is synthesized as a 
component that initially co-migrates with acetylated cytoplas- 
mic actin and is subsequently acetylated. The acetylation of a 
precursor can thus account for the characteristic isoelectric point 
and position on two-dimensional gels of actin I°*, and can also 
explain why the turnover of actin II in muscle cells is insufficient 
to account for the quantity of actin II observed**. In addition, 
this result suggests the evolutionary conservation of mechanisms 
of acetylation because the rabbit acetylase is apparently able to 
recognize and acetylate Drosophila actins. 

Thus, we believe the 79B actin gene encodes actin I, the larval 
muscle-specific actin, although it does not seem to be the only 
actin gene to do so (unpublished data), Several characteristics of 
the transcript of this gene are consistent with this hypothesis; for 
example, the stage at which the gene is active, the difference in 
size of the transcript from that of one of the cytoplasmic 
messages’ and the synthesis of actin I by in vitro translation of 
mRNA homologous to the 79B gene-specific probe. 

The 79B locus seems to be developmentally regulated 
independently of other Drosophila actin genes (Fig. 3). 
Differential control of actin gene expression during develop- 
ment may at least partly explain the multiplicity of actin genes 
which have been found in several eukaryotes’®. We are 
continuing to develop gene-specific probes for the remainder of 
the actin genes of D. melanogaster to investigate the pattern(s) 
of gene expression and form of actin synthesized by each. These 
patterns of expression will ultimately be correlated with DNA 
sequence information from the 5' regions of each actin gene so as 
to define the sequences responsible for this regulation. 

We thank Dr James W. Fristrom for the gift of Drosophila 
embryos and larvae, and Jeanette Natzle for allowing us to use 
the ‘Northern’ blot for Fig. 3. E.Z. is a postdoctoral fellow of the 
Swiss NSF, F.S. and §.L.T. of the NIH, and U.R. is supported by 
a grant of the Deutsche Forschungsgemeinschaft. This work is 
supported by grants from the NIH and NSF to B.J.M. and by 
grants from the NIH to J. W. Fristrom. 
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The control regulating commitment to the cell division cycle of 
eukaryotes seems to occur before the initiation of DNA repli- 
cation’. In the budding yeast Saccharomyces cerevisiae, this 
control is called start and is the earliest gene-controlled event of 
the cell cycle**. A haploid cell which has completed start is 
committed to cell division and unable to undergo alternative 
developmental fates such as conjugation. Here, we describe an 
analogous start control in the fission yeast Schizosaccharomyces 
pombe. We have tested the ability of cdc mutants blocked at 
various stages of the cell cycle to undergo conjugation. Only 
mutants of cdc 2 and cdc 10 which block during the G, period 
are able to conjugate. Other mutants which block during G,, S 
phase, G2 or mitosis are committed to cell division and cannot 
conjugate. The commitment control start is located in G,, and its 
completion requires the gene functions of cdc 2 and 10. 
Completion of start occurs at the beginning of the cell cycle in 
rapidly growing cells, but is delayed to later in the cell cycle at 
slow growth rates. The cdc 2 gene function also participates in 
another major cell cycle control which determines the timing of 
mitosis**. Therefore cdc 2 is a cell cycle control gene which 
acts at two separate points in the cell cycle: it is required in G, 
for commitment to cell division and in G, for the control of 
mitosis. 

When dividing $. pombe cells are deprived of nitrogen, they 
stop proliferating, accumulate in G, and, if they are of appro- 
priate mating type, undergo conjugation and sporulation”, To 
determine whether conjugation is limited to a specific phase of 
the S. pombe cell cycle, various temperature-sensitive cdc 
mutants were incubated at their restrictive temperature to block 
cells at different places in the cell cycle, and the ability of these 
cells to conjugate was tested. The restrictive temperature of the 
cdc mutants was either 35 or 36 °C (refs 11, 12, 20), but at these 
temperatures conjugation in wild type was inhibited. As the 
highest temperature at which a reasonable level of conjugation 
took place was 33 °C (ref. 10), the experiment was carried out by 
incubating the cdc mutant cells for two generations at 36 °C to 
block progress through the cell cycle, followed by shifting the 
cells to 33 °C and mixing them with cells of opposite mating type 
to allow conjugation to take place. After overnight incubation 
the mating mix was plated out to assay the number of diploid 
cells formed as a consequence of conjugation (for practical 
details see Table 1 legend). In these conditions of temperature 
and medium, mutants of 11 of the 16 cdc genes known to be 
required for DNA replication or mitosis were blocked in their 
progress through the cell cycle. Mutants of the other five genes 
were not completely blocked and could not be used in the 
experiment. The levels of conjugation expressed as a percentage 
of a wild-type control are given in Table 1 (column 1), Only 
mutants of cdc 2 and 10 gave high levels of conjugation. Other 
mutants were <5% of the wild-type control, 

Before concluding that all the cdc genes apart from cde 2 and 
10 block at cell cycle stages where conjugation is not possible, it 
is necessary to eliminate various other explanations for the 
failure of conjugation in the blocked mutants. The first possi- 
bility is that the viability of the cdc mutants is dramatically 
reduced after incubation at the restrictive temperature. This was 
not the case because the viabilities of the cdc mutants after 5 h at 
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36°C and overnight at 33 °C were high, the lowest values being 
~20% for cdc 24.M38 and cdc 6.23 (column 4 of Table 1). A 
second possibility is that the cdc mutants are partially sterile and 
have a reduced ability to mate even at the permissive tempera- 
ture. This was not the case either, because at 25°C ail the 
mutants mated well, the lowest being ~30% of the wild-type 
control for cde 17.K42 and cdc 25.22 (column 2 of Table 1). A 
third, more subtle, possibility is that the cdc mutant function is 
directly required in the conjugation process, and that this is the 
reason conjugation is prevented at the restrictive temperature 
(for a fuller discussion of this point see ref. 5). This possibility 
was tested by first accumulating the cdc mutant cells at the 
appropriate cell cycle stage for mating by incubation at 25 °C in 
nitrogen-free medium, shifting the cells to 33°C and then 
mixing them with cells of opposite mating type. In these condi- 
tions, all the cde mutants underwent conjugation, demonstrat- 
ing that they were not directly involved in the conjugation 
process (column 3 of Table 1). Two mutants, cdc 1.7 and cdc 
25.22, did have rather reduced conjugation frequencies, ~ 10- 
15%, but these levels were still far greater than their con- 
jugation frequencies at 36/33 °C. 

These experiments demonstrate that mutants of cdc 17, 22, 
23, 24 (involved in G, or S phase) and of cde 1, 6, 13, 25, 27 
(involved in G, or mitosis) block at stages in the cell cycle where 
conjugation is not possible whereas mutants of cdc 2 and 10 
block at a stage where it is possible, Two different mutant alleles 
of cde 2 and 10 behave similarly (Table 1), indicating that the 
ability to conjugate at the restrictive temperature was not due to 
the presence of a second mutation in the strains. The stage at 
which cdc 10 mutant cells become blocked is during G,, before 
the initiation of S phase’''*. The situation with cde 2.is more 
complex as cdc 2 mutants were previously thought to become 
blocked only in late G; just before mitosis*’*. However, cdc 2 





Table 1 % Conjugation for each temperature regime 





% Can cells 
cdc mutant 36/33°C 25/25°C 25/33°C Viability conjugate 
at this 
block? 
‘ede 1.7 0.046 76.2 10.4 47.6 No 
ede 2.33 30.9 106 105 ` a Yes 
cde 2.M63 19.0 112 129 32.7 
ede 6.23 3.09 $2.6 37.4 20.8 No 
cde 10.129 138 94.6 88.2 78.1 Y 
cde 10.K28 108 101 117 56.4 a 
cde 13.117 0.205 60.3 33.5 59.4 No 
ede 17.K42 0.295 29.0 31.9 58.7 No 
cde 22.M45 4.44 51.2 42.8 87.3 No 
cde 23.M36 2.93 72.0 51.0 65.8 No 
cde 24.M38 2.83 80.3 119 19,2 No 
ede 25.22 0.086 36.7 14.0 57.6 No 
cde 27.K8 4.98 93.9 78.6 56.9 No 


amaaan amna 


The cdc h” mutant cultures were grown at 25°C in minimal 
medium®*, washed and resuspended in minimal medium lacking the 
nitrogen source, and incubated at 25 or 36 °C. After 5 h cells were mixed 
with a x10 excess of ura 1 mei 1-B102 cells’, the 25°C culture was 
split and incubated at 25 °C and 33 °C, and the 36 °C culture incubated 
at 33°C. After overnight incubation the mating mix was sonicated and 
plated onto minimal medium at 36°C. Only complemented diploids 
derived from a conjugation event between the cde h` and ura 1 mei 
1-B102 parents could form colonies in these conditions. All the cdc 
mutants were recessive to wild type. The mating type allele mei 1-B102 
(also known as mat 2~Pm) was used as this allows conjugation with cells 
of h” mating type but prevents meiosis and sporulation. Consequently a 
stable diploid is formed. In each batch of experiments a control ade 6 h` 
culture was also crossed to ura 1 mei 1~B102 to determine the numbers 
of diploids formed from wild-type cells which were not blocked in cell 
cycle progress by a cdc mutation. The levels of conjugation quoted here 
are expressed as percentages of this wild-type control under the 
temperature regime used. The per cent viabilities of the cdc mutants 
were calculated from comparison of particle and colony counts after 
cultures had been incubated in minimal medium lacking the nitrogen 
source for 5 h at 36 °C followed by overnight incubation at 33 °C. 
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Fig. 1 cde 2.33 h” and 972 h` wild-type cells were incubated in 
minimal medium lacking a nitrogen source at 25°C and were 
re-innoculated into fresh minimal medium at 36°C at time = 0 h. 
the DNA contents in the two cultures were estimated using the 
diphenylamine reaction“. Both cultures began with cells containing 
the G, content of DNA. DNA contents per mi are plotted on. an 
arbitary log scale, and the actual DNA content per ml equivalent to 
1 unit on the scale is given in parentheses following the symbol key. 
O, 972 wild type (76 ng); @, cdc 2.33 (68 ng). 


mutant cells actually become blocked in G, as well as Ga as is 
shown by the following experiment. cde 2.33 cells were accu- 
mulated in G; by nitrogen starvation at 25 °C and a synchronous 
culture prepared by re-innoculating the cells into fresh medium 
at 36°C, In these conditions wild-type cells undergo a synch- 
ronous round of DNA replication, but this does not occur in ede 
2.33 (Fig. 1). Thus, cde is required independently for the two 
major events of the cell cycle, S phase and mitosis. 

If cdc 2 has two cell cycle block points, it is likely that only 
those cells blocked at the first point in G, are able to undergo 
conjugation. If this was the case it would account for the reduced 
conjugation of cdc 2 mutants compared with cde 16 (Table 1, 
column 1), as the long G; period found in S. pombe would result 
in most cells accumulating at the second bleck point in late Gz 
where they could not conjugate. To test this, a synchronous 
culture of cdc 2.33 was prepared by selection of cells early in the 
cell cycle (mostly at the beginning of G2), using sedimentation 
rate centrifugation. This culture was grown at 25°C, and 
aliquots were shifted at various times during the cell cycle to 
36/33°C following the procedure described in the earlier 
experiments, to measure the ability of the cells to conjugate. If 
there is only one block point in the cell cycle, regardless of when 
the shift up occurred, the level of conjugation should have been 
the same. However, if there are two block points, one at which 
cells could conjugate and one at which they could not, there 
should have been a peak in the level of conjugation at the former 
block point. This second pattern was the one observed, with the 
mid-point of the peak occurring at the very beginning of the cell 
cycle coincident with cell division (Fig. 2). This is close to the 
timing of the G, period, indicating that conjugation is possible 
only at the G, block point. 

We conclude that there is a start control in fission yeast which 
functions during the G, period. Before start, cells can still 
conjugate but after start they become committed to cell division 
and are unable to conjugate. Completion of start and commit- 
ment to the cell cycle requires the genes cde 2. and 10. Rapidly 
growing cells complete the cde 10 gene function very early, 
immediately after mitosis, but in more slowly growing cells the 
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Fig. 2 A synchronous culture of cdc 2.33 h” was prepared from 
an exponentially growing culture by sedimentation rate velocity 
centrifugation of the cells through a 7.5-30% lactose gradient to 
isolate the small cells at the beginning of the cell cycle®. The 
synchronous culture was grown in minimal medium at 25 °C and 
aliquots were shifted at intervals to 36°C for 5 h in minimal 
medium lacking a nitrogen source, before shifting to 33°C and 
mixing with ura 1 mei 1-B102. The mixing and subsequent 
processing were as described in Table 1 legend. Cell number was 
measured using a Coulter counter®. @, % conjugation; ©, cell 
number per ml. 


cde 10 function is completed much later in the cell cycle!!", 
Thus, commitment to cell division occurs at the beginning of the 
cell cycle in rapidly growing cells, but is delayed to later in the 
cell cycle at slow growth rates. With the appropriate environ- 
mental cues these uncommitted cells can undergo an alternative 
developmental pathway such as conjugation. A similar situation 
also applies in $. cerevisiae'*. 

cdc 2 is unique among ceil cycle genes in being required 
independently for two cell cycle events, start and mitosis. 
Together with wee 1, cdc 2 is involved in the control determin- 
ing the timing of mitosis”. Therefore, cdc 2 can be considered a 
cell cycle control gene with regulatory functions at two control 
points during the cycle—start in G, and the timing of mitosis in 
G). Attainment of a critical cell size is required before mitosis 
can take place'*'’. In addition, traverse of start as marked by 
the completion of cde 10 gene function’? or the occurrence of S 
phase**"*!° also requires a critical, though different cell size. 
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Thus, cell size may have an important regulatory role at both cell 
cycle control points. 

We thank Murdoch Mitchison and Peter Fantes for useful 
discussions during this work, Rachel McIntosh for technical 
assistance and the SRC for financial support. 
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Myosin has two ‘heads’ or subfragments-1 (S-1) each containing 
a heavy chain, a phosphorylatable or ‘regulatory’ light chain and 
another light chain which is generally referred to as being 
essential’, The regulatory light chains can be removed without 
loss of ATPase activity’, but until now it has not been possible to 
remove the other class of light chain without complete loss of 
ATPase activity*. However, the dissociating conditions used 
also denature the heavy chains, and inactivation frequently 
precedes light-chain dissociation’. We now describe the use of 
mild dissociating conditions combined with affinity chroma- 
tography using antibodies to the alkali light chains to produce 
light-chain-free S-1 heavy chains. The S-1 heavy chain binds 
reversibly to F-actin and has 30-80% of the ATPase activities of 
native S-1. 

Fast skeletal muscle myosin has two different but related 
essential light chains, alkali-1 (molecular weight (M,) = 20,700) 
and alkali-2 (M,= 16,500)*. Two S-1 isozymes, $-1(A1) and 
S-1(A2), can be separated on the basis of their alkali light-chain 
content. These two forms of S-1 seem to have the same heavy- 
chain compositions, that is, both contain the same two N- 
terminal sequences’. In the absence of actin, S-1(A1) and 
S-1(A2) have the same ATPase activities. However, at low ionic 
strengths, the actin-activated ATPase of S-1(A2) has a higher 
maximal rate of ATP hydrolysis (Vina,)*. Using 4.7 MNH,Clasa 
dissociant, purified alkali light chains have been exchanged into 
S-1 or myosin without inactivation’. Similar techniques have 
been used to prepare hybrids which contain heavy chains from 
one muscle myosin and ‘essential’ light chains from a different 
muscle myosin””'’, Here we have modified the exchange condi- 
tions to allow the separation of light chains from heavy chains. 

Rabbit antibodies to the alkali light chains of chicken 
pectoralis muscle myosin were purified and coupled to CNBr- 
activated Sepharose 4B (3 mg of antibody per ml of Sepharose) 
as described elsewhere’*. The immunoadsorbent column was 
eluted in conditions similar to those used in the exchanges, but 
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Table 1 ATPase activities of S-1 and §-1 heavy-chain preparations 





EDTA (s7') 

Preparation A 

S-1(A2) 10.1 

NH, Cl-treated $-1(A2)* 7.6 

S-1 heavy chain (10% §-1(A2))7 7.9 
Preparation B 

S-1(A2) 9.6 

NH, Cl-treated S-1(A2)* 6.5 

S-1 heavy chain (15% $-1(A2))+ 4.3 

S-1(A1) 9.5 
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Actin-activated 
I =0.020 M [=0.040M 

Ca?” (s7?) Vinax 8")  KapplBM) Vaals) Kamp (aM) 
2.1 25 34 
1.3 19 26 
0.9 13.5 28 
0.96 28 45 24 47 
0.58 20 53 16 110 
0.36 9.4 32 10 &9 
0.87 16 7.6 23 65 





ATPase assays were done using a pH stat to measure the rate of H* release at pH 8.0 and 25° C, Assay conditions for the EDTA-ATPase were: 
2mM EDTA, 5 mM ATP and 0.6 M KCI; for the Ca?*- ATPase: 10 mM Ca?*, 5 mM ATP and 0.6 M KCI; and for the actin-activated ATPase: 2 mM 
MgCl, 1 mM ATP and 12 or 32 mM KCI. The actin-activated ATPases were analysed using the following equation®®: o = Vinay [actin] /{ Kapp + 


[actin]). (Kapp is the concentration of actin required to achieve 1/2 Vinax-) 


* §-1(A2) was diluted to 0.25 mg ml”! with 4.6 M NH,Cl, 2 mM ATP, 2 mM DTT, 2 mM EDTA and 0.10 M imidazole, pH 7.0 at 4° C. After 1h, 
MgCl, was added to 5 mM and the S-1(A2) dialysed as described for the light-chain-depleted samples. 

+§-1 heavy-chain samples were prepared as described in Fig. 1 legend. The amount of alkali-2 light chain in the samples was determined by 
densitometry of Coomassie brilliant blue-stained SDS-polyacrylamide gels. The two different S-1 heavy-chain preparations shown indicate the 


variability in the EDTA-ATPase activities. 


2mM ATP was added to stabilize the heavy chains during the 
1-h isolation procedure and MgCl, was added to 5 mM before 
the removal of the NH,Cl. 

When S-1(A2) was applied to the column, the protein eluting 
in NH,Cl contained 85-90% S-1 heavy chain and 10-15% 
S-1(A2) (Fig. 1). (The phosphorylatable light chains were 
removed during the digestion of myosin to S-1.) After removing 
the NH,Cl, the light-chain-depleted samples had 45-80% of the 
EDTA-ATPase and ~40% of the Ca?*-ATPase of native 
§-1(A2) (see Table 1). This decrease in ATPase activity may be 
due in part to the NH,Cl treatment. In the exchange experi- 
ments, where the S-1 was 2.3 mg ml”, there was only a 10-15% 
loss in activity’. However, when S-1 was left in NH,Cl for 1 hat 


Fig. 1 SDS-polyacrylamide gel electrophoresis of S-1 heavy- 
chain preparations. S-1 was prepared by an a-chymotryptic diges- 
tion of chicken pectoralis myosin and fractionated into $-1(A1) 
and S-1(A2)*. S-1(A2) (5.0 mg) was incubated for 5 min at 4° C in 
1 ml of 4.7 M NH,Cl, 5 mM ATP, 2 mM EDTA, 2 mM dithioth- 
reitol (DTT) and 0,10 M imidazole, pH 7.0, and then loaded on toa 
1.6x5cm immunoadsorbent column (containing antibodies 
specific for alkali light chains) equilibrated in 4.6 M NH,Cl, 2 mM 
ATP, 2 mM DTT, 2 mM EDTA and 0.10 M imidazole, pH 7.0. 
The column was eluted with this equilibration buffer at 20 ml h` 
and 2.5-ml fractions were collected. The two peak fractions, 0.2 to 
0.3 mg ml”, were pooled and MgCl, added to a concentration of 
5 mM; 4 ml were dialysed against 0.2 M KC], 2 x 10°* M DTT and 
5 mM imidazole, pH 7.0 at 4° C, for use in the ATPase assays, and 
1 ml was dialysed against 20 mM NaCl, 2 x 10°*M DTT and 5 mM 
imidazole, pH 7.0 at 4°C, for SDS-polyacrylamide gel electro- 
phoresis. The immunoadsorbent column was regenerated by 
washing rapidly with 4M guanidine~HCl. The capacity of the 
column decreased with use; after six runs only two-thirds as much 
S-1 could be applied. An Alga of 7.5 and a molecular weight of 
115,000 was used for S-1(A2) and for S-1 heavy chain these values 
were estimated to be 8.6 and 95,000. SDS-polyacrylamide gel 
electrophoresis was carried out as described by Laemmli’’. a, 
$0 pg of S-1(A2); b, 504g S-1 heavy chain, eluted from the 
immunoadsorbent column in NH4C]; c, 25 pg of S-1(A2); d, 50 ug 
S-1(A1); e, 50 wg S-1(A2) and f, 50 pg S-1 heavy chain as in 4, 
except that it was further purified with the immunoadsorbent 
column equilibrated in 0.2 M KCI. S-1 heavy chain containing 20% 
contaminating S-1{A2), 11 ml at 0.25 mg ml”', was concentrated 
by ultrafiltration to 2ml at 1.4mgml”' and applied to the 
immunoadsorbent column equilibrated in 0.2 M KCl, 2 x 107M 
DTT and 5 mM imidazole, pH 7.0 at 4° C. S-1{A2) bound to the 
column and pure 8-1 heavy chain passed through. 





0.25 mg ml”', equivalent to the S-1 heavy-chain concentration 
which elutes from the immunoadsorbent column, there was a 
25-40% decrease in ATPase activities (Table 1). 

When an equal mixture of S-1(A2) and $-1(A1) was applied 
to the immunoadsorbent column in the same conditions as for 
Fig. 1, theeluate contained no alkali-2 light chains and haif the 
level of alkali-1 present in the applied S-1. This sample had 73% 
of the EDTA-ATPase and 45% of the Ca**-ATPase of native 
S-1. There are two obvious explanations for the preferential 
removal of the alkali-2 light chain by the immunoadsorbent 
column: either these particular antibodies interact more strong- 
ly with the alkali-2 than with the alkali-1 light chains, or the 
latter bind more tightly to the S-1 heavy chains than do alkali-2 
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light chains. The latter explanation is supported by the obser- 
vation that the alkali-1 light chain exchanges into myosin more 
easily that alkali-2 light chain’®. As the alkali-2 light chain is 
more easily removed from S-1 than alkali-1 light chain, in the 
rest of the experiments described here, the S-1 and heavy chains 
were prepared from S-1(A2). 

The actin-activated ATPases of both S-1 and S-1 heavy chain 
have hyperbolic dependences on actin concentration (Fig. 2). In 
preparation A of Table 1, after correcting for residual S-1(A2), 
the Vmax of S-1 heavy chain was 49% that of native S-1(A2) and 
67% that of NH,Cl-treated S-1(A2). In these assay conditions, 
the Vmax of S-1(A1) is about half that of S-1(A2), but when the 
ionic- strength is increased tc 0,04 M, the Vinx of S-1(A1) 
increases to that of S-1(A2)'*. Preparation B of Table 1 shows 
the effect of ionic strength on the actin-activated ATPase of the 
S-1 heavy chain. Although the recovery of actin-activated 
ATPase was lower than in preparation A, the actin-activated 
ATPase activities were still much higher than could be accoun- 
ted for by residual $-1(A2). The Vmax of the S-1 heavy chain did 
not increase significantly when the ionic strength was increased. 
At both ionic strengths, the K,,, of the S-1 heavy chain was 
between those of S-1(A2) and S-1(A1). 

Further purification of the heavy chains was achieved by 
removing residual S-1(A2) on the immunoadsorbent column in 
the absence of NH,Cl. No alkali-2 light chain was detectable on 
SDS-polyacrylamide gels (see Fig. 1). The EDTA-, Ca?*- and 
actin-activated ATPases of pure S-1 heavy chain were all 30% 
of those of native S-1(A2), The decreases in activities, most 
noticeable in the EDTA-ATPase, probably reflect the instabil- 
ity of the heavy chain during the isolation procedures. 

To check that the S-1 heavy chains did not contain fragments 
of the alkali light chains (produced by proteolysis during the 
isolation procedures) which were not visible on Laemmli-type 
SDS gels'’, the lysines of an S-1 heavy-chain sample were 
modified in urea with “H-formaldehyde and NaCNBH; (ref. 
14). The sample was run on an SDS-urea gel capable of resolving 
small peptides’. There were no counts in the area of small 
peptides which could be attributed to digestion products of the 
alkali light chains nor were any bands detectable by Coomassie 
blue staining. 

The binding of the S-1 heavy chain to F-actin was examined 
by ultracentrifugation (see Table 2). Centrifugation in the 
absence of actin showed a slight aggregation of the S-1 heavy 
chains. (Other experiments also showed that the S-1 heavy 
chains tend to aggregate more readily than does S-1.) After 
correcting for aggregation, approximately the same fractions of 
S-1 heavy chain and S-1(A2) bound to F-actin in the absence of 
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Fig. 2 Actin-activated ATPases. Assays were performed as 

described in Table 1 legend; v is the observed rate of ATP 

hydrolysis by S-1 in the presence of actin, minus that of S-1 alone. 

@, $-1(A2); O, NH4Cl-treated S-1(A2); and W, S-1 heavy chain 
containing 10% §-1(A2). 
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Table 2 Actin binding of S-1 (A2) and S-1 heavy chain preparations 





Fraction bound 


~ATP +ATP 
S-1(A2) 0.91 (0.02) 0.09 (0.03) 
NH,Cl-treated S-1(A2) 0.82 (0.08) 0.05 (0.03) 
S-1 heavy chain 0.82 (0.06) 0.17 (0.09) 


(10-15% S-1(A2)) 


8-1 heavy chain or S-1(A2) (1 uM) was mixed with 36 uM F-actin in 
0.1 M KCI, 2 mM MgCh, 1074 M DTT and 5 mM imidazole, pH 7.0 at 
4° C, Some samples also contained 1.0 mM ATP. After centrifuging the 
samples at 150,000g for 30min, the supernatants were carefully 
removed and aliquots electrophoresed on SDS-polyacrylamide gels. 
The gels were stained with Coomassie brilliant blue and the intensity of 
the heavy-chain bands determined using a scanning gel densitometer, 
When centrifuged in the absence of actin, 80% of the S-1 heavy chain 
and 90% of the §-1(A2) and the NH,Cl-treated $-1(A2) remained in 
the supernatant. These values were used as references for determining 
the fraction of §-1 bound to F-actin. Values are the mean (+s.d,) of three 
different S-1 heavy-chain prenaratinne 


ATP, but a lower fraction of S-1 heavy chain was released by 
ATP. 

These results show that the alkali light chains are not essential 
for either actin binding or ATP hydrolysis, and that the ATP and 
actin binding sites are located on the myosin heavy chains. 
However, the alkali light chains may stabilize the myosin con- 
formation, as the heavy-chain preparations seem to be unstable. 
It has been reported that the isolated heavy chain of the non- 
filamentous Acanthamoeba myosin 1B is fully active’®. As this 
myosin has many unique properties, it was not possible to 
extrapolate this observation to other myosins. However, as fast 
skeletal muscle myosin is a ‘typical’ myosin, it is likely that the 
ATP and actin binding sites of other myosins will also reside on 
the heavy chains. 

This study was supported by USPHS Program Project Grant 
HL-16683 and by NSF grant PCM-75-22698. We thank Drs 
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Erratum 


In the letter ‘Lamellar-zonal bone with zones and annuli in the 
pelvis of a sauropod dinosaur’ by R. E. H. Reid, Nature 292, 
49-51 (1981), the sentence beginning on the first line of page 51 
should read ‘Some material in the literature cited’ could also be 
interpreted differently, for example if bone figured by Seitz (Figs 
53, 54 of ref. 14) from the theropod Allosaurus is thought to 
show lamellar-zonal structure ` 





Bird Migration in Africa 
Movement Between Six Continents 
Kai Curry-Lindahi 


October/November 1981 
Volume 1: c. xvi+444pp., £41.40 (UK only)/$99.50 0.12.200101.X 
Volume 2: c. xvi + 208pp., £26.60 (UK only)/$49.50 0.12.200102.8 


This book describes bird movements all over Africa and discusses the factors behind them. Issues covered include the response of various 
habitats to the tremendous seasonal increase in the number of inhabitants, the reaction of native birds to the competition for feed, and 
interspecific relations between Eurasian birds and African vertebrates, The study examines the ecogeography, behaviour, evolutian and 
ecology of birds in Africa, and supplies lists of intercontinental migrants and a timetable of their movements. 


Collold Science: A Series of Monographs 2 
Zeta Potential in Colloid Science 


R. J. Hunter 
August/September 1981, c. 400pp., £36.00 (UK only)/$84.00 0.12.361960.2 


The book begins with a review of the theory of the electrical double layer and electrokinetics, including a unified treatment of the behaviour of 
liquids in narrow capillaries and porous media. Various methods for measuring the zeta potential (electroosmosis, streaming potential, 
electrophoresis and sedimentation potential) are described, before a consideration of the interpretation of the zeta potential. The final chapters 
explore the application of the zeta potential to studies of adsorption of simple ions, hydrolysable ions, surfactants and polymers.and of 
coagulation, flotation, sedimentation and rheology. 


VLSI 81 


: Very Large Scale Integration 
edited by John P. Gray 
July/August 1960, xiv + 364pp., £16.00 (UK only}/$36.00 0.12.296860.3 
This book contains the papers delivered at the Edinburgh international Conference, VLSI 81, the first meeting to be devoted exclusively ta this 


x subject. The multi-disciplinary nature of the field of very large scale integration is reflected in the organization of this book which covers the 


application of discrete mathematics to VLSI systems, novel architectures, design methodologies and tools, applications of VLSI systems and 
the design of circuits. It will be invaluable to professional engineers, research workers and postgraduate students in both hardware and 
software disciplines. 


Languages and Architectures for Image Processing 

edited by M.J.B. Duff and S. Levialdi 

July/August 1981, c. 300pp., £16.40 (UK only)/$39.50 0.12.223320.4 

The book brings together current ideas on the interaction between special computer archietecture, developed for the manipulation of pictorial 
data, and the resulting demands on high-level language design. Problems associated with architecture include the choice cf processors, the 
advantages of SIMD or SIMD/MIMD machines, the quan ion of speed-up factors in terms of numbers of processors, clock-cycle and 


memory independently of data or computational algorithms. Coverage of the language problem includes discussion of the choice of language, 
the impact of ALGOL and PASCAL on image processing and computer science in general, and other related areas. 


Meso-scale Atmospheric Circulations 
B.W. Atkinson 
July/August 1981, xviii + 494pp., £32.40 (UK only)/$78.00 0.12.066960.3 


Meso-scale Atmospheric Circulations is divided into three sections. An introductory chapter discusses the notion of the meso-scale. Section 
two is concerned with topographically induced circulations. These systems can be either thermally initiated (for example, sea breezes resulting 
from thermal differences between land and sea) or mechanically initiated {lee waves). The third section comprises four chapters on froe- 
atmosphere circulations, both convective and non-convective. All the chapters have similar structures circulation, coverage of observed 
structure, both analytical and numerical theoretical studies and, where available, hardware experiments. 


Annual Reports on NMR Spectroscopy 


Volume 11A 
edited by G.A. Webb 


May 1981, x + 282pp., £36.00/$84.00 0.12.506311.8 


The diverse choice of topics covered by Volume 11A reflect the areas of molecular science critically dependent upon NMR investigations. The 
review on amino acids, peptides and proteins provides a curent account of an area previously covered in Volume 68 of this series. Biologically 
important areas of research are also considered in the chapter on calcium and magnesium NMR in chemistry and biology. The remaining three 
reports in Volume 11A deal with material which, although previously considered inter alia, is given specific coverage for the first time in this 
series. 
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matics research and mathematics education. Its 24 articles 
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and scholars who reflect the diversity within the mathe- 
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inspire and excite generations of readers intrigued by 
that most fascinating paradox - Time. His speculations 
and conclusions are as fascinating and thought- 
provoking today as they were when first published. 
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BOOK REVIEWS 





The case for unilateral disarmament 


Ropert Neild, a Professor of Economics 
at Cambridge and the first Director of the 
Stockholm International Peace Research 
Institute, has written a clear-headed and 
honest little book which will indeed help 
people to make up their minds about the 
bomb, even where (like myself) they are not 
able to accept his-conclusions. 

In Britain the debate about nuclear 
weapons policy, dormant throughout the 
late 1960s and 1970s, has been revived by 
the recent decisions of the government to 
purchase the Trident missile from the 
United States and to accept the deployment 
of United States cruise missiles in Britain. 
Itis to this debate about British policy that 
Neild seeks to contribute. Does Britain 
need its own nuclear weapons? And is 
Britain’s security more strengthened than it 
is endangered by the hosting of United 
States nuclear bases? To both questions his 
answers are firmly. negative. 

Neild holds that while the Soviet Union 
has developed a ‘‘beastly political system”’ 
(p.9) and engages in adventurism in the 
Third World, it does not present a 
significant military threat in Europe, where 
its policy is basically defensive. American 
nuclear weapons deployed in Western 
Europe, he thinks, would confer positive 
benefits on the latter only if it could be 
assumed that the United States is a 
“reluctant ally” that does not perceive its 
interests to lie in defending Western 
Europe. In fact, according to Neild, the 
United States can be relied upon to defend 
its investments and world role in Europe, 
whether or not it has nuclear weapons 
deployed there that will draw it into any 
conflict. 

The presence of nuclear weapons on 
British soil, whether British or American, 
adds to the risk that Britain will be subject 
to nuclear attack, a danger which official 
policy is reluctant to acknowledge. As 
Neild says: 


In any nuclear conflict between the United 
States and the Soviet Union, Britain runs the 
risk of being the victim of a pre-emptive strike or 
accident. This is what happens to aircraft 
carriers [p.18]. 


Britain’s nuclear deterrent force, Neild 
thinks, expresses 


the folly of a declining power which seeks 
influence on the one hand by ingratiating itself 
with the United States and becoming dependent 
on her and, on the other hand, by buying and 
maintaining nuclear symbols of independence 


Hedley Bull 
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from the United States, symbols for which it has 
no use since it does not seek to be independent 
[pp.99-100]. 


United States assistance to the British 
nuclear weapons programme, as Neild 
notes, has had two conditions: that British 
nuclear forces be assigned to Nato, and 
that Britain continues to provide the 
United States with nuclear bases and other 
military facilities. Britain’s role as an 
American military base — a role that has 
been played continuously since the 
stationing of American bombers in 
connection with the Berlin Blockade in 
1948 — is thus in part made necessary by 
the British nuclear weapons programme. 

The network of American military 
bases in Britain is now vast (Neild cites a 
study that lists 103 ‘‘bases and facilities’). 
There has been extraordinarily great 
governmental secrecy, and extraordinarily 
little public debate, about their nature and 
implications. And it is clear that such 
control as Britain exercises over the use of 
them, including that of the nuclear-armed 
bombers now based in Britain, is purely 
political and informal in nature; nor will 
the nuclear-armed cruise missiles to be 
deployed in the next few years be subject to 
any ‘‘double key’? system that will give 
Britain a share in their technical control, 
such as it has over Nato tactical nuclear 
weapons deployed on the Continent. This 
is the measure of the change that has taken 
place in Anglo-American relations since 
the Quebec Agreement of 1943, when each 
country undertook not to use nuclear 
weapons against any third party without 
the consent of the other. 

Neild is right to insist that if is important 
to stand back from detailed strategic 
analysis and ask where the nuclear arms 
race is going. He is right also to see new 
dangers in the collapse of super-power 
arms control negotiations, the drift away 
from ‘‘simple deterrence” towards nuclear 
war-fighting in strategic doctrine and the 
tendency to substitute considerations of 
the balance of nuclear arms between the 
super powers for considerations of mutual 
nuclear deterrence. He has performed a 
service in calling for public debate about 
US military bases in Britain; many who do 
not support Neild’s view that these should 








be removed in foto will nevertheless feel, 
as I do, that given the present direction of 
United States foreign policy, Britain 
should be seeking to disengage from any 
close identification with it, and especially 
to assert positive control over the use of 
American nuclear weapons based in 
Britain. 

But, like many rational men of science, 
Robert Neild does not recognize the part 
that is necessarily played in international 
relations by power, including military 
power. If it is true, as I expect it is, that 
Soviet leaders harbour no aggressive 
intentions towards Western Europe, it is 
also true that the balance of military power 
created by Nato forms part of the context 
in which Soviet intentions have taken 
shape. If the balance were replaced by a 
Soviet military preponderance in Europe, 
Soviet leaders would be likely to develop 
different intentions, if not to invade 
Western Europe, then at least to dominate 
it. ‘‘Finlandization’’, which Neild 
dismisses as a bogey, seems to me to be a 
very possible consequence of a lowering of 
the guard by the Western powers, even ff 
the analogy with Finland is an inexact one. 
Similarly, if the Soviet military position in 
Eastern Europe were to weaken, pressures 
would be likely to develop in the Western 
world to adopt a “forward policy” of 
promoting change in those countries. 

Neild, it is true, does not call for 
Britain’s exit from Nato or for the 
withdrawal of British forces from 
Germany; rather, he wants Britain to adopt 
a‘‘French”’ policy of national self-reliance 
in defence, but continued participation in 
the alliance, except that Britain, unlike 
France, would be without its own nuclear 
weapons. Neild, moreover, clearly thinks 
that Western Europe, even after it had 
expelled American nuclear weapons, could 
still look to the United States for military 
support. He does not consider whether it is 
morally justifiable for Western European 
nations to ask the American people to 
accept on their behalf the risks of having 
nuclear weapons on American soil, while 
refusing to accept these risks themselves, 

While Britain and other West European 
countries at present need to distance 
themselves from an apparently reckless 
American foreign policy, they are still in 
danger of being dominated by the Soviet 
Union if a balance of power in Europe is 
not maintained, The long-run’ objective, 
for Western Europe, should be to-create a 
military counterpoise to the Soviet Union 
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from its own resources, independently of 
the United States. But this requires a 
nuclear deterrent force or forces controlled 
by West Europeans themselves, for which 
the British and French nuclear forces now 
provide a basis, as is today increasingly 
recognized elsewhere in Western Europe 
(the West German government, for 
example, has officially welcomed the 
British decision to deploy Trident). And in 


the short run there can be no balance in 
Europe without the commitment of 
American nuclear forces, for which some 
price will have to be paid and some risks 
accepted. f 





Hedley Bull is Montague Burton Professor of 
International Relations at Oxford University, 
and was formerly a Director of the Arms 
Control and Disarmament Research Unit in the 
British Foreign Office. 


Environmental chemistry: a mixed reaction 


Peter S. Liss 


The Handbook of Environmental 
Chemistry, Edited by O. Hutzinger. Three 
volumes of two parts. Vol.1A The Natural 
Environment and the Biogeochemical 
Cycles pp.258, ISBN 3-540-09688-4. 
Vol.2A Reactions and Processes pp.307, 
ISBN 3-540-09689-2. Vol. 3A 
Anthropogenic Compounds pp.274, 
ISBN 3-540-09690-6. (Springer-Verlag: 
1980.) Vol.1A DM98, $57.70; Vol.2A 
DM 126, $74.40; Vol.3A DM98, $57.70. 








THESE three volumes are the first part of 
what we are told in the preface will be a 
multi-part venture. Part Bs for all the 
present volumes are promised shortly, with 
further parts to be published at some later 
date. Readers are even asked for their 
Suggestions as to what future books might 
contain! Thus we appear to be at the start 
of what could become a major exercise in 
environmental chemistry publishing. At 
this early stage perhaps it is timely to 
examine both the achievements of what is 
‘now published and see what guidance it 
gives for future projects of this sort. 

Each of the present volumes contains 
between nine and thirteen chapters, each 
by different authors. Generally they seem 
to be aimed at an audience at post-graduate 
level. The whole is edited by O. Hutzinger 
who is in the Laboratory of Environmental 
and Toxicological Chemistry at the 
University of Amsterdam. He has clearly 
put in an enormous amount of work to get 
the venture started and presumably 
continues to labour mightily on future 
volumes. Although editorial supervision is 
obviously important for a worthwhile 
outcome, the editor is, as always in a 
project of this kind, almost totally at the 
mercy of the people whe are writing the 
individual articles. In spite of the fact that 
the authors are generally well known in 
their subject areas, the final result here is a 
series of chapters of very uneven content 
and quality. Some authors have done a 
really excellent job in summarizing their 
allotted topics; conversely, several chapters 
appear to do considerable injustice to the 
sub-branch of environmental chemistry 
which they are supposed to cover. This 
patchiness seriously limits the value of the 
whole venture, Presumably, the whole 
purpose of a handbook is that it can always 


be relied on to give the sort of information 
and understanding one requires. If this 
reliability is lost by some contributions 
being sub-standard, then one might as well 
go back to using a collection of textbooks 
and journal articles covering more 
restricted parts of the topic. 

Since only Part As are currently 
available, it is not possible to comment at 
this stage on the comprehensiveness of the 
Handbook or on problems of overlap or 
underlap between chapters. The arrange- 
ment into three volumes is done in a 
rather interesting way. Volume 1 contains 
chapters on the hydrosphere, atmosphere, 
oceans and soils as well as contributions on 
aspects of biogeochemical cycling. In this 
last group the article by P. J. Craig, “Metal 
Cycles and Biological Methylation’’, 
deserves special mention since it is a most 
informative and well balanced appraisal of 
the topic, particularly with respect to the 
routes and importance of methylation 
reactions. 

The second volume is concerned with 
reactions and processes which transport 
and modify substances in the environment. 

Volume 3 contains nine chapters, each on 
a particular man-made chemical (or group 
of chemicals) or natural substance whose 
behaviour is being affected by anthro- 
pogenic activities. The list of chemicals 
covered so far is plainly far from complete. 
This treatment by individual substance is 
perhaps how one might have expected 
the whole Handbook to have been 
organized. The editor is surely right in 
adopting the approach of establishing the 
basic principles of the subject in Vols | and 
2 before proceeding to a detailed 
examination of individual chemicals. 

As to the future of the Handbook the 
message is clear — vigilance in choice of 
authors is paramount. Although articles 
must obviously be written by experts in 
their subject area, it is more important that 
they should be prepared to make the effort 
to do justice to their topic rather than be 


well known in the field. E 





Peter §. Liss is Reader in the School of 
Environmental Sciences, University of East 
Anglia, and Scientific Adviser in the 
Environmental Studies Section at CEGB 
Headquarters. 


Immunity in fertility 
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Immunological Aspects of Reproduction 
and Fertility Control. Edited by J. P. 
Hearn. Pp.253. ISBN 0-85200-265-3/ 
0-8391-4143-2. (MTP/University Park 
Press: 1980.) £19.95, $44.50. 








WHILE reproductive immunology has 
undoubtedly come of age as a discipline in 
its own right, it still bears the scars of its 
rather uncontrolled upbringing in the 
hands of enthusiastic but sometimes less 
than rigorous investigators of a wide range 
of backgrounds. From the resulting morass 
of scattered, uneven, occasionally 
confusing, frequently conflicting data, it is 
now time to extract the relevant and 
scientifically sound and to reject the 
remainder. Reviews in this field must 
therefore be selective, highly critical and, 
most emphatically, not merely exhaustive 
catalogues of information. This volume of 
ten reviews meets this requirement only in 
part, with almost the full range of 
possibilities from the truly excellent, 
through the generally acceptable, to the 
frankly deplorable. Readers familiar with 
the field as a whole will hopefully readily 
discern these categories but the newcomer 
will require some guidance. 

The coverage of the book is wide, with 
many, but not all, of the immunological 
aspects of reproduction and fertility 
control included. It is really two books in 
one, with the first section largely examining 
the maternal ~foetal relationships in 
pregnancy and the disorders and diseases, 
in particular infertility and pre-eclampsia, 
which may result from disturbances in the 
normal system, and the second section 
exploring the possible avenues leading to 
the production of contraceptive vaccines 
based upon reproductively unique 
antigens. The chapters are very variable in 
length and approach, some presenting 
reviews of a general topic and others 
structured around more specific interests 
and personal data. The philosophy that an 
understanding of normal reproductive 
mechanisms will illuminate both patho- 
logical events and the means of interven- 
tion, as well as vice versa, is here given 
reasonable substance, and there are many 
encouraging signs of advance in this 
fascinating field. 

However, this is not to say that many of 
the major problems do not remain to be 
solved. Despite considerable endeavour it 
is still not known by what means the foetus, 
or more precisely the placenta, avoids 
rejection as an intra-uterine allograft, 
whether simply by failing to display 
appropriate target antigens or by complex 
mechanisms involving one or more of a 
diverse range of maternal cellular and 
humoral immunoregulatory factors. There 
is conclusive evidence for a primary 
immunological causation in very few 
clinical disorders of reproduction. An 








Nature Vol. 292 6 August 1981 


565 





acceptable form of contraceptive vaccine is 
also still awaited, since the most advanced 
contender, the placental protein hormone 
chorionic gonadotrophin (hCG), has 
demonstrated the fundamental difficulty 
of this approach: that of achieving 
effective levels of non-cross-reacting, high- 
affinity antibody in individuals of varied 
immune responsiveness with preparations 
of such low immunogenicity as to require 
the use of potentiating carrier agents and 
undesirable adjuvants, to say nothing of 
the possible side-effects. It is questionable 
whether three entire chapters should have 
been devoted to this specific molecule, 
although they certainly highlight the hopes 
and fears of those working in this 
important area, illustrated also by two 
further chapters giving consideration to the 
potential use of a hypothalamic releasing 
hormone and antigens of the zona 
pellucida. It is a pity that the spermatozoal 


antigens of relevance in this context should 
have been relegated to the depths of the 
lengthy review by Jones on male and 
female infertility. 

This book deserves to be read because it 
is a fair reflection of the current state of the 
art, warts and all. But if your time or 
interest is limited then my advice is to read 
only the conclusions to each chapter and 
then go on to digest in full those by Cooper, 
on immunological relationships between 
mother and conceptus, and by Redman, on 
immunological aspects of pre-eclampsia. 
Both show how it is possible to produce a 
balanced, critical analysis out of a 
confusion of data and thereby firmly point 
the way forward to the required goals. 


Future reviewers please note. E 





W. D. Billington is Reader in Reproductive 
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Vertebrates. By Erik Jarvik. Vol.1 
pp.575, ISBN 0-12-380801-4; Vol.2 
pp. 337, ISBN 0-12-380802-2. (Academic: 
1981.) Vol. 1 £41, $94.50; Vol. 2 £24.40, 
$56.50. 





IN 1958 one of the recipients of the Linnean 
Society’s Darwin-Wallace centenary 
medal was Professor E.A. Stensid, who 
was honoured principally for his 
contribution to techniques of fossil 
preparation. His most important 
contribution was the technique of serial 
grinding in which specimens (particularly 
fossil skulls) are ground away to expose a 
minutely controlled series of sectional 
views. No specimen then remains, but a 
series of drawings and photographs are 
used to make large-scale, wax-plate 
reconstructions. 

Stensié may be regarded as the founder 
of the “Stockholm School” of vertebrate 
palaeontologists. Professor Jarvik, author 
of this two-volume work, is his former 
student and scientific heir, and was, until 
his retirement a few years ago, Stensid’s 





series initiated by Stensid. 


Eusthenopteron foordi Whiteaves (1881): the 
specimen that provided the skull for the grinding 


successor in the Chair of Palaeozoology at 
the Natural History Museum in Stock- 
holm. Thus these volumes record the 
meticulously detailed comparative 
anatomy and palaeontology, with 
numerous, detailed and beautiful line 
drawings, which characterize the Stock- 
holm School, Unhappily, however, 
another characteristic feature of the work 
of Stensid, Jarvik and their coworkers is 
very much to the fore: this is due to their 
isolation, in matters of principle, theory 
and interpretation, from colleagues else- 
where in the world and particularly from 
English-speaking palaeontologists. Thus 
anyone who expects a balanced review of 
important problems in vertebrate 
evolution, with views opposed to Jarvik’s 
given due weight, will be disappointed. Not 
for him is Sir Karl Popper’s dictum that the 
good philosopher or scientist should put 
his opponent’s case in the most convincing 
manner before proceeding to criticize it. 
Following an introduction Jarvik’s first 
two chapters, amounting to 184 pages, are 
devoted to an uncompromisingly detailed 
account of the anatomy of two fish, the 











primitive extant form Amia and the 
Devonian fossil Eusthenapteron. The 
account of Amiais confined to the skeleton 
and to those features of the ‘‘soft 
anatomy'’ which can reasonably be 
restored in a well-preserved fossil skull. 
The account of Eusthenopteron is equally 
detailed with the ‘‘soft anatomy” restored 
by comparison with Amia and other 
vertebrates. Eusthenopteron has for many 
years been accorded great importance by 
students of vertebrate phylogeny as the 
best known representative of a group of 
fishes standing close to the ancestry of land 
vertebrates. Jarvik’s preoccupation with it 
has endured throughout his research 
career, largely as the result of studying ones 
superb skull specimen from a grinding 
series initiated by Stensié. 
The rest of the first volume is devoted to 

a review of early fossil vertebrates. Apart 
from details from living forms and 
occasional fossils used solely for 
comparison, none is of later than Devonian 
age, i.e. less than about 350 million years 
old. One practical and one theoretical 
consideration seem to have conditioned 
this choice: the first is that Jarvik and his 
present Stockholm colleagues have done 
little or no work on post-Devonian fossil 
vertebrates; the second is Jarvik’s often- 
repeated view that all of the most 
important events in vertebrate evolution 
were over by the end of the Devonian, so 
that (with some exaggeration) Homo 
sapiens might be regarded as a aberrant 
Eusthenopteron-like fish! Specialists will 
find much to admire and also much to 
disagree with in the details of this review 
section: Jarvik’s heterodox view that both 
the Dipnoi (lungfish) and the extinct 
acanthodians are more closely related to 
sharks than to bony fish will provoke 
many, as will the views (derived from 
Stensid) on the nature of the relationship of 
early jawless vertebrates to extant 
cyclostomes. However, perhaps of more 
general interest is Jarvik’s partial 
fulfilment of a frequently-expressed hope 
of his colleagues world-wide. Jarvik’s 
department has on loan from the Danish 
Government an enormous mass of material 
of the world’s earliest known amphibia 
from the Devonian of East Greenland. The 
original specimens, deposited in 
Stockholm over 50 years ago, were 
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reviewed by the late G. Sdve-Séderbergh in 
1932 and since then scraps of information, 
mostly in the form of annotated drawings, 
have been released by Jarvik. This review 
section of his new book yields a few more 
crumbs in the form of figures and brief 
descriptions of the limbs and limb girdles, 
but people will still ask when the definitive 
monograph on these so-called ichthy- 
ostegids is to appear: 50 years is along time, 
even in vertebrate palaeontology. 

While Jarvik’s first volume does deal to 
some extent with (often heterodox) 
theories of relationship between groups of 
fishes, it consists mostly of comparative 
anatomy and taxonomy. However, the 
second, shorter, volume is concerned 
principally with theory. It is divided into 
four major sections: ‘‘Basic structure and 
composition of vertebrate head’’ (sic), 
“The origin of the paired extremities’’, 
“The origin of tetrapods’? and ‘‘Reca- 
pitulation and comment’’. i 

At first. glance the opening section 
appears to be a very old-fashioned treatise 
on the embryology and anatomy of the 
skull and associated structures, but there is 
more to it than that. Jarvik attempts to 
demonstrate that a much larger part of the 
cranial anatomy of vertebrates than is 
normally accepted is not just segmented 
(‘‘metameric’’) but actually formed of 
modified vertebrae — a reversion to the 
theories of the German Naturphilosophen 
of the early nineteenth century and 
particularly those of the poet Goethe. In 
this attempt Jarvik relies heavily on the 
work of his colleague H.C. Bjerring. 

The following section is something of a 
pleasant surprise in that it opens with a 
brief but adequate consideration of rival 
theories of the origin of the paired fins of 
fishes. Ironically, Jarvik’s views on this 
subject probably represent his most 
successful challenge to orthodoxy. 
However, they are followed by a treatment 
of the origin of the limbs of tetrapods 
which is strongly coloured by Jarvik’s best 
known and most controversial theory. This 
is that one group of tetrapods, the Urodela 
(newts and salamanders) evolved from a 
different known group of now-fossil fish 
than did all other tetrapods (the remaining 
amphibia, reptiles, birds and mammals). 
Throughout both volumes this theory 
keeps popping up — sometimes it is 
assumed in the interpretation of other 
theories or data, at other times evidence is 
cited to support it, occasionally with 
complete circularity of argument. Within 
the penultimate section of the second 
volume it is developed in full. It arose 
originally from Jarvik’s study of the snout 
of Eusthenopteron in which he 
documented a series of anatomical 
resemblances to the snout of frogs. He then 
claimed a second series of resemblances 
connecting members of another group of 
Devonian fish with the urodeles. 
Subsequently he has elaborated the 
comparison, seeking confirmation in other 
anatomical details. Many workers now 
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consider the theory to have been refuted by 
the study of amphibian snouts made by a 
South African, J.D. Jurgens, but Jarvik 
does not adequately discuss Jurgens’s case. 

As a bonus, Jarvik prefaces his 
discussion of tetrapod origin by a new 
theory of the mammalian ear in which he 
derives the three middle-ear ossicles of 
mammals from the hyoid arch of 
Eusthenopteron and, in rejecting the 
orthodox homologies, established over 140 
years ago, virtually ignores the evidence 
from the rich source of fossil mammal- 
like reptiles’’. 

The final section of the book opens with 
a chapter on general principles and 
methods, but does not really address the 
problem of the irreconcilable metho- 
dological differences between the author 
and his colleagues outside Stockholm. To 
Jarvik, the correct method of 
reconstructing phylogeny is the minutely 
detailed comparison between (inevitably) a 
small number of ancient fossils and an 
equally small number of putatively related 
extant forms. The enormous time gap is 
ignored in practice and minimized in 
theory by the assertion that nothing of 
great evolutionary importance has 
happened in the past 350 million years. The 
Anglo-American methodology on the 
other hand, also often gravely flawed, has 
been to search for ancestor~descendant 
sequences, studying, inevitably more 
superficially, large numbers of fossil 
species ranged over the whole span of 
vertebrate history. Perhaps in the future 
there will be a meeting of minds, also 
incorporating the less controversial 
features of cladistic analysis; but Jarvik’s 
book, admirably scholarly in many ways 
but perverse in many others, will not 
promote it. ie 





Alec Panchen, editor of the recent symposium 
volume The Terrestrial Environment and the 
Origin of Land Vertebrates (Academic, 1980), is 
Reader in Vertebrate Zoology at the University 
of Newcastle upon Tyne. 


Nervous molluscs 
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Molluscan Nerve Cells: From Biophysics 
to Behavior. Edited by John Koester and 
John H. Byrne. Pp.230. ISBN 0-87969- 
135-2. (Cold Spring Harbor Laboratory: 
1981.) $26, $31.20 outside the USA. 





One of the major goals of neurobiologists 
is to understand how higher processes such 
as learning and behaviour are related to 
and controlled by the electrical activity of 
nerve cells. Until recently, the prevailing 
view was that what counted most was the 
pattern of nerve cell connections, the 
nervous system’s wiring diagram, and not 
primarily the membrane properties of 
individual nerve cells. However, within the 
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past few years, a number of researchers 
have found that, at least for invertebrates, 
certain aspects of behaviour and 
“learning’’ can be explained surprisingly 
well at the level of the nerve cell 
membrane’s ionic channels. 

These recent findings depend, in large 
part, on our increasingly detailed 
understanding of the ionic basis of the 
electrical activity of nerve cells. In 1952, 
Hodgkin and Huxley demonstrated that 
the action potential of the squid axon could 
be understood in terms of two types of ion 
channels, one permeable to sodium, the 
other to potassium. While the Hodgkin- 
Huxley analysis still provides the 
framework for our present understanding 
of the electrical activity of nerve cells, it is 
now clear that no less than five distinct 
classes of channels exist. These channels 
play an important role in a variety of 
physiological processes, ranging from the 
control of transmitter release from nerve 
terminals to regulation of the rhythmic 
patterns of action potential firing 
produced by nerve cell bodies. 

In view of this rather complex 
description of the nerve cell membrane, 
this book provides a welcome survey of 


recent developments in the field. The first: 


in a new series entitled Cold Spring Harbor 
Reports in the Neurosciences, the book is 
composed of transcripts of talks from a 
recent symposium which concentrated on 
studies of molluscan nerve cells. The 
subjects are arranged in a logical order, 
starting with a discussion of the biophysical 
properties of ion channels and progressing 
to how such channel properties control 
spike generation patterns and behaviour. 
The book also includes chapters on the 
regulation of intracellular ions and the 
membrane effects of neurotransmitters 
and hormones. 

The material has been presented clearly 
and at a level which should be accessible to 
readers with no direct experience in the 
field, while at the same time informative to 
those more familiar with the subject. The 
book contains two introductory chapters 
(by Eric Kandel and Charles F. Stevens) 
and should be especially useful for 
graduate students. One, perhaps 
inevitable, shortcoming of a book with 
such a wide scope is that some topics are 
treated rather briefly and uncritically. This 
is particularly noticeable in areas where 
some controversy remains, such as the 
control of channel opening and closing by 
internal calcium ions and the mechanism of 
neurotransmitter modulation of the action 
potential. Still, the book is an excellent 
summary and introduction to recent 
findings in the study of molluscan nerve 
cells and provides an interesting example of 
how membrane biophysical techniques 
may be successfully applied to a wide range 
of biological questions. p 


Steven A. Siegelbaum is a Research Associate at 
the Laboratoire de Neurobiologie, Ecole 
Normale Supérieure, Paris. 
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A NINETEENTH-century anthropologist 
would perhaps have found it unsurprising 
to read that an author’s aim was to 
“consider human evolution from the point 
of view of social anthropology’. That this 
aim, which Professor Peter Wilson 
declares at the outset of his book, does 
sound a little odd today is a measure of the 
gulf which has developed over the years 
between social and biological 
anthropology, making it conventional now 
for social anthropologists to leave 
problems of the evolutionary past to their 
biological colleagues. 

Wilson, no doubt rightly in principle, 
will not allow such conventions to deter 
him from pursuing his interest in early 
human societies, and in doing so he meets 
head-on the main practical obstacle to his 
ambition: as he puts it, ‘‘social factors 
leave behind no evidence that can serve asa 
concrete subject of study’’. So readers are 
warned: what follows is, as the author 
frankly says, a purely speculative argu- 
ment, and anyone who expects much in the 
way of facts will be disappointed. 

Taken on its own terms, then, what is 
the nature of this argument? Wilson 
recognizes the value of the Darwinian per- 
spective; he is willing to imagine that 
human societies must once have been more 
like those of apes and monkeys than they 
now are; and he acknowledges that the 
human capacity for culture must ultimately 
be an evolved, genetically based 
characteristic. But how, he asks, can we 
explain the emergence of this characteristic 
in a particular primate genus at a particular 
pefiod and place? It is a good question, 
and, although he is by no means the first 
person to ask it, there is still room for fresh 
ideas. 

The basis of Wilson’s ideas is the 
biological proposition that primates are the 
most primitive and generalized of 
mammals, and that human beings are in 
turn the most primitive and generalized of 
primates. Lacking the evolved 
specializations which equip so many other 
animals for their particular ways of life, 
human beings must be flexible, they must 
be ready to make the best of whatever con- 
ditions they encounter, and they must doso 
by choosing froma range of options, rather 
than by giving standard responses: they 
must, in fact, be capable of dealing with 
varied day-to-day conditions of material 
and social life in ways that are too compli- 
cated to be genetically programmed in any 
specific way. From this need, which is both 
aconstraint and a source of freedom, arose 
the exceptional characteristically human 





specialization, the large brain: and with 
that came the capacities for thought, con- 
sciousness and ultimately culture. Human 
beings are thus ‘‘promising primates”, 
creatures of endless potential. 

In all this, the focus of Wilson’s atten- 
tion is, naturally. on the social impli- 
cations. From the generalization of sexual 
behaviour, he suggests, arises a longer- 
term mutual interest between males and 
females, which must be controlled by rules 
and bonds if it is not to lead to social chaos. 
The conjunction of the male-female bond 
with the female~infant bond forms the 
basis of a third bond between males and 
infants, and thus the cultural beginnings of 
kinship, the incest taboo and marriage. But 
it also creates a social problem, especially 
for the female, who plainly cannot 
maintain two close bonds at once. She must 
divide her attention and her time, and be 
able to convey the assurance that a 
neglected relationship will be returned to. 
Thus human beings must be “promising 
primates” in a second sense, committing 
themselves to the future of social 
relationships. 

What, then, should one make of an 
argument like this? At times, Wilson’s 
advocacy is admirable: serious but also 
stimulating, ingeniously argued, willing to 
recognize both primate capabilities and 
human peculiarities, and (not least of its 
virtues) well written and not too long. Cer- 
tainly it deserves the attention of anyone 
interested in the field. But ultimately it is 
not altogether satisfying, mainly because 
its virtues are not maintained consistently. 
Sometimes Wilson labours too hard over a. 
step in the argument, and the style suffers, 
And frequently he raises points of detail 
which tempt the reader to stop and quibble. 
Moreover, not all points of disagreement 
are mere details: let me give two illus- 
trations. 

The first concerns the use of the concept 
of generalization. There is, of course, more 
than a little truth in the notion of human 
beings as a biologically generalized species 
(though not in the idea that generalized is 
synonymous with primitive). But Wilson 
presses the concept of generalization much 
further than a biologist would be happy to, 
relying on it almost as though it were a 
physical law, a force which, once invoked, 
carries all aspects of anatomy and 
behaviour irresistibly along in a single 
current of evolutionary change. This takes 
Wilson away from his own correct insis- 
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“conditions of human evolution.. It‘ also 
creates difficulties for his argument: most 
notably, it leads him to treat sexual general- 
ization (i.e. continuous female receptivity) 
as a given feature of the human species, to 
which other features must adapt, rather 
than as a phenomenon to be explained in 
itself. 

The second problematic issue is related 
to the first. Wilson is fairer-mainded than 
many in the capacities that he is willing to 
attribute to the non-human primates: but, 
perhaps because his argument emphasizes 
their relative specialization, he does not go 
far enough. To take again the example of 
sex and bonding, he not only doubts the 
existence of primate sex drives, he also 
implies that primates do not have multiple 
social relationships to sustain, as early 


‘tence on understanding the underlying 





human beings, ‘he postulates, did . There is 


surely no shortage of evidence to refute this 
suggestion: and if one concedes this point, 
then Wilson’s explanation of why human 
capacities emerged when and where they 
did must lose much of its force. 

With flaws such as this, Wilson’s 
argument is far from being fully per- 
suasive, even at the frankly speculative 
level which he intends. But he has taken 
more trouble than many to present a 
balanced. view of early human societies 
and, despite its less than total success, his 
book deserves to be read by anyone with an 
interest in its theme. oO 





Robert Attenborough is a Lecturer in Biological 
Anthropology in the Department of Prehistory 
and Anthropology, Australian National 
University, Canberra. 


Electrochemistry, principles to practice 


A.J. Nozik and R.J. Gale 





». Electrochemical Methods: Fundamentals 


and Applications. By A.J. Bard and L.R. 
Faulkner. Pp.718. ISBN hbk 9-471-05542-5; 
ISBN pbk 0-471-08753-X. (Wiley: 1981.) 
Hbk £21, $39.85; pbk £11.75, $21.70. 





Tue field of electrochemistry is currently. 
undergoing a major renaissance, now 
having a central role in such exciting 
research areas as photoelectrochemistry, 
chemically modified electrodes, novel 
energy conversion systems and medical 
electronics. These fast-moving disciplines 
all involve a high degree of interaction 
between solid state physics, physical 
chemistry, photochemistry, surface 
science, engineering and electrochemistry. 
The appearance of Electrochemical 
Methods, which provides a clear and 
thorough account of all aspects of its 
subject, is thus timely. 

The book is encyclopaedic in scope, 
covering both basic principles of electro- 
chemistry and all the modern and relevant 
electrochemical and electroanalytical 
techniques; it is truly an exceptional 
resource for both practising electro- 
chemists and those eager to learn about this 
frequently intimidating subject. In ad- 
-x dition to the expected material on electro- 
chemical principles and techniques, the 
book also has a nice, concise introductory 
“ghapter on. spectroelectrochemistry and 
photoelectrochemistry; this includes 
: material on optical, electron and ion 
` spectrometry and related phenomena. 

The audience for the book will be large 
since it will also serve as a textbook for 
senior undergraduate and beginning 
graduate students. It is the first compre- 
hensive text to cover electroanalytical theory 
and techniques since Lingane’s (Electro- 
analytical Chemistry; Interscience, 1958) 
and Delahay’s (New Instrumental Methods 
in Electrochemistry; Interscience, 1954) 


books of the 1950s. Since then, the subject 
has grown enormously and the range of 
modern techniques has necessitated a re- 
evaluation of the emphasis in applications. 
This has been successfully achieved in this 
text, and it should prove to be of con- 
siderable value in advanced courses in 
electroanalytical chemistry. 

The omission of laboratory procedures 
is not especially troublesome since this area 
is complemented by Adams’ Electro- 
chemistry at Solid Electrodes (Dekker, 
1969) and Sawyer and Roberts’ Experi- 
mental Electrochemistry for Chemistry 
(Wiley, 1974). The absence of the more 
“‘classical’’ electrochemical topics could be 
a problem as most electroanalytical courses 
require at least a review of this material. It 
might also have been more appropriate to 
introduce concepts of the double-layer at 
an earlier stage than Chapter 12; Chapter 9 
should be singled out as an excellent intro- 
duction to impedance concepts, The 
emphasis and presentation of the subject 
material are superlative throughout and 
the text could not be improved without 
considerable expansion in size and cost. An 
additional bonus is the problems, which 
provide useful exercises in the more 
important concepts and topics. 

Very few errors have been noted; 
however, Problem 9.4 (p.368) does not 
tabulate the frequency as indicated, and the 
axes in Figure 14.8.2 (p.655) are labelled 
in an ambiguous (unconventional) manner. 

This text has filled a definite need in 
present-day electroanalytical literature. 
We recommend it highly to students, 
teachers and research scientists. G 


A.J. Nozik is Chief of the Photoconversion 
Research Branch at the Solar Energy Research 
Institute, Golden, Colorado, and R.J. Gale isan 
Assistant Professor in the Department of 
Chemistry at Louisiana State University, Baton 
Rouge. 








Ionic solutions 
A.K. Covington 





Tonic Liquids. Edited by D. Inman and 
D.G. Lovering. Pp.450. ISBN 0-306- 
40412-5. (Plenum: 1981.) $49.50, £31.19. 





Most conference volumes are conceived 
before the meeting itself takes place, and 
these days contributors are expected to 
arrive with camera-ready copy or place 
their expenses in jeopardy. The decision to 
publish the papers from this conference 
organized jointly by the Electrochemistry 
and Molten Salts Discussion Groups oNhe 
Chemical Society (now the Royal Society 
of Chemistry) apparently arose during the 
conference at St John’s College, Oxford, in 
July 1978. The intention of the meeting 
organizers was to provide a greater 
exchange of ideas between aqueous 
solution chemists and molten salt chemists, 
thereby focusing attention on the some- 
what neglected area of the properties of 
concentrated electrolyte solutions. 

As with most conference volumes, the 
quality, approach and style of the 20 
presentations are variable. Particularly 
valuable, however, are Enderby’s account 
of the important neutron scattering first 
order difference method of determining 
radial distribution functions, and hence 
cation and anion hydration in concentrated 
solutions such as NiCl,/D,O, CaCl,/D,O, 
Duffy and Ingram’s account of acid-base 
properties of concentrated aqueous 
solutions, and Adams and Hills’s 
perceptive survey of computer simulation 
methods. The latter authors are somewhat 
scathing in their criticism of the 
preoccupation of solution chemists with 
continuum theories. In this connection, 
one of the contributors (Richter) quotes a 
1957 paper of Fuoss and Onsager who 
thought that the problem of concentrated 
salt solutions should be approached from 
the fused salt side. Little progress has been 
made in those 24 years although recent 
approaches by Blander (Argonne), who 
was not a contributor, look promising. 

Several papers highlight problems of 
technological interest — Dead Sea brines 
(Marcus), aluminium halide containing 
melts (Osteryoung) and sulphur and 
sulphide species in melts (Plichon) — and 
restore the balance towards practical 
aspects. Four papers deal with various 
aspects of water in melts: industrial and 
electrochemical (Lovering), concentration 
dependence of transport properties 
(Claes), solution chemistry (Coombes), 
and effect on purification (White). 

The book is excellently produced with 
good, clear diagrams. It is to be 
recommended with the hope that it will, by 
placing the problems in perspective, 
encourage that progress which was the aim 
of the organizers. E 





A.K. Covington is Reader in Physical Chemistry 
at the University of Newcastle upon Tyne. 
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Applied Biological Sciences 


GEBELEIN, C. G. and KOBLITZ, F. F. Biomedical and Dental Applications of 
Polymers. Polymer Science and Technology, Vol.14, Based on an American 
Chemical Society Symposium held March 1980 at the 179th National Meeting in 
Houston, Texas, Pp.492. ISBN 0-306-40632-2. (Plenum: 1981.) $59.50. 

GORNALL, A. G. (ed.). Applied Biochemistry of Clinical Disorders. Pp.444. 
ISBN 0-06-141010-1. (Lippincott-Harper, Philadelphia: 1981.) $30. 

HILLENKAMP, F., PRATESI, R and SACCHI, C. A. (eds). Lasers in Biology 
and Medicine. NATO Advanced Study Institutes Series. Series A, Life Sciences, 
Proceedings of the NATO Symposium on Lasers in Biology and Medicine, 
Camaiore, Lucca, Italy, August 1979. Pp.463. ISBN 0-306-40470-2. (Plenum: 1980.) 
$49.50. 

JENKYN, J. F. and PLUMB, R. T. (eds). Strategies for the Control of Cereal 
Disease. Pp.219. ISBN 0-632-00716-8. (Blackwell Scientific: 1981.) £13. 

MIZRAHI, A. ef al. (eds), New Developments with Human and Veterinary 
Vaccines, 25th OHOLO Biological conference, Zichron, Ya'acov, Israel. Pp.444, 
ISBN 0-845 1-0047-5. (Alan R. Liss: 1980.) $36, Dfl.108. 

PETRIE, J. C. (ed.). Cardiovascular and Respiratory Disease Therapy. Clinically 
Important Adverse Drug Interactions, Voli. Pp.243. ISBN 0-444-80233-9, 
(Elsevier/North-Holland Biomedical: 1980.) $48.25, DI1,99. i 

RAINERI, A., KELLERMAN, J.J. and RULLI, V. (eds), Selected Topics in 
Exercise Cardiology and Rehabilitation. Ettore Majorana International Science 
Series, Life Sciences, Vol.4, Proceedings of the Ist Course held in Erice, Sicily, 
October 1979. Pp.279. ISBN 0-306-40566-0. (Plenum: 1980.) $35. 

RUBENSTEIN, I. ef al. (eds), Genetic Improvement of Crops. Emergent 
Techniques. Pp.242. ISBN 0-8166-0966-7. (University of Minnesota Press: 1980.) 
$22.50. 

SAKAGUCHI, K, and OKANISHI, M. (eds). Molecular Breeding and Genetics 
of Applied Microorganisms. Pp.160. ISBN 0-12-615050-8. (Academic: 1981.) $27. 

SERROU, B. and ROSENFELD, C. (eds). Immune Complexes and Plasma 
Exchanges in Cancer Patients. Human Cancer Immunology, Vol.1. Pp.344. ISBN 
0-444-80237-1. (Elsevier/North-Holland Biomedical Press: 1981.) $87.75, Dfl. 180. 

SKINNER, F. A., PASSMORE, S. M. and DAVENPORT, R. R, (eds). Biology 
and Activities of Yeasts, The Society for Applied Bacteriology Symposium Series, 
No. 9. Pp.310. ISBN 0-12-648080-X. (Academic: 1981.) £15.80, $36.50. 

VAINIO, H., SORSA, M. and HEMMINKI, K. (eds). Occupational Cancer and 
Carcinogenesis. Pp.422. ISBN 9-89116-193-7, (Hemisphere Publishing: 1981.) 
$49.50. 

WAGNER, J.C. (ed.). Biological Effect of Mineral Fibres, Vol.2. Proceedings of 
a Symposium held at the International Agency for Research on Cancer, Lyon, 
France, September 1979. Pp.1007. ISBN 2-85598-199-9. (International Agency for 
Research on Cancer, Lyon: 1980.) SwFr. 60, $35. 

WALKER, E. A. et al (eds), N-Nitroso Compounds: Analysis, Formation and 
Occurrence. Proceedings of the Vith International Symposium held in Budapest, 
October 1979, Pp.841. ISBN 92-8-321131-6. (International Agency for Research on 
Cancer, Lyon: 1980.) SwFr. 70, $40. 

ZWEIG, G. and SHERMA, J. (eds). Updated General Techniques and 
Additional Pesticides. Analytical Methods for Pesticides and Plant Growth 
Regulators, Vol.XI. Pp.408. ISBN 0-12-784311-6. (Academic: 1980.) $46. 


Psychology 


FRANSELLA, F. (ed.). Personality. Theory, Measurement and Research. 


Pp.256. Hbk ISBN 0-416-72770-0; pbk ISBN 0-416-72780. (Methuen: 1981.) Hbk 


£10.50; pbk £4.95. 

FRIEDMAN, $. L. and SIGMAN, M. (eds). Preterm Birth and Psychological 
Development. Pp.438. ISBN 0-12-267880-X. (Academic: 1981.) $34, 

GRISSO, T. Juveniles’ Waiver of Rights. Legal and Psychological Competence. 
Perspectives'in Law & Psychology, Yol.3. Pp.295, ISBN 0-306-40526-1. (Plenum: 
1981.) $32.50. 

HERSEN, M.J EISLER, R. Mvand MILLER, P. M. ledi), Progress in Behavior 
Modification, Vol. 10. Pp.243; ISBN 0-12-535610-2. (Academic: 1980.) $27. 

KENDAL, P. C. and HOLLON, S. D. (eds). Assessment Strategies for Cognitive- 
Behavioral Interventions. Personality and Psychopathology.. Pp.425. ISBN 
0-12-404460-3. (Academic: 1980.) $29.50. 

LEWIS, H. B, Freud and Modern Psychology, Vol.1, The Emotional Bases of 
Mental Illness. Emotions, Personality and Psychotherapy. Pp.247. ISBN 
0-306-40525-3. (Plenum: 1981.) $19.50, 

LUCURTO, C. M., TERRACE, H. S. and GIBBON, J. (eds). Autoshaping and 
Conditioning Theory, Pp.313. ISBN 0-12-454480-0. (Academic: 1980.) $30. 

PALMER, E. L. and DORR, A. (eds). Children and the Faces of Television. 
Teaching, Violence, Selling. Pp.359. ISBN 0-12-544480-X. (Academic: 1980.) 
$24.50. 

PIAGET, J. Intelligence and Affectivity: Their Relationship During Child 
Development. Pp.77. ISBN 0-8243-2901-5. (Annual Reviews, Palo Alto, California: 
1981.) $8 (U.S.A.),$9 (elsewhere), 

REHM, L. P..Behavior Therapy for Depression, Present’ Status and Future 
Directions, Pp.389. ISBN 0-12-585880-9. (Academic: 1980.) $29.50. 

SALES, B. D. (ed:): The Trial Process. Perspectives in Law and Psychology, 
Vol.2. Pp.506. ISBN 0-306-40491-5. (Plenum: 1981.) $39.50. 

TAJFEL, H, Human Groups and Social Categories. Pp.369. Hbk ISBN 
0-$21-22839-5; pbk ISBN 0-321-28073-7. (Cambridge University Press: 1981.) Hbk 
£25; pbk £7.95. 


VALZELLI, L. Psychobiology of Aggression and Violence. Pp.262, ISBN 
0-89004-403-1, (Raven: 1981.) $26, 

WEXLER, D. B. Mental Health Law. Major Issues. Perspectives in Law and 
Psychology, Vol.4. Pp.270. ISBN 0-306-40538-5. (Plenum: 1981.) 424. 

YENBI-KOMSHIAN, G. H., KAVANAGH, J. F. and FERGUSON, C. A. {eds}. 
Child Phonology. Vol.2, Perception. Perspectives in Neurolinguistics, 
Neuropsychology and Psycholinguistics, Pp.254, ISBNO-12-770602-% (Academic: 
1980.) $24. 


Sociology 


BREZHNEV, L. L Socialism, Democracy and Human Rights. Pp.247. ISBN 
0-08-023605-7, (Pergamon: 1981.) £2 

COOMBS, P. H. (ed.}. Meeting the Basic Needs of the Rural Poor. A Report of 
The International Council for Educational Development. Pp.fi6. ISBN 
0-08-026306-2. (Pergamon: 1980.) £24.75. 


History of Science 


BOWERS, J. Z. When The Twain Meet. The Rise of Western Medicine in Japan. 
The Henry E. Sigerist Supplements to the Bulletin of the History of Medicine, New 
Series No. 5. Pp.173. ISBN 0-8018-2432-X. (The Johns Hopkins University Press: 
1981.) $14. 

CASTILLEJO, D. The Expanding Force in Newton's Cosmos As Shown in His 
Unpublished Papers. Pp.125. Flexi ISBN 84-85005-49-X. (Ediciones de Arte Y 
Bibliofilia, Madrid: 1981.) Np. 

JAHNKE, H. N. and OTTE, M. (eds). Episternological and Social Problems of 
the Sciences in the Early Nineteenth Century. Pp.430. ISEN 90-277-1223-9. (Reidel: 
1981.) $31.50, Df1.60. 

KINTAKKA, J., GRUENDER, D. and AGAZZI, E. {eds}. Theory Change, 
Ancient Axiomatics, and Galileo’s Methodology. Proceedings of the 1978 Pisa 
Conference on the History and Philosophy of Science. Volt, Synthese Library, 
Studies in Epistemology, Logic, Methodology, and Philosophy of Science, Vol, 145. 
Pp.348. ISBN 90-277-1126-7. (Reidel: 1980.) $50. 

KINTAKKA, J., GRUENDER, D. and AGAZZI, E. (eds). Probabilistic 
Thinking, Thermodynamics and the Interaction of the History and Philosophy of 
Science. Proceedings of the 1978 Pisa Conference on the History and Philosophy of 
Science, Vol.I]; Synthese Library. Studies in Epistemology, Logic, Methodology, 
and Philosophy of Science, Vol.146. Pp.440. ISBN 90-277-1127-8, (Reidel: 1980.) 
$89.50, DALOS.. 

MARK, J. Four Anthropologists: An American Science in Is Early, Years. 
Pp.209. ISBN 0-88202. (Science History Publications, New York: 1980.) $20. 

WALLACE, W. A. Prelude to Galileo. Essays on Medieval and Sixteenth. 
Century Sources of Galileo’s Thought. Pp.369. Hbk 90-277-1215-8: pbk ISBN 
90-277-1216-6. (Riedel: 1981.) Hbk Df. 95.00, $49.95: pbk DFL 45.00, $23.50. 


General 


BACKNELL, H. HEL Energy and the National Defense. Pp.235. ISBN 
0-8131-0402-5. (The University Press of Kentucky: 1981.) £19.40. 

BAILLAUD, R. Souvenirs D'un Astronome (1908-1977.) Pp.631. (imprimerie 
Carrere-12-Rodez: 1980.) Flexi Np. 

BALLMER, T. and BRENNENSTUHL., W. Speech ActClassification: A Study 
in the Lexical Analysis of English Speech Activity Verbs. Springer Seriesin Language 
and Communication, Vol.8. Pp.274. ISBN 3-440-10294-9. (Springer-Verlag: 1981) 


© DM 57, $33.60. 


BARNEY, GCO. (Study Director) The Global 2000 Report to the President of the 
U.S. Entering the 21st Century, Vol.1, The Summary Repor:. A Report Prepared by 
the Council on Environmental Quality and the Department of State. Pp.360. Hbk 
ISBN.0-08-024617-6, pbk ISBN 0-08-024618-4. (Pergamon: 1981.) £25, $5002 vols.) 

BARRACLOUGH, N. Preology. Socieded Española de Historia Y Filosofiade la 
Cienca, Madrid. Pp.260. Flexi ISBN 0-08-026083-7, (Pergamon: 1981.) £5.85, 
$14.25. 

BATESON, P. P. G: and KLOPFER, P. H. (eds). Perspectives in Ethology. 
Vol.4, Advantages of Diversity. Pp.249. ISBN 0-306-40511-3. (Plenum: 1981.) Np. 

BAYNES-COPE, A, D. Caring for Books and Documents, Pp.32. ISBN 
0-7141-2006-5, (British Museum, London: 1981.) £2.50. 

BELLAMY, D. and MACKIE, S. The Great Seasons, 
0-340-25720-2. (Hodder & Stoughton: 1981.) £9.95. 

BOGLI, A. Karst Hydrology and Physical Speleoiogy. Pp.284. ISBN 
3-540-10098-9. (Springer-Verlag: 1980.) DM $8, $34.30. 

BREZHNEV, L. I. Peace Detente Co-operation. Pp.197. ISBN 0-306-10911-9, 
Consultants Bureau, New York and London: 1981.) Np. 

DURAND-DROUHIN, J.-L. and SZWENGRUB, L.-M (eds}. Rural 
Community Studies in Europe. Trends, Selected and Annetated Bibliographies, 
Analyses, Vol. 1. Pp.332. ISBN 0-8-021384-7. (Pergamon: 1981.) £30, $72. 

EISENBERG, L. and KLEINMAN, A. {eds}. The Relevanee of Social Science for 
Medicine. Culture, Illness and Healing, Vol. 1. Pp.398. Hbk ISBN 90-27-1176: 
pbk ISBN 90-277-1185-2. (Reidel: 1980.) Hbk Df1.65, $34: pbk Df.30, $14.95. 

OQUIST, P. Violence, Conflict, and Politics in Colombia, Pp.263. ISBN 
0-12-527750-4. (Academic: 1980.) $25, 

SHAYER, M. and ADEY, P. Towards a Science of Science Teaching. Cognitive 
Development and Curriculum Demand. Pp.159. Pbk ISBN 435.57825-1. 
(Heinemann Educational: 1981.) Pbk np. 

SIDERI, S. and JOHNS, S. (eds). Mining for Developmen in the Third World. 
Multinational Corporations, State Enterprises and the International Economy. 
Pp.325. ISBN 0-08-026308-9, (Pergamon: 1981.) £17.50, $35. 
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Awards 


Dr Paul Rebut (deputy director of JET) has 
been awarded le Grand Prix de Physique 
Jean Ricard for 1981 by the Council of the 
Societé Francais de Physique (SFP). 


The annual Karl Heinrich Gyr and 
Heinrich Landis Commemorative Prize, 
which is administered by the Institution of 
Electrical Engineers, has been awarded to 
Mr Martin Weston of the BBC. 


The International Union Against Cancer, 
with the funds provided by the American 
Cancer Society, will award Eleanor 
Roosevelt Fellowships for research on 
cancer only to persons on the staff of 
universities, teaching hospitals, research 
laboratories or similar institutions, and to 
investigators who are devoting themselves 
to the experimental or the clinical aspects 
of cancer research. The Yamagiwa- 
Yoshida Memorial International Cancer 
Study Grants are funded by the Japan 
National Committee for the UICC. These 
Study Grants are also administered by the 
International Union Against Cancer. They 
are designed to enable investigators of any 
nationality to gain experience in, or make 
comparative studies of, special techniques 
in both the biological and clinical aspects of 
cancer research. Application forms and 
additional information from: 
International Union Against Cancer, rue 
du Conseil-Général, 3, 1205 Geneva, 
Switzerland. 


Twenty Harkness Fellowships tenable for 
between 12 and 21 months are offered each 
year. The award includes return fares to the 
United States, living and family 
allowances, travel in America (with car 
rental allowance), tuition and research 
expenses, a book and equipment allowance 
and health insurance. Candidacy is open to 
men and women between 21 and 30 years of 
any profession or field of study, who are 
citizens of the UK and have recieved both 
secondary schooling and further education 
(or equivalent professional experience in 
lieu of further education) wholly or mainly 
in the United Kingdom. For application 
forms: send a s.a.e. carrying 26p postage, 
and measuring not less than 10 inches by 7 
inches, to The Harkness Fellowships (UK), 
Harkness House, 38 Upper Brook Street, 
London W1, UK. 


Meetings 


13-16 October, Indoor Air Pollution, 
Health and Energy Conservation, 
Massachusetts (Dr J.D. Spengler, Dept of 
Environmental Health Sciences, Harvard 
School of Public Health, 665 Huntington 
Ave, Boston, Massachusetts 02115, USA). 


14 October, Geological Aspects of the 
Disposal of Radioactive Waste in the Sea, 
London (Mineralogical Society, 41 
Queen’s Gate, London SW7, UK). 

18-23 October, Water Chlorination: 
Environmental Impact and Health Effects, 
California (Dr R.L. Jolley, Oak Ridge 
National Laboratory, PO Box X, Oak 
Ridge, Tennessee 37830, USA). 

19-22 October, Pattern Recognition, 
Munich (Prof. Dr H. Marko, Lehrstuhl für 
Nachrichtentechnik der Technischen 
Universitat Miinchen, 8000 Miinchen, 
FRG). 

19-21 October, Spectroscopic Methods for 
Biomedical Research, Columbus (K.L. 
Waite, Batelle’s Columbus Laboratories, 
505 King Avenue, Columbus, Ohio 43201, 
USA). 

23-24 October, The Role of Receptors in 
the Skin, Nice (Prof. Hans Schaeffer, 
CIRD, Sophia Antipolis, F-06565 
Valbonne, France). 

27-30 October, 10th European Symposium 
on Clinical Pharmacological Evaluation in 
Drug Control: Drugs for Infants and 
Children, Schlangenbad (World Health 
Organization, 8, Scherfigsvej, DK-2100 
Copenhagen ©, Denmark). 

25-28 October, Laboratory Health and 
Safety, Loughborough (Centre for 
Extension Studies, University of Tech- 
nology, Loughborough, Leicester, UK). 
25 October — 7 November, Plant Tissue 
Culture Methods and Applications in 
Agriculture, Los Banos (Dr T.A. Thorpe, 
Dept of Biology, University of Calgary, 
Calgary, Alberta, Canada T2N 1N4). 
27-29 October, Polynuclear Aromatic 
Heterocarbons, Columbus (D. Cooley, 
Battelle’s Columbus Laboratories, 505 
King Ave, Columbus, Ohio 43201, USA). 
29-31 October, Rural Development and 
Retention of the. Rural Population in the 
Countryside of the Developing Countries, 
Ottawa (J. Havet, Institute for Inter- 
national Cooperation, University of 
Ottawa, 190 Laurier Ave East, Ottawa, 
Ontario, Canada KIN 6N5). 

29-30 October, Office Health and Safety, 
Loughborough (Centre for Extension 
Studies, University of Technology, 
Loughborough, Leicester, UK). 

31 October — 2 November, Annual 
Meeting of the American Society for 
Cybernetics, Washington (Dr L.D. 
Richards, Dept of Administrative Science, 
Colby College, Waterville, Maine 04901, 
USA). 

3-6 November, Working Group on 
Appropriate Technology for Health in 
Radiology, Radiotherapy and Nuclear 
Medicine, Rome (World Health Organ- 
ization, 9, Scherfigsve}, DK-2100 
Copenhagen ©, Denmark). 

3-6 November, Health and Safety at Work, 
Wembley (Maclaren Exhibitions Ltd, 
Davis House, 69-77 High St, Croydon, 
UK). 


3-9 November, Remote Sensing of Arid 
and Semi-arid Lands, Cairo (E.S. 
Kasischke, Environmental Research 
Institute of Michigan, PO Box 8618, Ann 
Arbor, Michigan 48107, USA). 

4-6 November, EFOC ’81, Cologne 
(Information Gatekeepers Inc. c/o Tom 
Wearden Associates Ltd. 11 Chalmore 
Gardens, Wallingford, Oxon, UK). 

9-11 November, Mechanical Behavior of 
Salt, Pennsylvania (Dr H. Reginald Hardy 
Jr, Rock Mechanics Laboratory, Room 
117 Mineral Sciences Building, The 
Pennsylvania State University, University 
Park, Pennsylvania 16802, USA). 

7-8 November, 32nd Annual Meeting of 
the American Association for the Study of 
Liver Diseases, Chicago (Charles B. Slack, 
Inc. 6900 Grove Rd, Thorofare, New 
Jersey 08086, USA). 

9-13 November, 1981 Postgraduate Course 
in Clinical Pharmacology, Drug 
Development and Regulation, New York 
(Dr W.M. Wardell, Dept of 
Pharmacology, The University of 
Rochester Medical Center 601 Elmwood 
Ave, Rochester, New York 14642, USA). 
11 November, Precambrian—Cambrian 
Evolutionary Explosion, Bristol (Dr R. 
Riding, Dept of Geology, University 
College, Cardiff, UK). 

19-21 October, Working Group on 
Legionnaires Disease, Baden (World Health 
Organization, 8, Scherfigsvej, DK-2100 
Copenhagen O, Denmark). 

12-13 November, Advisory Committee on 
Prophylactic, Diagnostic and Therapeutic 
Substances, EURO (World Health 
Organization, 8, Scherfigsve], DK-2100 
Copenhagen O, Denmark). 

14-19 November, Seminar on Appropriate 
Technology for Drinking Water 
Demineralization, Algiers (World Health 
Organization, 8, Scherfigsve], DK-2100 
Copenhagen O, Denmark). 

12-13 November, Common Denominators 
in Art and Science, Edinburgh (Prof. M.R. 
Pollock, Marsh Farm House, Margaret 
Marsh, Shaftesbury, Dorset, UK). 

16-17 November, HPLC of Proteins and 
Peptides, Washington (R. Schulthess, 
Varian AG, Steinhauserstrasse, 6300 
Zug/Switzerland). 

17-19 November, Taking Industry Off- 
shore, London (IMechE, 1 Birdcage Walk, 
Westminster, London SW1, UK). 

18-19 November, Business Opportunities 
in Genetics, Madison (C.W. Little, 
University of Wisconsin Extension, Dept 
of Engineering, 432 North Lake St, 
Madison, Wisconsin 53706, USA). 

16-17 December, Structure of the Inter- 
facial Region, Oxford (Dr M. Lal, Unilever 
Research, Port Sunlight Laboratory, 
Bebington, Wirral, Merseyside, UK). 
17-20 December, Annual Conference of 
The Palacontological Association, Exeter 
(Prof. J.W. Murray, Dept of Geology, 
University, Exeter, UK). 
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Colorimeter. Brinkmann Instruments Inc. 
have produced four new dipping probe 
colorimeters. These use a fibre optic light 
guide and detector system, and a specially 
designed dipping probe which is inserted 
into the solution to be measured. Phase- 
shifted, a.c. modulated light is transmitted 
to the probe tip and back to silicon 
detectors through an interference filter. 
This system allows measurements to be 
made without any effects due to extraneous 
or ambient light. 
(analogue) and PC-800 (digital) have slide- 
in interference filters which cover the 
visible range of the spectrum. Probe tips 
are available in stainless steel, glass and 
polycarbonate (Lexan). The diameter of 
the probe tip is < 1 cm, thus it can be easily 
inserted into a test tube and readings made 
for a sample as small as 0.5 ml. These 
colorimeters have applications in the 
chemical and pharmaceutical industries. 

Circle No. 90 on Reader Enquiry Card. 
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Ultrasonic system. Rinco Ultrasonics have 
just announced their new Bio 70, which is 
claimed to be the smallest ultrasonic system 
for biological, chemical and botanical 
investigations. The silent probe, which is 
no larger than a fountain pen, operates at 
70 kHz and is powered -by a portable 50 W 
generator, which weighs only 6 kg. Now the 
complete ultrasonic apparatus can be 
carried to the working area which decreases 
the possibility of cross-contamination. 

Circle No. 91 on Reader Enquiry Card. 














XY ON THE MARK. 


Particle size analyser. The latest particle 
size analyser from CILAS provides 
extremely fast and accurate measurement 
of powders. It measures the diffraction of a 
coherent light beam by grains of the 
powder which are held in suspension in a 
suitable liquid medium. Average measure- 
ment time is 5 min and reproducibility is 
within + 1%. 

Circle No. 93 on Reader Enquiry Card. 





Models PC-700 l 


Circle No. 95 on Reader Enquiry Card. 
ai 


Thin film production. New from Balzers is 
the BAK 760, a system used for precision 
resistor networks and hybrid circuits where 
resistant and contact evaporation coatings 
need to be applied. As well as applying thin 
film to integrate circuits or liquid crystal 
displays, large quantities of ceramic rods 
coated with Ni-Cr for the production of 
highly stable metal-coated resistors can be 
processed in a tumble-cage device. Film 
thickness and evaporation rate are 
measured and adjusted during the evapor- 
ation process by the quartz crystal method 
and the results shown on a display. Based 
on these values, the microprocessor can 
control up to four evaporation sources and 
can be programmed in any desired order. 
The capacity of the BAK 760 ranges from 
2-inch diameter to 4 x 4 inch substrate. 
The cage evaporation device has a capacity 
up to 31. 

Circle No. 94 on Reader Enquiry Card. 


antibiotic susceptibility testing has long 


| been thought to have distinct advantages 


over the disk diffusion method. However, 
there have been practical problems in the 
preparation of plates incorporating anti- 
biotics. Mast Laboratories announce a 
major new product, ADATAB, which over- 
comes these problems and allows agar 
dilution to be used for routine suscep- 
tibility testing. Adatab consists of 
accurately assayed quantities of antibiotic 
in an inert non-interfering soluble carrier. 
By placing one Adatab in 100 ml of culture 
medium and allowing 3 min for the carrier 
to dissolve, six plates of a specific 
recommended antibiotic breakpoint 
concentration can be poured. This can be 
easily scaled up for the larger laboratory. A 
range of concentrations for MIC work can 
be prepared as required. 





Hg vapour detector. The Data Acquisition 
1500.DP5 mercury vapour detector can be 
easily connected to a chart recorder to 
provide a permanent record (and alarm) of 
the mercury level over a period of time. The 
instrument reads from 0.5 ug m° to 1,999 
pg m? on a digital display and has its own 
integral charcoal filter for ease of zeroing 
in hazardous areas. It can be used either as 
a permanent or portable unit. 

Circle No. 92 on Reader Enquiry Card. 



























Agar dilution. The agar dilution method of 









Spirometer. The VS400 volume 
displacement spirometer can be used to 
perform an inexpensive and simple test for 
the screening of lung disorders. The VS400 
is a waterless spirometer with a three- 
colour pen turret for simplified and 
accurate evaluation. The instrument has a 
colour-coded instruction panel, and its 
easy-loading card carrier and automatic or 
manual start make it simple to operate. The 
VS400 provides a volume versus time trace. 
Circle No. 96 on Reader Enquiry Card. 


Log amplifier module. New from Bryans 
Southern Instruments Lid. is a log 
amplifier module, an addition to the range 
of modules available for their high quality 
50000 x-y recorder range. The new log 
amplifier module is designed for both Ad 
and A3 modular mainframes and can be 
easily fitted by the user. This d.c. module 
can be used in either the x or the yaxis and if 
two log amplifier modules are used 
together, log-log plots.can be recorded on 
a 50000 unit. Other modules for the Bryans 
$0000 range of high performance recorders 
include: low and medium sensitivity 
amplifiers with variable gain controls, 
single sensitivity amplifiers and time 
base/control modules. 

Circle No. 97 on Reader Enquiry Card. 








Sterilizable O, electrode. New Brunswick 
Scientific Ltd. has developed a dissolved 
oxygen electrode with replaceable 
membrane that can be rejuvenated 
repeatedly. The Model 90) probe rapidly 
responds to changes in oxygen partial 
pressure in biological and chemical pro- 


cesses. A 90% response time is reached in 


60 s and linearity and reproducibility are 
1% at constant temperatures. Mounted in 
a type 316 stainless-sieel housing, the 
Model 900 is available in eight lengths for 
vessels ranging in size from I to > 1,000). 
Circle No. 98 on Reader Enquiry Card. 









These notes are based on information 
provided by the manufacturers, For further 
detaiis circle the appropriate numbers on the 
Reader Enquiry Card bound inside “| 
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Coliform and streptococcal detection. 
Fast, accurate measurement of bacterial 
contamination in food, drink and 
pharmaceutical production is now possible 
using two kits from LUMAC. The strep- 
tococci detection kit allows selective 
measurement of streptococci after a short 
incubation, and the coliform detection kit 
selectively measures coliforms and 
therefore tests the hygiene of production 
processes. Both methods are simple, con- 
venient and are up to $ days quicker than 
conventional plate-counting techniques. 
Circle No. 99 on Reader Enquiry Card. 








SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handle under low or high power 


ion. 
A varied range available. All simple to operate. 


SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 


Circle No.07 on Reader Enquiry Card. 


RRR. Sn 


Frozen Tissue Sections 


Qur thermoelectric Tissue Freezer BFS-2 makes 
them easy to cut. Temperature is adjustable for 
oplimum sectioning 

No more dry ice or COz 
always ready. Hund 


$750 


complete 


gas: fits all microtomes: 
eds in use. 


' A 
LA 

- | a 

BAILEY INSTRUMENTS INC. 


$15 Victor SL, Saddle Brook, NJ07662U.5.A. 
201-845-7252 


Circle No.08 on Reader Enquiry Card. 


High Resolution 
RADIOISOTOPE CAMERA 


(Spark Chamber) 


The new HIGH RESOLUTION Radioisotope 
Camera produces a polaroid print of the dist- 
ribution of radioactive compounds, Tritium 
and Carbon ~ 14, on Thin Layer Plates and 
Paper radiochromatograms. 


THE SPIRELLA BUILDING 

BRIDGE ROAD. LETCHWORTH 
. SGBSET ENGLAND 

TELEPHONE 

LETCHWORTH (D4646) T2087 


Birchover 
instruments Ltd 


Circle No.09 on Reader Enquiry Card. 






Relative humidity transmitters. General 
Eastern announces a new line of per cent 
relative humidity and temperature trans- 
mitters —- the 455 Series. These instru- 
ments are available in duct or wall-mount 
versions, for 115 V/230 V a.c. or +24 V d.c. 
inputs. The Model 455 provides linear 0-10 
V dc. and 4-20 mA d.c. signals for 
0-100% relative humidity, and 0-12 V d.c. 
and 4-20 mA d.c. for 0 to +120°F. 
Accuracies for the measurements are +3 % 
relative humidity, between 15 and 99% 
relative humidity, and +1°F over the entire 
temperature span, 

Circle No. 100 on Reader Enquiry Card. 
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Dri-Blocks. A Techne Dri-Block can be 
used with Sterilin specimen containers fora 
more convenient method of fertility 
testing. A sperm sample is collected in a 
Sterilin 60 mm Universal clear-labelled 
container and heated in a special Techne 
Dri-Block heater for 20 min at 37°C. This 
ensures that the sperm is at body tem- 
perature before a sperm count is taken. The 
Techne Dri-Block has an advantage over a 
water bath in that the sperm would die if 
they accidentally came in contact with the 
water. Techne Dri-Blocks are available to 
cover a temperature range of 25 to 450°C. 
Circle No. 101 on Reader Enquiry Card. 














Portable autorefractor. A compact, 
portable autorefractor, Dioptron Nova, 
has been developed by Coherent. It 
features the Coherent Auto Fog system 
which eliminates instrument myopia and is 
particularly suitable for over-refracting 
contact lenses. It also allows immediate 
vertex distance conversion from spectacles 
to contact lenses at the touch of a button. 
Circle No. 102 on Reader Enquiry Card. 
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Vapour adsorption cartridges. A new series 
of microfibre vapour adsorption cartridges 
has been introduced by Balston, Inc. These 
are designed to carry out various tasks such 
as removing oil vapour from compressed 
air, purifying breathing air, removing 
water vapour from a gas stream, and 
removing mercury vapour from gas. 
Designated type Cl, the new cartridges are 
available with a choice of six standard 
adsorbents, including carbon, Ambersorb 
XE-348, silica gel, molecular sieve type 4A 
and 13X, and Calgon type HGR sulphur- 
impregnated carbon. They contain a bed of 
adsorbent granules in the annular space 
between two microfibre filter tubes, with 
permanently bonded end caps, and fit all 
standard Balston compressed gas filter 
housings and many cartridge filter 
housings of other manufacturers. 
Circle No. 103 on Reader Enquiry Card. 





NEW LITERATURE 


Dewars. The extended range of dewars 
from Day-Impex Ltd. is covered in their 
new leaflet. Circle 150. 

Affinity-isolated antibodies. Antibodies to 
all human immunoglobulins and mouse 
IgG and IgM are featured in a new 
catalogue from Tago, Inc. Circle 149. 


Liquid handling devices. Various ul liquid 
handling devices are described in a new 
catalogue from Drummond Scientific. 
Calibrated micropipettes and variable 
volume positive displacement digital 
micropipettors are included. Circle 148. 


Aluminum film guide. The ‘Aluminum 
Film Guide’ from the Aluminum 
Association lists 30 films about aluminum 
from various sources. Circle 147. 


Products. The range of products available 
for tissue culture, microbiology, serology,- 
clinical chemistry and immunology is given 
in a new catalogue from Gibco, Circle 146. 


Steric exclusion analysis. An applications 
note describing steric exclusion analysis of 
coatings and adhesive polymer 
formulations by HPLC is available from 
Varian. Circle 145, 


Capillary columns. A new brochure from 
Analabs contains information on glass and 
metal capillary columns and column 
accessories for gas chromatography. 
Circle 144. 


Freeze drying. ‘Laboratory Freeze Drying 
Systems and Accessories’ from 
Techmation introduces the theory and 
practice of freeze drying and gives full 
details of VirTis freeze drying equipment. 
Circle 143. 


Air analysis. Types of industrial hygiene air 
analysis sampling by atomic absorption are 
described in a new applications note from 
Varian. Circle 142. 








Copies of these publications can be obtained 
using the reader enquiry card. 
A A RN NL OY 
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UNIVERSITY OF 
ST. ANDREW’S 


DEPARTMENT OF 
ASTRONOMY 


Applications are invited for a 
POSTDOCTORAL 


RESEARCH ASSISTANT 


to work on an SERC supported 
project investigating the properties of 
marginal contact and non-contact 
binary stars. The project involves 
optical and near-infrared 
photometry and high-dispersion 
spectroscopy using facilities at major 
international observatories. 
Applicants should have some 
experience in optical observational 
techniques and an interest in 
computational work. 


The appointment will be for a 
period of three years from Ist 
October 1981 or as soon as possible 
thereafter, Initial salary in the range 
of £6,070 to £6,880 per annum on 
range LA plus superannuation. 


Applications together with the 
names of two referees should be sent 
by 24th August, 1981 to The 
Director, University Observatory, 
Buchanan Gardens, St Andrews, Fife 
KY16 9LZ, Scotland, from whom 
further particulars may be obtained. 

(9274)A 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


APPLIED PIG NUTRITION 
DEPARTMENT 


A vacancy exists for a scientist to 
participate in a programme of 
research now being developed on 
nutrition and lactational physiology 
in the sow. The work will include 
studies of the energy nutrition of the 
‘ow during gestation and lactation, 
and on the hormonal control of 
mammary gland function and will 
involve close collaboration with the 
Nutrition and Physiology 
departments. 


Candidates should have a First or 
Upper Second Class Honours degree 
in Biochemistry or Physiology. 


Appointment will be as Scientific 
Officer (£4,809 to £6,480) or Higher 
Scientific Officer (£6,075 to £7,999); 
at least two years’ relevant research 
experience is required for 
appointment to the higher grade. 


Application forms are obtainable 
from the Secretary, NIRD, Shinfield, 
Reading RG2 9AT. 


Quote reference 81/20 (9275)A 





| 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts ALS 2JQ 
Temporary Appointment 
PHYSICIST 

or ; 
THEORETICAL PHYSICIST 


to work in the Physics Department 
for a period of 244 years on the 
development of physical/numerical 
models of the effects of drought on 
growth and yield of cereal crops. The 
modelling will be based on plant and 
crop physiological principles, and the 
work (which may include some field 
work) will involve collaboration with 
physicists, physiologists, chemists 
and agronomists. The post is funded 
by EEC and may be extended by a 
further few months. 


Qualifications: First or upper 
second class honours in physics, or 
applied or theoretical physics, and 
preferably a higher degree, or 
equivalent post-graduate experience, 
in research that has included much 
computer analysis of experimental 
results and development of physical/ 
mathematical models. 


Appointment in grade of Scientific 
Officer (£4,809 — £6,480) or Higher 
Scientific Officer (£6,075 — £7,999). 
(Pay Award pending). At least two 
years’ post-qualifying experience is 
required for appointment as HSO. 
Non-contributory superannuation. 


Apply in writing to the Secretary, 
giving names and addresses of three 
referees and quoting Ref. 451 by 3ist 
August 1981. Further details on 
request, (9252)A 


ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY AND CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Physicist or physical chemist 
required to join research group 
working on dynamics of bio- 
membranes. Experience of optical 
methods and laser techniques would 
be an advantage. Post is tenable for 3 
years, supported by the SERC, 


Salary on Range 1A: £7,037 to 
£11,542 (inclusive). Applications (cv 
and names and addresses of two 
referees) should be sent to the School 
Secretary, RFHSM, 8 Hunter Street, 
London WCIN IBP as soon as 
possible, Please quote ref: SERC/B. 

(9284) A 


















INTERNATIONAL LABORATORY 
FOR RESEARCH 
ON ANIMAL DISEASES 


s s 44 : 
Scientific Research 
pd * 
Position 
International Laboratory for Research on 
Animal Diseases 
(ILRAD) 

A vacancy exists in the Pathology Division of ILRAD for a Research 
Scientist to continue studies on the inductive mechanisms far call- 
mediated immunity against the protozoan parasite Theverie parva in 


cattle and to analyse the antigenic composition of the parasite, 
Opportunities exist for collaborative research on surface markers of 


bovine lymphocytes and means of eliciting protective immunity 
against Theileriosis. 


The applicant should possess a degree in Veterinary Science (or be 
familiar with experimentation in livestock) together with a PROD. 
Relevant postdoctoral experience would also be an advantage. 
Salary will be paid in US dollars according to experience, Perquisites 
include movement, housing and commutation allowances, medical 
and retirement benefits. 


Applications with curriculum vitae and the names of three 
referees should be addressed to: The Director of 
Administration, ILRAD, PO Box 30708, Nairobi. 


Closing Date: August 31st, 1981. [WS A, 








CHAIRMAN 
DEPARTMENT OF GENETICS 


The University of Utah, School of Medicine, Salt Lake City, Utah, 
invites nominations and applications for the position of Professor and 
Chairman of the new Department of Genetics. This position requires a 
person with an outstanding research program in genetics, as wel as, 
administrative and leadership qualities, who will interact with both 
clinical and basic science faculty. This new department will provide the 
opportunity and requirement to recruit strong feculty. 

The university is an equal opportunity/affirmative action employer, 
thus applications from women and minorities are encouraged, 
Inquiries including a curriculum vitae, should be sant to Dr John A 
Dixon, Chairman Genetics Search Committee, Dapartrnent of Surgery, 
School of Medicine, Salt Lake City, Utah 94132. Closing date 
September 15, 1981. INWXTOHA 
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"l 
Biophysicist/ 
Bioengineer 


Are you the 
seasoned professional to 
pilot our new venture? 


If so, you'll have full responsibility for the development and 
sales positioning of a new business activity and you'll be 
applying your knowledge of ceil culture and fermentation to 
the design, manufacture and marketing of diagnostic 
instrumentation and allied materials/equipment. 
You'll need several years of solid experience in an industrial / 
educational environment ... with emphasis on the 
formulation and packaging of biological/medical 
commercial applications . . . as well as an advanced degree 
in biophysics or bioengineering or its equivalent. 
The new technology is fully developed . . . all ready for your 
implementation. Our compensation and benefits are liberal 
. and your future will grow along with the project's 
success. 
Please send resume and salary history to: 


BOX No NW804 Nature, c/o Macmillan 
Journals Ltd. 4 Little Essex Street, 
London WC2R 3LF 


An Equal Opportunity Employer (NW804) A 


d 





Monsanto, a large organization with European Head- 
quarters in Brussels and Research facilities in pleasant 
surroundings at Louvain La Neuve, 30 km South of 
Brussels, is expanding its Agriculture Research Programs 
in the field of plant growth regulators. 


The Biological Evaluation section intends to make new 
appointments for scientists with the ability to carry out 
and direct fundamental and applied research projects. 
These projects will be related to the discovery and 
development of plant growth regulators for use in major 


Applicants should have a PhD in plant science or agronomy 
a strong background of plant/crop physiology, preferably 
2 years of experience in applied crop research and a 
proven ability to supervise research teamwork. 


Candidates should apply in writing to Personnel Depart- 
ment Monsanto Technical Center, rue Laid Burniat, 
B-1348 Louvain La Neuve, Belgium. 


| (W395) A 


Monsanto 



























TUMOR IMMUNOLOGY 
PRE/POSTDOCTORAL 


position available immediately. 
Monoclonal Ab, characterization for 
human tumor Ag. 


Send CV, three ref to: Dr Daniel 
Eskinazi, USC, PO Box 77912, GER 
323, Los Angeles, CA 90007 
EQE/MFH {NW765)A 


IN THE FACULTY OF 
TECHNICAL AND 
NATURAL SCIENCES 
(Technisch- 
Naturwissenschaftliche 
Fakultät) 
of the 
Johannes Kepler University 
Linz, Austria 
the position of a full 
PROFESSOR IN BIOPHYSICS 
is vacant 
The candidate for this post will be 
expected to devote his research 
activites to experimental membrane 
biophysics as his main effort. His 
teaching should be focussed on 
courses, which enable graduate 
students in physics, chemistry, 
computer sciences and mathematics 
to acquire knowledge in biophysics. 
Applicants should be proficient in 

German. 

Applications including a 
curriculum and a list of publications 
should be sent before October 30th, 
1981, to the dean (Dekan) of the 
Faculty, Altenbergerstr. 69, A-4040 
Linz, Austria. Dean Prof Dr Bruno 
Buchberger. (W3IIDA 














LINCOLN COLLEGE 
Canterbury, New Zealand 


LECTURER/SENIOR 
LECTURER IN ANIMAL 
SCIENCE 
(Growth and Development) 


The Council of Lincoln College, 
University College of Agriculture, 
Canterbury, New Zealand, invites 
applications for appointment to the 
position of Lecturer/Senior Lecturer 
in Animal Science (Growth and 
Development) in the Animal Science 
Department within the Animal 
Sciences Group. 


Applicants should hold a degree in 
Agricultural Science or its equivalent 
and postgraduate experience in the 
field of growth and development in 
animals. The appointee will be 
expected to contribute to the teaching 
programme of animal science to 
students at degree and postgraduate 
levels, and to contribute to the 
research programmes of the 
department in the fields of animal 
nutrition and disease and sheep 
breeding. 


The successful candidate will be 
appointed as Lecturer or Senior 
Lecturer at a salary commensurate 
with his/her qualifications and 
experience, Current academic salary 
scales are: Lecturer NZ$19,140 — 
$23,520; Senior Lecturer NZ$24,110 
~~» $27,589 Bar ~~ NZ$30,035. 


Travel and removal expenses will 
be reimbursed to specific limits. New 
Zealand Government Super- 
annuation will be available. 


Conditions of Appointment giving 
further details of this position may be 
obtained from the Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of 
the College. 


Applications close on /6 October 
1981. {9269)A 





MASSEY UNIVERSITY 
Palmerston North, New Zealand 


LECTURER IN BOTANY 


A vacancy exists in the Department of 
Botany and Zoology for a lecturer in 
Experimental Botany. Consideration 
will be given to all suitably qualified 
applicants, but preference will be 
given to those with research 
experience and/or special interests 
ini- (i) plant cell biology; (i) 
physiological plant ecology; and/or 
(iii) plant biosystematics. 


The appointee will be expected to 
teach internal and extra-mural 
students at the undergraduate level, 
contribute to postgraduate teaching, 
and establish and develop research in 
his/her own field of interest. 


Salary on the Lecturers scale:- 
NZ$19,140 — $23,520. 


Further details of this position and 
of the University, together with the 
general conditions of appointment 


| may be obtained from the 


Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF or the 
Registrar of the University. 


close on 
{9270A 


Applications il 


September 1981. 
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CSIRO AUSTRALIA| 


Research Scientist/ 
Senior Research Scientist 


Molecular Biology — Virology — Immunology 
Syngene Products and Research — Colorado 


Applications are invited from research scientists (Ph.D. or M.D) and 
technicians (B.S. or M.S.) to join Syngene Products and Research, inc. 
(SPAR), a TechAmerica Group Company. TechAmerica Group, inc. is a 
rapidly growing company with advanced production and marketing 
capabilities. We are forming a diverse group of energetic, creative 
scientists for the purpose of developing new products for use in animal 


Division of Fossil Fuels 
North Ryde, New South Wales 


and human medicine and agriculture. 
Recombinant DNA — gene splicing and expression 


Virology 
Hybridomas 


— development of new vaccines 
~~ monoclonal antibodies for affinity 


chromatography, diagnostics and serotherapy 


Biochemistry 
Microbiology 


~~ isolation and sequencing of proteins 
— physiology and fermentation technology 


We encourage publication and sponsor cooperative research 
programs with university groups, and private research companies, 

SPAR laboratories are near Colorado State University in Fort Collins, 
located about 110 Km north of Denver, Colorado. Climate and recrea 


tional opportunities are excellent. 


Attractive salaries and benefits, and generous bonus programs are 


offered. 


Send curriculum vitae or resume, reprints of recent papers, and the 
names and addresses of three to five references to: 


Dr. K.A, Larson 


Syngene Products and Research, Inc. 
225 Commerce Drive 


P.O. Box 2211 


Fort Collins, CO 80524 
Phone: (303) 221-2050 


Communications Confidential 





(NW8ODA 





TLA Canada should be sent to: The Counsellor Scientific, Embassy of | 
THE UNIVERSITY Blood Transfusion Service Australia, 1601 Massachusetts Avenue NW, poet ad DC 20086, | 
OF AUCKLAND ROYAL INFIRMARY Current vacancies in CSIRO appear on PRESTEL page (ERIA 
ee: E 
vacancy exists for a 
E ar laaa FELLOW in the Hepatitis 
Laboratory of the Microbiology : 
Applicants should hold, or be | | in the first instance and could lead FOOD RESEARCH INSTITUTE 
nearing completion of, a PhD. | | ta@higherdegree. NUTRITION & FOOD QUALITY DIVISION 
Preference may be given to those who | | The successful candidate, who 


have experience in plant pathology, 
plant breeding, plant genetics, horti- 
culture, or some combination of 
interests within these fields. 
LEIGH MARINE LABORATORY — 
RESEARCH FELLOWSHIP 


Applicants should have a PhD and 


EDINBURGH AND SOUTH- 
EAST OF SCOTLAND 





should have a good honours degree 
(or equivalent experience} in a 


be concerned with research inte 
Non-A, Non-B viral hepatitis. 
Salary on the scale of £5,346 to 
£6,353 pa (under review). 

Telephone: 031-229 7291, ext 27, 





microbiology-related subject, will |- 


CSIRO has a broad charter for research into primary and secondary i 


industry areas. The Organization has approximately 7,400 employees 
— 2,500 of whom are research and professional scientists — located in 
Divisions and Sections throughout Australia. 


Field: tron Ore Treatment 


General: The Division, situated at North Ryde, Sydney, is currently. i 


undertaking a study into the pelletizing and treatment of iron ores to 


assess the possibility for their further treatment in Australia. Particular l 
emphasis has been placed on the development of an understanding ot g 


the mechanism of direct reduction processes of both pellets and lumps, 


The application of these processes is influenced by the availability and: | 


efficient utilization of fossil fuels, especially natural gas and coal andit. a 


will be necessary to include energy aspects of mineral processing inthe | 


research. 


Duties: To carry out a theoretical and experimental investigation 


designed to explain the influence of process variables and ore types on 


the mechanism of pelletizing and reduction, and on the properties of 9 


the product. 


Qualifications: PhD in metallurgy, chemical engineering, fuel | oe 
technology or other appropriate fields, Alternatively, equivalant @ 


research experience together with a record of achievement relevant tò 
mineral or fuel processing. 


Salary: Research Scientist/Senior Research Scientist: 
$A19,662—$A28,564 pa. 


Tenure: Indefinite with superannuation. 


Applications IN DUPLICATE, stating full personal and professional — 


details, the names and addresses of at least two professional referees, 1 
and quoting reference number A3970 should reach: The Personnel | 


Officer, Australian Scientific Liaison Office, Australia House, Strand, 


London WC2B 4LA by 5 September 1981. Applications in USA and 4 





Sensory Scientist 
Higher Scientific Officer/ Scientific Officer 


The Institute has a vacancy for a Sensory Scientist in a new group 
within the Nutrition and Food Quality Division. The person 
appointed will be responsible for studies of the influence of sensory 
factors on human dietary intake of salt. The study will involve 
physiological and behavioural techniques and the person 


research experience in some branch | | for job description (9280) i ; i ; 
h ; j } ption, | concerned will need knowledge of and interest in both aspects, It 
a Marine ano preier SCE ach | will involve other groups concemed with food intake measurement 
e piven ive divin ‘Ther how will ee ey l and sensory measurements, Collaboration with clinicians will be 
fen che ves diving. d sala pi IMMUNOLOGIST/ necessary. An aptitude for working with seople is essential: 
ave the status and salary of a travelling will be involved and a valid driving licence is essential. 
Lecturer and the appointment will be IMMUNOCHEMIST 


for 3 years initially. 


Present salary scales are — Senior 
Lecturers NZ$24,110 — $27,589 per 
annum; Lecturers NZ$19,140 — 
$23,520 per annum. 


Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar 
(Academic Appointments), 
University of Auckland, or from the 
‘Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 
Applications should be forwarded as 
soon as possible but not later than /2 
‘October 1981. (927 DA 


l 








Staff research position available for 
experienced researcher with PhD or 
MD interested in applying new 
technologies to the study of human 
disease. 

Experience with monocional 
antibody production and isolation 
of cellular antigens is desirable. 
Send CV and references to: 

Dr. Robert Colvin, 
Immunopathology — Cox 5, 
Mass. General Hospital, 
Boston, MA 02114. 
(NW798) A, 











Qualifications: A first or upper second class Honours degree in 
physiology/psychology or related subjects. Some research 
experienced with human subjects is desirable. At least 2 years post- 
graduate experience is required for grading at the higher level. 


Salary: (under review) 
Senior Scientific Officer — on a scale £6,075 — £7,999. 
Scientific Officer — on a scale £4,809 — £6,480, 


Non contributory superannuation scheme. 

Further particulars and application form fram the Secretary, 
Food Research institute, Colney Lane, Norwich NR4 FUA 
quoting ref. 81/47. 


Closing date: 31st August 1981. (9258) A, 














HEAD OF THEORY GROUP 
DARESBURY LABORATORY 


The position of Head of the Theory Group at Daresbury Laboratory 
will shortly become vacant following Dr. Pendry's appointment to a 
chair at imperial College and applications are invited to fill this post. 
The Theory Group, which forms part of the Theory and 
Computational Science Division, is expected to play a major role in 
ensuring the effectiveness of the Laboratory's experimental 


programme. 


There are two major research facilities at Daresbury, a dedicated 
synchrotron radiation source of x-ray and ultra-violet radiation, 
based ona 2 GeV electron storage ring which has recently started 
operation and a major nuclear structure facility based on a 30 MeV 
tandem Van de Graaff which is nearing completion. An AS 7000 and 
a CRAY 1 provide the basis of an extensive computing facility which 
supports this programme as well as supporting university research 
in computational science. 


The Theory Group supports the experimental programme on these 
facilities, has close collaboration with university scientists and 

maintains very close links with the Computational Science Group in 
the Theory and Computational Science Division. 


The successful applicant will head a team consisting of nuclear, solid 
state and atomic and molecular theoreticians. The post will be 
permanent. Alternatively, the Council will consider secondment 
from or a joint appointment with the candidate's own establishment. 


The appointment will be in the grade of Senior Principal Scientific 
Officer at a salary within the range £13,364 — £16,250. Salaries are 
currently under review. 


Closing date: 30th September 1981 


For further information about the work of the Division please write to 
or telephone Professor P. G. Burke, Warrington (0925) 65000, Ext. 240. 


Applications are invited from either sex and should be sent together 
with curriculum vitae and the names and addresses of two referees 


quoting reference number DL/767/ 


to: 


The Personnel Officer 


DARESBURY LABORATORY 


Science & Eng 


Daresbury, Warrington WA4 4AD. 





ineering Research Council 





RESEARCH INSTITUTE OF 
SCRIPPS CLINIC 
MOLECULAR GENETICS 
GROUP 


Biochemist is required to join the 
Molecular Genetics Group at the 
Associate Member level to work on 
the mechanism of cell-cell interaction 
in Dictyostelium discoideum. 
Applicants should have training in 
both Molecular Biochemistry and 
Membrane Biochemistry with 
demonstrated exceptional produc- 
tivity and creativity in research. 


We offer commensurate salary and 
fringe benefits. 


Please send curriculum vitae and 
statement of research interest and 
experience to: Nan Price, Research 
Institute of Scripps Clinic, Molecular 
Genetics Group, 10466 North Torrey 
Pines Road, La Jolla, California 
92037. 


Application deadline: September 
20, 1981. (NW79T)A 





UNIVERSITY 
OF BRISTOL 


DEPARTMENT OF 
ANATOMY 
Applications are invited from a 
recent 


GRADUATE 


in biomedical sciences for the post of 
Research Assistant, Department of 
Anatomy. The successful applicant 
would join a small research team 
investigating the role of the nervous 
system in birth. No previous 
experience is necessary but a basic 
knowledge of nervous physiology 
would be beneficial. The post is 
supported by the Medical Research 
Council for three years. Starting 
salary £5,285 per annum. 


Applications, including cv and 
names of two referees, should be sent 
to Dr A J S Summerlee, School of 
Veterinary Science, Park Row, 
Bristol BS! SLS by 2ist August, 
1981. For further information please 
telephone Bristol (0272) 24161 ext 
616, mornings only. (9286)A 





UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF HUMAN 
GENETICS 
POST DOCTORAL 
SCIENTIST 
Applications are invited for a non- 


clinical scientist to study DNA | 


polymorphisms in muscular dys- 
trophy as a means of carrier detection 
and prenatal diagnosis. Candidates 
should preferably have had 
experience in DNA analysis, and will 
work in both the MRC Mammalian 
Genome Unit and this Department. 
The appointment is for 3 years froma 
date to be arranged, and the salary 
scale is that for University non- 
clinical academic staff. 


Applications by September 14 with 
the names of two referees to 
Professor A E H Emery, University 
Department of Human Genetics, 
Western General Hospital, 
Edinburgh EH4 2XU. (9263)A 


| 
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UNIVERSITY OF ALBERTA 
DEPARTMENT OF 
PHARMACOLOGY 

FACULTY AND RESEARCH 

POSITIONS 


The University of Alberta, 
Department of Pharmacology, is 
seeking applications for a tenure- 
track faculty position at the level of 
assistant professor. Applicants 
should have a PhD in pharmacology 
or a related discipline, proven 
research abilities and be enthusiastic 
and competent lecturers. Closing 
date October 1, 1981. 


In addition the Alberta Heritage 
Foundation, for Medical Research is 
offering 5-year scholarships (which 
may be renewed for a further five 
years) to those with excellent and well 
documented research skills. These 
positions have an academic rank 
(usually assistant. professor) and 
salary similar to that of a regula: 
faculty position, and are designed tc 
provide support for young and very 
promising investigators. The 
Department of Pharmacology is 
seeking applicants for such awards. 
In the first instance applications 
should be made to the Department. HH 
approval is given for the applicant tc 
proceed, the appropriate forms wil! 
be submitted to the Heritage 
Foundation for consideration by 
their Scientific Advisory Committee. 
The closing dates for completions are 
September 1, 1981 and April 1, 1982. 


Canadian citizens and permanen! 
residents of Canada will be giver 
preference for thes positions. With 
this exception, the University ol 
Alberta is an equal-opportunity 
employer. 


Those interested should apply ir 
writing enclosing a curriculum vitae 
the names of at least three referees 
and any other relevant informatior 
to Dr David Cook, Department o! 
Pharmacology, University o! 
Alberta, Edmonton, Alberta 
Canada, T6G 2H7. Telephone (403 
432-3575. 


During Canadian mail strike 
University of Alberta, Box 413 
Sweetgrass, MT, 59484, USA, 

(NW79)A 





UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for a 
SERC-supported, post-doctora 
research associateship to work wit 
Dr G Turnock on the regulation o 
RNA synthesis during the syn 
chronous mitotic cycle in Physarum 
Experience of nucleic acid technique 
would be an advantage. 


The appointment is available fror 
i October 1981 and is tenable for tw 
years at a salary within the range fc 
Research Associates, £6,070 - 
£7,290 dependent upon age an 
experience. 


Applicants should send 
curriculum vitae and the names c 
two referees to Dr G Turnocl 
Department of Biochemistry 
University of Leicester, Leicest« 
LEI7RH. (924A 
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TRANSGENE 
STRASBOURG — FRANCE 
TRANSGENE was launched by leading industrial and 
financial French groups. 


TRANSGENE carries out high level research oriented towards 
applications of medical and industrial importance. 


TRANSGENE is now expanding its laboratory and invites 
applications from: 


MOLECULAR GENETICISTS 


EXPERTS IN RECOMBINANT DNA 


TECHNIQUES AND CHEMICAL 
SYNTHESIS OF DNA 


IMMUNOLOGISTS 


from the post doctoral level to group leaders to join its first 
team of highly qualified scientists. 


Expertise in the use of Bacillus subtilis, Yeast and Eucaryotic 
celis as cloning systems is of special interest. 


Salaries will be competitive and commensurate with 
qualification. 


Knowledge of French is not necessary. 


STRASBOURG is a pleasant historical town, located in the 
heart of Europe, very close to GERMANY and SWITZERLAND. 


The laboratory is located on the University campus and enjoys 
close contacts with well known groups in fundamental research. 


For confidential consideration, send a CV, a list of 
publications and indication of salary requirements to: 


TRANSGENE S.A. 
attn J-P LECOCQ 


B.P. 146 
67028 STRASBOURG CEDEX 











AGRICULTURAL RESEARCH COUNCIL 


FOOD RESEARCH INSTITUTE 
NUTRITION & FOOD QUALITY DIVISION 


Scientific Officers 


The Food Research Institute has vacancies for four 
Scientific Officers in the Nutrition & Food Quality Division. 


Nutritionist 


This post is in a new group concerned with studies of the 
methodology of measuring food intake in man. The officer will be 
responsible for setting-up and operating a nutrient information and 
data base. The post calls for a sound background in nutrition and an 
interest in the application of computers. The Institute shares 
computer facilities with the John Innes Institute and there is an 
active computer group with which this officer will interact. Post No. 
81/42. 


Assistant Nutritionists 


These posts are in the Intake Measurement Group. The officers 
appointed will be concerned with studies of food intake using 4 
variety of techniques and the preliminary processing of data from 
these studies. The posts call for an interest and aptitude for working 
with people and some dietetic experience is desirable, The studies 
will be primarily conducted in the Norwich area; a valid driving 


licence is necessary. Post Nos. 81/43 and 81/44. 


Assistant Sensory Scientist 


The person appointed will be responsible for assisting a Sensory 
Scientist in studies of the influence of sensory factors on the dietary 
intake of salt, The work will involve both physiological and 
behavioural techniques and knowledge of one of these areas and an 
interest in acquiring an understanding of the other will be essential. 
A valid driving licence is necessary. Post No. 81/48. 


Qualifications 

Nutritionist: (81/42) — A first or upper second class Honours 
degree in Nutrition or Food Science with experience of, and interest 
in, the application of computer techniques. 


Assistant Nutritionists: (81/43 and 81/44) — A second class 
Honours degree in Nutrition or Dietetics with some dietetic 
experience. 


Assistant Sensory Scientist: (81/48) — A second class Honours 
degree in physiology or related biological sciences. 


Salary: On a scale £4,809 ~ £6,480 (under review). More 
contributory superannuation scheme. 


Further particulars and application form from the Secretary, 
Food Research Institute, Colney Lane, Norwich NRA FUA 


(W392) A 
UNIVERSITY COLLEGE | 
CARDIFF ee 
DEPARTMENT OF ANATOMY THE UNIVERSITY OF LEEDS 
BURSARY DEPARTMENT OF 
Applications are invited from UK BIOCHEMISTRY 
graduates for a Bursary in the above Applications are invited for 
Department tenable in the first a post of 


instance for one year but renewable 
up to a total of three years. While 
researching within the field of the 
Anatomical Sciences the incumbent 
would have the opportunity to work 
for a higher degree. Index-linked 
stipend of £2,460 includes a fee for 
limited teaching duties. 


Applications, together with the 
names and addresses of three 
referees, should be forwarded to 
Professor J D Lever, Department of 
Anatomy, University College, PO 
Box 78, Cardiff CF1 IXL by 28th 
August 1981. Ref: 2260. (9245)A 


IMPERIAL COLLEGE 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Plant Mitochondria 


Biochemist or Plant Physiologist to 
study control of the NADH dehydro- 
genases in isolated plant mito- 
condria. Salary up to £7,847 pa. 
inlcuding London Allowance. 
: a 2 years from October Ist 
1981. 
è Applications and enquiries to: Dr J 
-<M Palmer, Dept of Pure and Applied 
“Biology, IC London SW7 2BB. 
j (9266)A 





RESEARCH FELLOW 

in the Department of Biochemistry, 
available from 1 October 1981 fora 
fixed period of up to three years, for 
work on the purification and char- 
acterization of androgen receptors 
from human and rat prostate 
involving the use of affinity 
chromatography, affinity labelling 
and monocional antibody tech- 
niques. 

A good honours degree in Biolog- 
ical Sciences and a PhD in Bioche- 
mistry or Endocrinology are 
required. Experience in receptor 
work, affinity chromatography, 
affinity labelling and animal experi- 
mentation would be an advantage. 
Salary on the IA Range for Re- 
search and Analogous Staff 
(£6,070 — £10,575), according to 
age, qualifications and experience. 
informal enquiries may be made to 
Professor W | P Mainwaring (Tel: 
Leeds (0532) 31751 ext 7437). 
Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds 
LS2 9JT, quoting reference num- 
ber 83/38/ D. Closing date for appli- 


| cations 31st August 1981. (9241)A 











quoting the appropriate reference number. 


Closing date: 31st August 1981. 


(9257)4 





TUFTS UNIVERSITY 

SCHOOLS OF MEDICINE 

DEPARTMENT OF PHYSIOLOGY 
Tufts University has instituted a 

search for 
CHAIRPERSON 

Department of Physiology. The 
Department of Physiology is 
expected to be a center of research 
and scholarly excellence, as well as 
providing leadership in physiology 
instruction for the School of 
Medicine, School of Dentistry, 
School of Veterinary Medicine, and 
the Sackler School of Graduate 
Medical Science. 


Individuals interested in being con- 
sidered for this position should direct 
their letters to Dr Seymour Reichlin, 
Chairman, Physiology Search 
Committee, Box 275, New England 
Medical Center Hospital, 171 
Harrison Avenue, Boston MA 02111. 
Tufts has an affirmative action 
program, and encourages 
applications from women and 
members of minority groups. 

(NWITL)A 





UNIVERSITY OF KENT AT 
CANTERBURY 
RESEARCH FELLOW IN 
THE BIOLOGICAL 
LABORATORY 
Applications are invited for a 
postdoctoral research fellowship to 
investigate the immobilisation of 
cellulases in soils and synthetic humic 
polymers. The project will be 
directed by Dr R G Burns and will 


initially be of two years duration... . 


Applicants should have a first degree 





in biochemistry or microbiology and i 


a PhD in some aspect of enzymology: 
Experience in colloid science and 


immobilised enzymes would bean: 
advantage though not essential. 


Salary scale £6,070 — £10,573. 


Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of 
Natural Sciences, Chemical 
Laboratory, The University, 
Canterbury, Kent CT2 8NH to whom 
completed applications should be 
returned as early as possible but not 
later than 24 August 1981. Please 
quote ref. A23/81/N. (255A 





International Genetic Sciences, Inc. 
is organizing an annual conference on 


Introduction of Genetic Materials 
into Eucaryotic Cells: Present State 
and Future Prospects 


Among the lecturers: 


H. Goodman (U. Calif, S.F.), A. Graesman (Free U. 
W. Berlin), S. Izhar (Volcani Center, Israel), A. 
Loyter (Hebrew U. Jerusalem), D. Papahadjopoulos 
{U. Calif, S.F.), F. Ruddie (Yale U.), W. Rutter (U. 
Calif, S.F.), R. Rott (inst. Virology, Gissen, W. 
Germany), R. Shimke (Stanford U.) 


Amang the topics to be included: 


1. Transfer of Nucleic Acid into animal cells. 

2. Introduction of genes into plant cells. 

3. Use of Liposomes as a carrier of biological materials. 

4. Fusion mediated transfer of biological materials into 
animal cells. 


Cost of $450 includes room and meais. No 
registration fees, Number of participants limited to 
sixty. The conference to be held at the Harrison 
Conference Center, Glen Cove, L.I., N.Y. Arrival 
Nov. 22, 1981; departure Nov.25, 1981. 

Interested scientists, please send as soon as possible 


information including name, address, phone, present position 
and areas of interest. Send ta: 


international Genetic Sciences, Inc. 


155-25 Styler Rd, Jamaica, NY, USA 11433 
or call (212) 526-0400 
(NW802)A 





THE EUROPEAN MOLECULAR 
BIOLOGY LABORATORY 
seeks an 


Applications Programmer 


for its nucleotide sequence database group in Heidelberg. 
The group is engaged in collecting and making available 
the published nucleic acid sequence data and will later 
pursue analysis and other research tasks related to the 
database. The laboratory's NORD-10S and VAX 11/780 
computer systems currently provide computer support for 
the work. 


The successful applicant will help-to design and develop 
database management, data collection and analysis 
software for the database system. An interest in applying 
computer technology to scientific problems would be 
advantageous, although prior expertise in molecular 
biology is not essential. 


Applicants should have at least a bachelor’s degree and 

3 to 5 years’ experience in an industrial or research setting. 
Experience with modern software development 
methodology and block-structure languages (+ Fortran) 
and a demonstrated ability to develop transportable user- 
oriented software are essential, as is fluency in English. 


The salary offered will be between DM3,300 and DM3,600 
monthly, after tax. Certain allowances are payable in 
addition, depending on personal circumstances. 


Please write briefly for an application form, quoting 
reference No. 81/12, to: EMBL, Personnel Section, 


Postfach 10.2209, D — 6900 Heidelberg, Germany. 
(W398)A, 
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UNIVERSITY COLLEGE 
CARDIFF 
(Re-advertisement) 
CAREERS ADVISER 
CARDIFF JOINT 
UNIVERSITY CAREERS & 
APPOINTMENTS SERVICE 


Applications are invited for the post 
of Careers Adviser in the Cardiff 
Joint University Careers and 
Appointments Service. Salary 
Range: Administrative Staff Grade 
1A/2 £5,285 — £12,860 pa. Duties to 
commence as soon as possible. 
Successful careers advisers have 
come from many varied back- 
grounds. Have you the right 
qualities, eg relevant degree, related 
experience, to help students in the 
biological and life sciences launch 
their careers? 


Applications (2 copies) together 
with the names and addresses of two 
referees should be forwarded to the 
Vice-Principal (Administration) and 
Registrar, University College, PO 
Box 78, Cardiff CF1 1XL, from 
whom further particulars are avail- 
able. Closing date 26th August 1981. 
Ref: 2255, (Q25DA 


UNIVERSITY OF LONDON 
GOLDSMITHS’ COLLEGE 
School of Science 
and Mathematics 


TEMPORARY LECTURER 
IN PHYSICS 


Applications are invited for the two 
year appointment as a Temporary 
Lecturer in Physics available from 
the Ist January 1982, to undertake 
undergraduate teaching. Candidates 
should have a higher degree and be 
actively engaged in research. 


Salary on scale £7,221 x 12 
increments to £12,087 per annum, 
inclusive of London Allowance. 


Write for further particulars to the 
Personnel Officer, University of 
London Goldsmith’s College, New 
Cross, London SE14 6NW. Closing 
date for applications 28th August 
1981. (9272)A 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENTS OF 
BIOCHEMISTRY AND 
PATHOLOGY 


Applications are invited from 
graduate biochemists for a 
temporary post of 
JUNIOR RESEARCH 
ASSOCIATE 
to work on the isolation and 
characterisation of human monocyte 
antigens. The post is tenable for a 

period of one year. 


Salary will be at an appropriate 
point on the Range IB scale: £5,285 
to £7,700 pa according to age, quali- 
fications and experience. 


Applications, with full curriculum 
vitae and the names of three referees, 
should be lodged with Professor R H 
Pain, Department of Biochemistry, 
The University, Newcastle upon 
Tyne NEI 7RU, not later than 28th 
August 1981. {9279A 





UNIVERSITY COLLEGE, 
BOTSWANA 


Applications are invited for 
the post of 


LECTURER IN 
GEOMORPHOLOGY 


Applicants should hold at least a 
Masters degree with specialisation in 
Geomorphology. Those with a PhD 
will be given preference. An ability to 
teach Hydrology would also be an 
advantage. The appointee will be 
required to teach an introductory 
course in Physical Geography, and a 
practical course in map and air photo 
interpretation at Part I level, and an 
advanced course in Geomorphology 
at Part H level. The Department 
would welcome an appointee with a 
strong interest in the use of remote 
sensing techniques in Geomorpho- 
logical and Land Evaluation. There 
are excellent opportunities for 
research in Botswana, and the 
Department has continuing pro- 
grammes in Quaternary studies in the 
Kgalagadi and in land use survey and 
evaluation related to resource 
development. 


Salary scale: Lecturer P7,212 — 
11,604 pa (£1 sterling = P 1.64). The 
University College has a small 
number of positions within its estab- 
lishment for which the British 
Government provides salary 
supplementation. The present posts 
carry no such benefits and are offered 
on ordinary expatriate terms only. 
Two-year contract (renewable); 
contract addition; family passages; 
baggage allowance; gratuity; 
assistance with accommodation, 
hard furniture provided. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar, University College 
Botswana, Private Bag 0022, 
Gaborone, Botswana, to arrive no 
later than 11 September 1981. 
Applicants resident in UK should 
also send 1 copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are avail- 
able from either address. (9267)A 





UNIVERSITY 
OF BIRMINGHAM 
Faculty of Medicine 

and Dentistry 


DEPARTMENT OF 
CANCER STUDIES 


A RESEARCH FELLOW 


with several years’ post doctoral 
experience is required to join a team 
examining the interactions of virus 
transforming proteins with cell 
proteins. Applicants should have 
experience in protein biochemistry 
and have a good knowledge of 
mammalian cell biology. The post is 
supported by the Cancer Research 
Campaign. For three years. 


Salary research range 1A (£6,070 
to £10,575) with superannuation. 


Applications (three copies) with 
full curriculum vitae and the names 
of two referees to Assistant 
Registrar, Medical School, 
Birmingham BIS 27] by 30 





September 1981. Quote reference 
RF/CS/381. (9282)A 
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YOU HAVE GOT A 
BRIGHT IDEA 


TO FIND OUT BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP THESE NEW DRUGS 


We are not a pharmaceutical firm, but a swiss based 
independant financial group, and we are prepared to let you 
participate in a capital venture for the exploitation of your 


project. 


Our object: the development of new biological or chemical 
products (which have previously had a pharmacological 
screening) up to the stage of clinical tolerance and 
effectiveness required to permit licensing negotiations. 





To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chane 38 - 1001 LAUSANNE 


(Switzerland). 


(W368) A 








POST DOCTORAL — 
RESEARCH POSITION 


for Biochemist-Cell Biologist 
available September 1, for two to 
three years, to identify, isolate and 
characterize insulin-like growth 
factor and & -thrombin receptors. (J. 
Biol. Chem. Vol 256: 2767, 1981) 
from cultured cells and tissues. 


Experience in membrane protein 
chemistry, monoclonal antibody 
production, and/or ligand receptor 
characterization is desirable but not 
essential. $15,000 to $20,000 yearly 
depending on qualifications. 


Send curriculum vitae and names 
of three references to Dr James F 
Perdue, Lady Davis Institute for 
Medical Research — Sir Mortimer B 
Davis — Jewish General Hospital, 
3755 Cote St Catherine Road, 
Montreal, Que Canada H3T 1E2. 

(NW760)A 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a 
Postdoctoral Research Assistant- 
ship, supported by the Science 
Research Council, for work on the 
biosynthesis of pyrrolizidine 
alkaloids. The appointment will be 
available for two years from Ist 
October, 1981, at a salary within the 
range £6,070 — £6,880 (Range 1A, 
Research & Analogous Staff scales) 
with USS benefits. 


Applications including a full 
curriculum vitae and the names of 
two referees should be sent to Dr 
D J Robins, Department of 
Chemistry, University of Glasgow, 
Glasgow G12 8QQ. 


In reply, please quote Ref. No. 
39. (9260A 








MRC 


Medical Research Council 
Centre 
Neurochemical 
Pharmacology Unit 


NEUROPHYSIOLOGIST 


Applications are invited for this 
NON-CLINICAL SCIENTIFIC post 
in an active multidisiciplinary 
research team investigating the 
actions of neurotransmitters, 
neuropeptides and psychoactive 
drugs in mammalian CNS. The 
successful candidate will head our 
neurophysiology laboratories, with 
modern and well equipped 
facilities. Applicants should 
preferably have several years of 
post-doctoral experience and 
familiarity with modern neuro- 
physiological techniques, and be 
available for appointment from 
around October 1981. The post 
may be filled by either a SHORT- 
TERM appointment of 3 (to 5} years 
ora CAREER (TENURED) appoint- 
ment according to the age and 
experience of the successful 
candidate. A career appointment 
may subsequently entail changes in 
a scientist's place of work or field of 
work. 

Remuneration will be at an 
appropriate point on the scales for 
university non-clinical academic 
staff. 

Applications in writing within 
the next four weeks, with CV 
and names of two professional 
referees, and quoting reference 
number NP/3 to: The 
Administrator, MRC Centre, 
University Medical School, Hills 
Road, Cambridge CB2 20H. 
(9265) 
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AGRICULTURAL RESEARCH COUNCIL 


FOOD RESEARCH INSTITUTE 
NUTRITION & FOOD QUALITY DIVISION 


Nutritionist 
Senior Scientific Officer/ Higher Scientific Officer 


The Institute has a vacancy for a Nutritionistto take charge of anew 
group working on the methodology of measuring food and nutrient 
intake in man. The officer appointed will be seesponsibie to the Head 
of Division (Dr. D. A. T. Southgate) and will be expected to develop 
the research programme of the group. 


The post calls for an interest in quantitative human nutrition and the 
problems of assessing food intake of indivicuals and groups of the 
population over long periods. An interest in food composition and 
the application of computer techniques in the assessment of 


nutrient intakes is essential. 


Qualifications: A first or upper second class Honours degree in 
Nutrition or a related subject with research experienced that has 
involved studies of measuring food intake im man. At least 2 years 
relevant post-graduate experience required for HSO; 4 years for 
SSO grading. 


Salary: (under review) 
Senior Scientific Officer — on a scale £7,644 — £9,619. 
Higher Scientific Officer — on a scale £6,075 — £7,999. 


Further particulars and application form from the Secretary, 
Food Research Institute, Colney Lane, Norwich NA4 7UA 
quoting ref. 81/41. 


Closing date: 31st August 1981. (9250A 








LIVERPOOL POLYTECHNIC 
Department of Chemistry and Biochemistry 


RESEARCH ASSISTANT 
£3,918 — £4,590 p.a. 


Required to work on sweat physiology/ biochemistry in relation to 
cystic fibrosis. The work will mainly involve radioimmunoassay 
and electrolyte determinations. The project is funded by the 
Cystic Fibrosis Research Trust and initially isfor one year 
commencing October, 1981. 
Applicants should have a first degree in Biochemistry or 
Physiology. it may be possible for a suitable candidate to register 
for a higher degree (CNAA). 
Further details and applications from Dr. F. McEvoy, 
Department of Chemistry and Biochemistry, Liverpool 
Polytechnic, Byrom Street, Liverpool LI 3AF. 
Closing date is 21 days from the appearance of this 
advertisement. The Council is an Equal Opportunity Employer and 
welcomes applications irrespective of race, sex or marital status, 
(3242A 





THE FLINDERS UNIVERSITY OF SOUTH AUSTRALIA ) 
SCHOOL OF PHYSICAL SCIENCES 


Graduates in chemical engineering, chemistry or physics are invited to 
apply for the position of 


Research Assistant 
(High Temperature Electrochemist) 


The appointment will be initially fer one year. 
Under a grant from ALCOA of Australia Limited a feasibility study will 
be carried out to measure oxygen concentration in molten fluoride 
electrolytes using the principles of the Flinders Oxygen Probe. 

Candidates with a high-temperature-electrochernical background will be | 
preferred, 
Salary will be up to A$15,664 a year, depending on qualifications and 

experience. 

Enquiries regarding this position should be disected to Associate 
Professor H J de Bruin, telephone (08) 275 2192-01 275 2111. 

Written applications, including curriculum vitae and the names and 
addresses of three referees, should be lodged with The Registrar, The 
Flinders University of South Australia, Bedford Park, South Australia, J 

§042 not later than Friday 28th August 1981. QA S 
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Metabolism. 









(9264)A 


NMR Spectroscopist 


A vacancy exists for an NMR Spectroscopist in the Analytical Department 
of our Pharmaceutical Research Laboratories. The Department is involved 
in the development and application of methods of measuring drugs in 
biological fluics as well as the provision of mass spectrometry and NMR 
services to other departments, notably Synthetic Chemistry and Drug 


The ideal candidate will be a young graduate or equivalent with 2-3 
years experience of the operation and maintenance of Fourier transform 
NMR spectrometers and who have some knowledge of the interpretation 
of data. We expect shortly to take delivery of a Brucker 250 MHz Fourier 
transform spectrometer and the successful applicant will take charge of 
this and provide a service to the other departments as outlined above. 


The Company is situated at Milton Keynes where housing is available 
for rent or purchase. 


Salary and conditions are of the order to be expected from a world 
leader in the pharmaceutical field and include contributory pension with 
free life insurance, membership of PPP and a generous relocation 
allowance, if appropriate. 


Please write or telephone for an application form to: 


Adrian Forrest, Personnel Department, Hoechst UK Ltd., Walton Manor, 
Walton, Milton Keynes, Bucks. Tel: Pineham 5068. 


Hoechst 
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UNIVERSITY OF 


FELLOWSHIPS 








CALIFORNIA 
Los Angeles 
Tenure Faculty Position 
ASSOCIATE OR FULL 
PROFESSOR IN THE FIELD 
OF PLANETARY 
ATMOSPHERES 


A position has become available for a 
joint appointment in the Department 
of Atmospheric Sciences and the 
Institute of Geophysics and 
Planetary Physics. 


Preference will be given to Senior 
Scientists with recognized 
accomplishments, whose interests are 
in global atmospheric composition 
and evolution of planetary 
atmospheres. 


The position will require the 
successful candidate to develop a 
strong research program. A 
moderate teaching load will be 
expected in the Department of 
Atmospheric Sciences. 


Applicant deadline: 30 November 
1981, Please send résumés to Hans 
Pruppacher, Chairman, Department 
of Atmospheric Sciences, University 
of California, Los Angeles, 
California 90024. An Equal 
Opportunity/Affirmative Action 
Employer. (NWX796) A 




































IMPERIAL CANCER 
RESEARCH FUND 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 
Applications are invited for a three 
year postdoctoral appointment in 
the joint laboratories of Tumour 
Virology and Viral Leukaemo- 
genesis at Lincoln's Inn Fields to 
apply recombinant DNA tech- 
niques to the study of virus-induced 
oncogenesis. Molecular cloning of 
RNA tumour viruses is being 
undertaken to investigate, by a 


analysis, DNA sequencing and 
DNA transfection, the structure 
and function of mutant and wild 
type viral transforming genes and 
their interaction with host cell 
sequences in which they integrate. 
Salary range £7,700 — £9,750 plus 
London Allowance £967 a year, 
with entry point according to 
qualifications and experience. 

Further information from Dr. John 
Wyke (tel. 01-242 0200 ext 270). 
Applications with curriculum vitae 
and names and addresses of two 
referees should be sent to the 
Secretary, Imperial Cancer 
Research Fund, Lincoln's Inn 
Fields, 
August, 1981 quoting reference 
(124/81. 








combination of restriction enzyme | 


London WC2 by 3fsť 





(9243)E E 








UNIVERSITY OF LEICESTER 
SCHOOL OF BIOLOGICAL 
SCIENCES 
ICI/UNIVERSITY JOINT 
LABORATORY 
Applications are invited for a 
POST-DOCTORAL 
FELLOWSHIP 


in a group studying the molecular | 
genetics of methylotrophic bacteria. 





| 
| 
The post provides an opportunity | 
to use modern bacterial genetics and 
recombinant DNA techniques to | 
study chromosomal organisation in | 
an industrial micro-organism. | 
Applicants should have post- | 
graduate experience in a relevant | 
discipline, but experience in i 
molecular cloning is not essential. | 
F 
| 
| 


The salary will be in the research 
and analogous scale £6,070 — 
£10,575 and the appointment will 
initially be for two years. 


Applicants should send a 
curriculum vitae and the names and 
addresses of two referees to 
Professor W J Brammar, Depart- 
ment of Biochemistry, University of 
Leicester, Leicester LE] 7RH, from 
whom further details can be 
obtained, GLIDE 


(| university 


oe a 
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UNIVERSITY OF KENT AT 
CANTERBURY 
RESEARCH FELLOWSHIPS 
IN PHYSICS 
Applications are invited for two posts 
of Research Fellow associated with 
projects involving structural studies 
of molecular liquids and amorphous 
solids by diffraction methods. One 
appointment is for three years for 
work concerned primarily with the 
use of pulsed neutrons from the 
Harwell Electron Linac but some 
work on the high flux reactor at ILL 
Grenoble is also envisaged. The 
second post is available for two years 
and involves the use of X-rays from 
the Synchrotron Radiation Source at 
the Daresbury Laboratory, Cheshire. 
Both projects, under the supervision 
of Dr John Dore, will exploit the 
short wavelength nature of these new 
sources to obtain detailed in- 
formation on molecular con- 
formation and orientational 
correlations. Prior experience with 
diffraction and computing tech- 
niques will be an advantage but is not 
a prerequisite, Salary range £6,070 — 

£7,700 on the Grade IA scale. 


Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of 
Natural Sciences, Chemical 
Laboratory, The University, 
Canterbury, Kent CT2 7NH to whom 
completed applications should be 
submitted by 28 August 1981. Please 
quote ref, A24/81/N, (9256)E 








UNIVERSITY OF 
BRITISH COLUMBIA 
Vancouver 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
IN IMMUNOLOGY 
An Immunologist is being sought to 
join a research group investigating 
network aspects of the immune 
system. The salary will be in the range 
14,000 dollars to 14,500 dollars 

(Canadian). 

The position is for one year 
initially, and can be extended up to 
two years. 


Applicants should write to Dr G W 


| Hoffmann, Depts of Microbiology 


and Physics, UBC, 2075 Westbrook 
Mall, Vancouver, BC Canada V6T 
W5, and ask two referees to write to 
umon their behalf. (NWRO3JE 





OF DUNDEE 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 
FOSTDOCTORAL RESEARCH 
FELLOWSHIP 
EST/48/81J 
Applications are invited for the 
above post to work with Professor 
J.A. Raven and Dr. J. Beardall on 
an investigation of the significance 
of ‘slippage’ and protein turnover in 
the energetics of shade-adapted 
i phototrophs. Appointment fram 1 
January 1982 for up to three years 
within the salary range £6,070 — 

| £6,475. 

Further particulars from Personnel 
Office, The University, Dundee 
DD1 4HN, to whom applications (2 
copies) should be sent by 
Wednesday 30 September 1981. 
(9262)E 
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The 
Izaak Walton Killam 


POSTDOCTORAL 
FELLOWSHIPS 


1982-1983 
DALHOUSIE UNIVERSITY 


Fellowships valued at $16,000 (1981-82), plus 
travel allowances, are tenable for one year at 
Dalhousie University in most fields of study 
Application for extensions may be considered 


Qualification 

Applicants should have recently completed a 
Ph.D. degree at a recognized university, or ex- 
pect to obtain a degree before taking up an 





award, 


Application 


Application forms may be obtained by writing 


to: 


The Office of the Dean 
Faculty of Graduate 5tudies 


Dathousie University 
Halifax, Nova Scotia 


B3H 4H6 


The closing date for receipt of applications is 


15 December, 1981. 





UNIVERSITY 
OF EDINBURGH 


DEPARTMENT OF | | 
MOLECULAR BIOLOGY | 
POSTDOCTORAL 

RESEARCH FELLOW | 


| Applications are invited for al 
| postdoctoral research fellowship in| | 
| the above Department for work| 
| involving the cloning of develop- | 

[mentally regulated MRNA’ 
| sequences in Xenopus. The, 
| appointment available from ist. 
| October 1981 will be for three years | 
‘onan SERC funded research grant. | 


| 
| 
| 








| Salary starting at point 3 (£6,880) | 


lon the 1A Range for Research and] 
| Analogous Staff. Candidates with | 
directly relevant experience wou id] | 
| be preferred, but inquiries are also | | 


| 1 
| | 
(invited from people who have | 
recently completed PhD work in | 
related fields and would like to, | 
| acquire methods of nucleic acid | 
and cloning technology. Informal, | 
| enquiries may be made to Dr P Ford | 
-| {031} 667 1081 ext 2873/8. T 

| 
| 
l 
| 


et Applications should be made in| 
“writing, quoting at least two? 
referees, to Dr P J Ford, 
Department of Molecular. 
< Biology, King’s Buildings. | | 
‘Mayfield Road, Edinburgh EHS 


3JR. Please quote Reference | 
5042. (9273)E || 














(INW794)E 


UNIVERSITY OF KENT AT 
CANTERBURY 
RESEARCH FELLOWSHIPS 
IN PHYSICS 


| Applications are invited for two posts | 


| of Post-Doctoral Research Fellow 
for a new research programme 
directed by Dr D A Jackson to 
develop optical sensors, using lasers 
and fibre optics, for industrial, 
surveying and research applications. 
The programme is funded by the 
SERC and the Royal Society and the 
appointment will be for three years. 
Experience in optics and electronics 
would be an advantage though not 
essential and the successful 
applicants should be prepared to 


| collaborate with potential users of 
| the sensors. Salary will bein the range 
£6,070 — £8,515 on the Grade 1A | 


scale, 


Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of 
Natural Sciences, Chemical 
Laboratory, The University, 
Canterbury, Kent CT2 7NH to whom 
| completed applications should be 
submitted by 28 August 1981. Please 
quote ref. A25/81/N. (S254)E 








| 











IMPERIAL CANCER 
RESEARCH FUND 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 
Applications are invited for a three 
year, postdoctoral appointment in 
the Viral Leukaemogenesis Labo- 
ratory at Lincoin’s Inn Fields to 
work on control of expression of 
membrane proteins during 
differentiation of erythroblasts 
transformed by avian retrovirus, in 
particular avian erythrobalstosis 

virus. 
Salary range: £7,700 to £9,750, plus 
London Allowance of £967 a year, 
with entry point according to 
qualifications and experience. 
Further information from Dr. M. | 
Hayman (telephone 01-242 0200 | 
| 








oo 
o 
| 
| 
| 
| 
| 
| 





extension 448), Applications 
including full curriculum vitae and 
names. and addresses of two 
referees should be sent to the 
Secretary, Imperial Cancer 
Research Fund, Lincoln's 





| 
| 
| 
| 


Fields, London WC2, by KA 
August, 1981, quoting Eea | 
121/81. | 








| Applications 


CONFERENCES 





UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 


are invited from 
members of the University and 
teachers in Schools of the University 
for grants from the Central Research 
Fund to assist specific projects of. 
research and for the provision of 
special materials and apparatus. 


Grants are not made for nermal | 


maintenance. 


Applications must nert be received 
not later than 8 September 1981, 
Forms of application and further 
particulars may be obtained from the 
Secretary to the Central Research — 
Fund, University of London, Senate 
House, Malet Street WCIE THU. 

(9268) 








THE INDUSTRIAL LIAISON PROGRAM OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
PRESENTS A COLLOQUIUM ENTITLED 
“‘Microcapsules and Microcarriers 
in Biotechnology” 


Date: October 15, 1981 


Chairman: 
Co-Chairmen: 


Other Speakers: 


Location: 
Contact: 
Attendance Fee: 
Topics: 


Controlled Drug 


Liposomes — Drug Targeting 


Microcapsules 


Diffusion Control in Food Systems 


Microcarriers for 


Microcarriers in Vaccine Production 


Abstract: 


Major advances have been witnessed in the past few years inthe area of | 
biotechnology, which can be defined as the application of engineering 
principles to biological processes. In this coloquium, the use of novel | 
microcapsules and microcarriers — in biotechnology willbe @ 


concept ~ 
discussed. These particles possess 


and applied research. The applications in several important areas will 
also be discussed including their use as (1) supports for cells which make 
useful products, ii} matrices for enzymes to be used as bioproducers or 


Professor Robert $. Langer, Jr., 
Professors Marcus Karel, Alexander Klibanov, 
William Thilly, MIT 

Professor E. Katchalski-Katzir 

Weizmann Institute of Science 

Professor D. Papahadjopoulos 

University of California, San Francisco 

Professor T. Chang, McGill University 

J, Salk, M.D., Salk institute 

MIT Kresge Auditorium, Carnbridge, MA 02138 
Maria Clara V. Suva Martin 

industrial Liaison Program 

Tel: (617) 253-2691. Telex: 921473 

industrial Liaison Program (OLP) Members — free 
Non-ILP Members — $500 

Immobilized Enzymes 

Enzyme Stabilization 


MET 


Delivery Systems 


Mammalian Cell Culture 


significant potential in beth basic 1 


bioconverters, and (iii) the central components in drug and food: @- 


delivery systems. 


(INWX7S3}C 
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XX. 
ASSISTANTSHIPS 
UNIVERSITY UNIVERSITY OF 
OF EXETER BRITISH COLUMBIA 
DEPARTMENT OF DEPARTMENT OF 
CHEMISTRY CHEMISTRY 
POSTDOCTORAL GRADUATE TEACHING 

RESEARCH ASSISTANTSHIP ASSISTANTSHIPS 


Applications are invited for a 
postdoctoral Research Assistantship 
(supported by the SERC) to work on 
the metabolism of the branched chain 
amino acids. The project will include 
the stereospecific synthesis in 
isoptopically labelled form of bio- 
logical intermediates and studies of 
their conversions into both primary 
and secondary metabolites. 


The appointment will be for two 
years, commencing | October 1981. 
Salary within the range £6,070 to 
£6,880 per annum, placement 
dependent on age and experience. 
Applications with curriculum vitae, 
and the names and addresses of two 
referees, should be sent as soon as 
possible to Dr D H G Crout, Depart- 
ment of Chemistry, University of 
Exeter, Stocker Road, Exeter EX4 
4QD. (9278)P 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


Applications are invited from 
Organic chemists for a 3 year 
postdoctoral research assistantship 
supported by the SRC to study 
stereochemical aspects of the 
biosynthesis of some fungal lactones. 
The initial salary will be within the 
range £6,070 — £6,880 (Range 1A, 
Research and Analogous Staff 
scales). 


Applications including curriculum 
vitae and the names of two referees 
should be sent to Dr N J McCorkindale, 
Department of Chemistry, The 
University, Glasgow G12 8QQ. 


In reply please quote Ref. No. 
4840. (9261)P 


UNIVERSITY 
OF EXETER 


DEPARTMENT OF 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANTSHIP 


Applications are invited for a post- 
doctoral Research Assistantship 
(supported by the SERC) to work on 
the biosynthesis of riboflavin. 
Previous experience in the isolation 
and purification of plant or microbial 
metabolites in the application of 
isotopic techniques to the investi- 
gation of biological pathways and in 
the handling of fungal systems would 
be an advantage. 


The appointment is for two years, 
commencing 1 October 1981. Salary 
within the range £6,070 to £6,880 per 
annum, placement dependent on age 
and experience. Applications, 
together with a curriculum vitae and 
the names and addresses of two 
referees, should be sent as soon as 
possible to Dr D H G Crout, Depart- 
ment of Chemistry, University of 
Exeter, Exeter EX44QD. (9277)P 











1981/82 Academic Year 


Graduate Teaching Assistantships 
are available for candidates with high 
academic records who wish to pursue 
further studies towards the MSC and 
PhD Degrees in Chemistry. Excellent 
research facilities are available in all 
areas of modern Chemical Science, 
ranging from Bio-Inorganic 
Chemistry to Chemical Physics. 
Attractive and competitive teaching 
stipends and summer research assist- 
antships are available for all students 
in the programme. Numerous 
graduate scholarships are available 
for students with outstanding 
academic records. 


Application forms and further par- 
ticulars may be obtained from the 
undersigned: James Trotter, 
Professor and Acting Head, 
Department of Chemistry, The 
University of British Columbia, 2036 
Main Mall, Vancouver, British 
Columbia, Canada V6T 1Y6. 

(NW795)P 


UNIVERSITY OF 
GLASGOW 
DEPARTMENT OF 
ORGANIC CHEMISTRY 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP IN BIO- 
ORGANIC CHEMISTRY 


Applications are invited for an 
SERC-sponsored Research Assis- 
tantship to study terpenoid 
metabolism in plant-tissue cultures 
and micro-organisms. Applicants 
should have a good background in 
organic synthesis. Experience with 
radio-isotopes and micro-organisms 
would be an advantage. The post is 
available from 1.10.81 and is tenable 
in the first instance for one year at a 
salary in the range £6,070 to £6,880 
(Range 1A, Research & Analogous 
scales). 


Applications with curriculum vitae 
and the names of two referees should 
be sent as soon as possible to 
Professor K H Overton, Department 
of Chemistry, The University of 
Glasgow, Glasgow G12 8QQ. 


In reply please quote Ref. No. 4838 
(9246)P 
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ASSOCIATESHIPS 








Couricil Canada 


1982 
RESEARCH 
ASSOCIATESHIPS 


for research in science and engineering in the 
following laboratories of the NATIONAL 
RESEARCH COUNCIL OF CANADA: 


Atlantic Research Laboratory 
Division of Biological Sciences 
Prairie Regional Laboratory 
Division of Building Research 
Division of Electrical Engineering 
Industrial Materials Research Institute 
Division of Mechanical Engineering 
Division of Chemistry 
Herzberg Institute of Astrophysics 
Division of Physics 
Applicants should have recently acquired a PhD in 
natural science or a Master degree in an 
engineering field or expect to obtain the degree 

before taking up the Associateship. 
Associateships are open to nationals of all 
countries although preference will be given to 


Canadians. 


Research Associates will be offered appointments 
to the staff of the National Research Council ona 
term basis and will be offered salaries and benefits 
currently available to members of the continuing 


staff. 


The initial appointment will normally be for a two- 
year term and may be renewed, subject to the 
Associate’s performance and subject to the 
requirements of the Division. Renewals are 
considered annually. The term as a Research 
Associate will vary by Division but will not exceed 


five years. 


An allowance will be provided towards the cost of 


travel. 


| National Research Conseil national 
de recherches Canada 


arene 








































Applications may be obtained from the 
Research Associates Office, National 
Research Council of Canada, Ottawa, 
Ontario, Canada, K1A OR6. 














Closing date: 15 December 1981. 





(9253)P 


STUDENTSHIPS 





UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF BIOLOGY 
SERC — CASE 
STUDENTSHIP IN 
PLANT PATHOLOGY 


A research student is required to 
work on the effectiveness of the 
growth of cereals in mixtures in 
reducing disease. The work will be 
carried out in collaboration with the 
National Institute of Agricultural 
Botany, Cambridge, where some of 
the experimental work will be done. 


The person appointed will be able 
to register for the Degree of PhD at 
Southampton. Further particular 
available. from Dr J G Manners, 
Department of Biology, Buiiding 44, 
The University, Southampton SO9 
SNH. (9249)F 





UNIVERSITY OF 
DURHAM 
DEPARTMENT OF BOTANY 
Applications are invited for a 
STUDENTSHIP 


from science graduates with a first or 
upper second class degree to read for 
a higher degree in the field of 
recombinant DNA technology. 
Starting date 1 October 1981 or aw 
soon as possible thereafter. 


Applications, naming two 
referees, should be sent to Professor’ 
D Boulter, Department of Botany, 
Science Laboratories, South Road, 
Durham DH1 3LE. (9250)F 


i i j i i k inting: i Wokingham, Berks, in association with 
tting: J.W. Arrowsmith Ltd, Bristol and Outline Graphics Ltd. London ECA. Printing: The Chesham Press Ltd, Chesham, Bucks, and Kingsdale Press Ltd, 
conte Ltd, London WCIR 4EB and The William Byrd Press Inc., Richmond, Virginia. Published by MACMILLAN JOURNALS LTD, 4 Little Essex Street, London WC2R 3LF. — 6 August 1981. 
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Solar flares 








HUMAN TOXICOLOGY 


An International Journal 









































Chairman of the Editorial Board 
Professor Roy Goulding 

Human Toxicology 

Macmillan Publishers Lid 

4 Little Essex Street 

London WC2R 3LF 


Secretary to the Editorial Board 
«Professor Paul Turner 
<: Department of Clinical Pharmacology 
St Bartholomews Hospital 
West Smithfield, London EC1A 7BE 


Editorial Board: 
: Professor C L Berry 
Department of Morbid Anatomy 
The London Hospital Medical College 
Turner Street, Whitechapel, London El 


Dr Alan Curry 
Home Office, Horseferry House 
Dean Ryle Street, London SWLP 2AW 


- Professor D S Davies 

© Department of Clinical Pharmacology 
Royal Postgraduate Medical School 
Ducane Road, Hammersmith, London W12 


-Dr David Gall 
Chemical Defence Establishment , 
“Porton Down, Salisbury 


Professor A N P van Heijst 

<: Rijks Instituut voor de Volksgezondheid, 

< Antonie van Leenwenhoeklaan 9, Postbus 1, 
Bilthoven, The Netherlands 


Professor Bo Holmstedt 
Karolinska Institutet, Solaavagen I 
104 01 Stockkolm, Sweden i 


Professor Louis Lasagna ~..... 
Department of Pharmacology & Toxicology 
University of Rochester 

School of Medicine 

Rochester, NY14600, USA. 


Dr A E M McLean 

Dept. of Clinical Pharmacology & Toxicology 
University College Hospital Medical School 
University Street, London WCILE 63] 


Professor E G McQueen 
Department of Pharmacology 
University of Otago Medical School 
Great King Street, Dunedin, New Zealand 


Mr Frank M Sullivan, 
Department of Pharmacology 
Guy's Hospital Medical School 
St Thomas's Street 

London Bridge, SEI 9RT 


Dr M Sharratt 
Group Occupational Health Centre 
BP, Chertsey Road, Middx. TW16 7LN 


Professor D N Wade, 

Department of Clinical Pharmacology, 
University of New South Wales, 

PO Box 1 Kensington, NSW, Australia 


Aims and Scope 

Toxicology is the ty of the reactions, both adverse and compensate 
living creatures to noxious materials. The hazards to which man is 
exposed and the manner in which he reacts to them from the moment 
conception and thereafter throughout life is the subject of Human 
Toxicology. This new journal embraces both animal research, where - 
a direct significance for man, and studies on man himself. These stud 
may be biochemical, physiological, pathological, clinical and 
epidemiological but will all be designed to increase our understanding 
the action of noxious substances in the body and of means to counter 
effects. All papers will be subject to peer review. 


Main Features 

The following material will appear on a regular basis: 

* Original papers of a high scientific standard on all aspects of hum 
toxicology, embracing both animal research and studies with hum: 
Short communications 

Invited comment on current matters of professional interest 
Editorials on topical issues 

Review papers 

Book reviews 


Call for Papers 


The submission p suitable papers for editorial consideration is welco: 
Papers must be in English and two copies should be submitted. 
References, collected at the end of the paper, should include the auth: 
name, year of publication, title of article, title of publication, volume 
number and first and last page numbers. They should be listed in 
alphabetical order. A detailed list of Instructions to Authors can be 
obtained from the Publisher. Papers should be sent directly to the Edi: 
Secretary, Human Toxicology, 4 Little Essex Street, London WC2R 
England, or to Human Toxicology, Nature, Suite 1503, 15 East 26th 
Street, New York, NY 10010, USA. 
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To: Human Toxicology, Scientific & Medical Division. 
Macmillan Publishers, Houndmills, Basingstoke, Hampshire RG21 2XS. UK. 


or to: Haman Toxicology, Nature Suite 1503, 15 East 26th Street. 
New York. NY 10010 USA. 


C] Please enter my subscription for Volume | of Human Toxicology 
Published in 4 issues per volume. 
C] Please send me a sample copy of Human Toxicology 


Subscription rates: UK £40 per volume. USA $95 per volume. 
R.0.W. £45.00 per volume 
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Our >600Ci/mmol dNTPs, [a@ - *2P] - are now also 

available concentrated to ~10mCi/ml in an aqueous 

solution, ready to pipet directly into your reaction ee 
mixture. No need to remove or concentrate the pack- ao 
aging solution. No unnecessary handling. ea 
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stability * significantly with 10mM Tricine, a buffer ELURRA 
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concentration NTPs, [æ - °P] -. 
Not for use in humans or clinical diagnosis *Patent Pending 
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Faster. 


We will ship most custom-synthesized 
nucleotides within 2-3 weeks of receipt 
of your order. Our DNA/RNA Synthesizer 
automates the time-consuming process of 
building nucleic acid chains and gives 
results in hours rather than in days. 

You can spend more of your time working 
with nucleotides, less of your time synthesizing 
them. For cost estimates and to place an 
order call, write, cable or Telex Margaret Whitby 
at BIO LOGICALS, Toronto, Canada. 
Tel: 416-364-8460 
Telex: 06-218746 
Cable address: LOGBIO 
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ae Synthesis 

e i Oligonucleotide sequences 
of up to 20 bases will usually be shipped 
within 2-3 weeks of receipt of your order. 
Modified and labeled bases can be incor- 
porated in custom sequences. We can 
produce chains of almost any length in- 
cluding entire genes. Speed is not the only 
advantage of BIO LOGICALS' Custom 
Service. Our nucleotides are exceptionally 
pure and our accuracy is guaranteed. 
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All syntheses 
sequence-verified. 


Standard Products 


in addition to our custom service our catalogue contains a wide 
selection of linkers, primers and adapters for immediate delivery. 
Most synthetic linkers and adapters are availabie off-the-shelf, 
Purity and quality are equal to that of our custom products. 








The DNA/RNA Synthesizer: in your laboratory or in ours, 
it wil give you the oligonucleotides you need. Fast! 


DNA/RNA Synthesizer 


You may prefer to purchase your own DNA/RNA Synthesizer. 
If you do your technician will be able to make the nucleic 
acid sequences you need, Any desired sequence up to 

14 bases in length can be built automatically. Each base 
addition takes approximately 30 minutes. Operation simply 
involves loading the correct column, connecting our reagent 
and base packs and programming-in your sequence. The 
DNA/RNA Synthesizer cycles automatically until the chain 
is complete. it is then ready for the next program. After 
removal from the column your sequence may be purified or 
used as is for certain applications. Ligation of 14-mers is a 
route to longer sequences. 
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Odd ways with neutron bombs 


That President Ronald Reagan has taken the decision on 
neutron bombs from which his predecessor shrank in 1979 is no 
great surprise. But the National Security Council’s advice last 
week — with Secretary of State Alexander Haig apparently 
dissenting — will reverberate for several months to come. 
Although the Administration’s plan is that the neutron weapons, 
when manufactured, should be stockpiled in the United States 
and not shipped to Europe, several democratic European 
governments will find that circumstance of very little help in 
dealing with their own electors. The only potential battlefield in 
which neutron weapons might have a place is in Central Europe 
but there they could be a powerful reinforcement of the tactical 
nuclear weapons, euphemistically called ‘‘theatre weapons”, 
now or soon to be deployed. It is understandable that Mr Reagan 
should resist the notion that European governments should hold 
some kind of veto over the munitions policy of the United States, 
but it is not merely insensitive of him but dangerous to the 
cohesion of the chief alliance in which the United States is 
engaged, to behave as if European opinions are irrelevant. 

Scepticism about the feasibility and effectiveness of neutron 
weapons has by now been largely dissipated. If it is possible to 
makea high-yield thermonuclear weapon by using a fission bomb 
to detonate a fusion mixture in such a way that the neutrons 
produced cause fast fission in a casing made of, say, uranium-238, 
why not play the same trick within a casing of beryllium, so 
multiplying the yield of neutrons? The only wonder is that 
something like this can be done within the diameter of eight-inch 
howitzer shells. And given the penetrating power of energetic 
neutrons, there is probably something in the claim that neutron 
weapons would be relatively more damaging than fission weapons 
to people rather than property — which is not to say that tanks or 
other battlefield equipment would remain in working order, 
ready to be turned against their original owners once the dead 
(and dying) bodies had been removed. So why is there so much 
opposition in Europe to what seems to be a sensible improvement 
of military technology? 

Part of the reaction against neutron weapons springs from the 
widespread conviction that, because all nuclear weapons are 
abominations, the addition of a new design to existing armouries 
must be a calamity. The argument is mistaken. European defence 
is for the time being based on the assumption that nuclear 
weapons would have to be used in a serious conflict, even if the 
consequence might be the widespread destruction of European 
life and property. Neutron weapons, less damaging than 
“ordinary” nuclear weapons and more easily directed against 
military personnel, should therefore be more acceptable to 
European opinion. That is the simple counter-argument. It does 
not fully meet the subtle European complaint that the availability 
of relatively usable nuclear weapons will encourage their earlier 
use in any future European conflict. But that argument cuts both 
ways. The earlier use of comparatively safe nuclear weapons 
might just as well serve to prevent a more damaging exchange of 
nuclear weapons at a later stage as to invite early nuclear 
retaliation. In the bizarre logic of the nuclear battlefield, in which 
strategic nuclear weapons are intended to stay forever in 
wonderland, neutron weapons are a blessing and not a curse. 

Unfortunately, especially for President Reagan and for those 
politicians in Western Europe who must now learn to live with last 
week’s decision, this is not the end of the argument. Protests 
against the manufacture of neutron weapons may be inconsistent 
with the assumptions on which the defence of Western Europe is 
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based, but this does not mean that they count for nothing —~ 
especially at the European ballot box. For the past three years, 
since Chancellor Helmut Schmidt courageously put his political 
head on the block by saying that he would allow neutron weapons 
in West Germany (without foreseeing that President Carter would 
find it politic to stab him in the back), it has been plain that the 
wayward trend of the past few years in European opinion will be 
countered only by a resumption of negotiations between the 
United States and the Soviet Union on nuclear armaments, These 
negotiations are, in any case, necessary for other and more 
compelling reasons, the need in Western. Europe to modify 
Strategic stand-off by flexibility in East and West European 
relations chief among them. In the past few weeks, the United 
States Secretary of State, followed with a needless show of 
diffidence by the Administration of which he is a part, has been 
talking hopefully of a resumption of the negotiations on the Salt 
II treaty (still in limbo) later in the year. (The diffidence is needless 
because the Administration has no choice.) Has this brave 
prospect now disappeared? 

The most cynical reading of last week’s decision on neutron 
weapons is that it is not (as Pravda and the Soviet news agency 
TASS have been saying) a proof that the United States is not 
serious about negotiations on strategic weapons but, rather, that 
it is the opposite — a preparation for Mr Haig’s promised talks. 
For what could be more astute than to stake a claim to the right to 
deploy neutron weapons in Europe so as to increase the range of 
possible concessions during a negotiation? The trouble is that last 
week’s meeting of the National Security Council — perhaps the 
most fully reported on record — seems to have been more 
iconoclast than that. And even if the underlying calculation is 
machiavellian, it is wrong. While the Netherlands (reluctantly a 
potential host for United States cruise missiles and Pershing IH 
missiles in 1983 or thereabouts) still lacks a government, with the 
danger that the democratic and electoral rot might spread 
(Belgium?) and with the West German defence budget rising less 
quickly than expected, the United States Administration may find 
that it cannot hold the ring in Western Europe, even until Mr 
Haig’s target date later in the year, if it fails to reckon with its 
allies’ ballot boxes, not just with its own. That is a penalty of being a 
superpower, as the Soviet Union has found in Poland. 


Stanford’s patent prize 


Is Stanford University just lucky? Or unlucky? Or do the 
problems stemming from its exploitation of the Boyer~Cohen 
patent, which goes to the root of many present attempts to make a 
commercial success of genetic manipulation, derive simply from 
its good sense, over several decades, in recruiting faculty members 
with skill, imagination and flair? The answer is yes on all three 
counts. 

When universities of all kinds are under serious financial 
pressures, one that finds itself blessed with what may be a sub- 
stantial source of revenue in the 1980s (untl the patent runs out) 
will be the envy of both private and public universities in the 
United States and elsewhere. Even so, it is unlikely that Stanford 
would have sought the invidious positicn of being the first 
university in the United States to have patented a scientific 
discovery that is already of outstanding importance in research 
laboratories (where patent protection entails no restriction) and 
may yet be the basis of a new industry. 
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Stanford’s patent has been made possible by the changes of 
policy nearly a decade age at the National Institutes of Health, 
which made it possible for universities to apply for their own 
patents even when financial support had come from federal 
funds. (One irony in the case of the Boyer-Cohen patent is that the 
University of California never succeeded in negotiating what is 
called an Institutional Patent Agreement, whence its partnership 
with Stanford in this venture.) Last year, the doctrine that 
recipients of federal research grants may nevertheless patent 
discoveries that arise, and not leave them in the public domain, 
was extended by the new patent legislation to most agencies of the 
federal government. The arrangement has some virtues. It 
provides universities with an independent source of income, and 
there is a chance that some universities will be more efficient 
merchants of innovation than the government has been. Given its 
traditions, Stanford could hardly have stood aside from these 
developments. In that sense, its bad luck has been thrust upon it. 

The university and its members have in the circumstances 
conducted themselves with the utmost propriety. First, the 
authors of the discovery have assigned all their personal rights to 
their respective universities, and will make no financial gain from 
whatever happens in the next few years. Second, Stanford has 
apparently consulted widely with the companies likely to be the 
first in the field with practical applications of the new techniques. 
Third, patent protection has apparently not been sought outside 
the United States (but less liberal regulations on prior publication 
elsewhere might have been an obstacle). Fourth, the terms to 
would-be licensees are modest, as these things go; neither 
university seems out to make a quick buck, or an unseemly 
number of bucks. Even the imminence of the deadline (15 
December) before the terms are made stiffer is forgivable, given 
the advance consultation there has been. And licensees will have 
to comply with National Institutes of Health guidelines. Finally, 
Stanford stands out among universities in the United States in 
having formulated an explicit policy for the seemly division of the 
spoils from patent exploitation between the university, the 
inventors and the departments to which they belong (see Nature 
18. June, p.524); the Stanford faculty will be debating these 
proposals early in the new academic year. 

So why should there be a fuss, if fuss there is? Most probably 
the commercial companies, especially those which Stanford has 
consulted in advance, will take out licences promptly and without 
complaining that they are being held to ransom. They will know 
that it will cost them more tc buy exclusive (as distinct from non- 
exclusive) licences for particular applications of genetic 
manipulation from the genetic engineering companies that have 
mushroomed in the past few years. Even so, a legal challenge to 
the patent is more than possible if less than probable, either on the 
grounds that Boyer and Cohen were not the only authors of the 
research or that, in the early 1970s, the techniques now patented 
were not as novel as they may have seemed. Stanford seems 
prepared for such a challenge (see page 573) and may well be right 
in thinking that it would win its case. What will concern its 
friends, those who admire and owe an intellectual debt to Boyer 
and Cohen as well as those concerned for the reputation of 
scientific scholarship, is that a wrangle about scientific priority in 
the courts would be damaging to institutions and people. 

Another difficulty goes to the root of current policy in the 
United States on the exploitation of federally sponsored 
inventions. There is now a danger that, in the years ahead, drafts 
of papers for publication will be read with an eye not merely for 
scientific merit but for exploitability. Moreover, Stanford and the 
University of California at San Francisco apart, it remains to be 
seen whether the federal government’s new liberality on patents 
will turn out to be a golden goose or merely another addition to 
the cost of university administration. A more serious problem is 
that most universities, within and outside the United States, still 
lack policies for deciding how the commercial benefits of 
invention should be divided internally among the interested 
parties; one obstacle is that the financial interests of the faculty 
are in many cases already too deeply entrenched. The danger now 
is that the commercialization of academic work will be reinforced 
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— and that the benefits will be spread throughout the university 
system more or less at random, according to the chance that some 
discoveries will be patentable and others not. 

Although in the short run some universities may benefit, all 
must know that precarious income from patents is no basis for 
running a university system. Worse, they must also fear that the 
further they go along the money-making path, the harder it will be 
for all of them to stick to their proper tasks of teaching and 
scholarship. And while it may be pleasing to be able to 
demonstrate to governments that universities can turn their hands 
to business when they are pushed, that proposition conceals a 
trap. For the universities have always contributed to socially and 
commercially valuable innovations. If they now accept the notion 
that they can do so effectively only when they are rewarded, their 
place in public esteem will be diminished. 


Polytechnics in passing 


Once upon a time, when there seemed no limit to the growing 
demand for higher education in the United Kingdom, the late Mr 
Antony Crosland, in his capacity of Secretary of State for 
Education and Science, wove a marvellous spell. In a speech at 
Woolwich fifteen years ago, Mr Crosland brought into being an 
entirely novel system of higher education, which he called the 
“binary”? system. One half consisted of the traditional 
universities. The spearhead of the other half was to be 26 
technical colleges, which were redesignated as ‘‘polytechnics’’, 
urged to provide degree courses for their students (which many 
already did) but to concentrate on practical things such as 
engineering, technology, business — the “world of work” as it 
has since been called. In a curious way, Mr Crosland’s magic 
wand marked the beginning of the universities’ fall from grace. If 
the “other” half was to be the provider of practical higher 
education, how could the universities fail to be thought effete? 
But now it is the polytechnics’ turn to take a tumble. 

After two years of blustering, the British government has now 
issued a discussion document that will spread gloom and 
despondency in the polytechnics — and among the local 
authorities which are their titular sponsors (Higher education in 
England outside the universities: policy, funding and 
management; Department of Education and Science). The 
government’s supporters, if they have the time to read such a 
specialized document, may also take fright. For the government 
now seeks to set up some kind of central body to supervise 
working of ‘higher education outside the universities”. The local 
authorities know they have no ground on which to stand — the 
cheques they write each month to pay the salaries of teachers in 
polytechnics are immediately discounted by the central 
government. Worse still, there is a suspicion that the local 
authorities which happen to be the channels of the central 
government’s cash flow towards the polytechnics (now grown in 
number to 29) would put higher education high among their 
priorities. There are cheaper ways of catching votes and, in any 
case, local authorities are probably as disappointed as the rest of 
the United Kingdom that the performance of the polytechnics has 
been so disappointing. Those which have chosen not to ape the 
universities have all too trendily destroyed their claims to 
intellectual respectability. There are some exceptions. 

The government’s solution, modestly called ‘“Model B” in the 
discussion document, is that the polytechnics (and the rest of non- 
university higher education) should be controlled by a body 
analogous to the University Grants Committee. The local 
authorities have lamely countered with what is called “Model A” 
— a scheme in which their representatives will call the shots. 
Everybody knows how the consultation will be resolved. The 
government’s supporters (if they had the time) would be horrified 
to learn that the crucial argument is the case (spelled out) that 
central planning of higher education is not merely necessary but 
possible. For some time yet, it will be forgotten that the most 
immediate need is to bring the two halves of the binary system into 
some kind of coordination. 
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Stanford ready to fight for patent 


No challenge 
as yet 
in sight 


Washington 

Officials at Stanford University’s Office 
of Technology Licensing are bracing them- 
selves to meet possible challenges to the 
patent on the set of basic genetic engin- 
eering techniques, used to replicate foreign 
genes in microorganisms, which was 
offered for licensing last week. 

The patent was awarded last December 
covering the results of research by Dr 
Stanley Cohen, of Stanford Medical 
School’s departments of medicine and 
genetics, and Dr Herbert Boyer of the 
University of California at San Francisco. 
Stanford is confident that it can success- 
fully resist any challenge, if necessary in 
court; but patent attorneys in several large 
companies are already poring closely over 
the scientific literature in case they decide 
to question the basis on which the patent 
was awarded. 

The key question is whether these 
companies are prepared to accept the terms 
of the Stanford licence. The university is 
asking for an initial non-exclusive licence 
fee of $10,000 and an annual fee of the 
same amount for the use of the techniques 
in research. (University scientists will be 
exempt.) Royalties on product sales will 
vary from 1 per cent for the first $5 million, 
to'0.5 per cent for sales over $10 million. 

Before deciding on these terms, which 
are relatively low for patent agreements 
although these usually offer exclusive 
licensing rights, the university had 
consulted several companies — including 
Eli Lilly, Upjohn, Smith-Kline, Schering- 
Pough, Du Pont and Monsanto — to gauge 
their reaction to early drafts. 

Several have already indicated that they 
are prepared to accept Stanford’s terms. 
Dr Peter Farley, for example, president of 
the Berkeley-based Cetus Corporation, 
said last week he thought the terms were 
“very reasonable’ and that he expected his 
company to accept them. Similarly 
Genentech, of which Dr Boyer is a co- 
founder, has also indicated that it is likely 
to agree to the terms. 

Other companies, however, are refusing 
to commit themselves — at least in public 
— until they have studied the implications 
of the licensing agreement more closely. 
Patent attorneys for several large pharma- 
ceutical companies said last week that it 
was too soon to comment on the actions 
they may take. 

Privately there are rumours that at least 
one company may decide to challenge the 
patent in court. But company officials list a 


number of factors they will have to take 
into account. 

One is the public impact of a major court 
case that could rekindle debate on the 
ethics and safety of genetic engineering. 
There is also uncertainty over how much 
sympathy there would be for a company 
which appeared to be preventing the two 
universities profiting from discoveries 
made in their laboratories. (Both Drs 
Cohen and Boyer have assigned any 
personal interest in the royalties to their 
support teaching and research.) 

Against this there is the argument put 
forward by the president of one small 
company that, since royalty payments will 
push up product costs — even if only 
marginally — the taxpayer wil be paying 
twice for the same research. 

The principal determinant of whether a 
challenge is filed, however, is likely to be 
the cost. Each company must calculate 
whether the amount of money it could save 
by not paying Stanford the licence fee and 
royalties would exceed the amount 
required to challenge the patent 
successfully. 

According to patent attorneys, any such 
challenge could take one of two principal 
forms. A company (or group of 
companies) could seek a court ruling that 
the patent had been improperly granted. 
Or — perhaps more likely — a company 
could continue to use the recombinant 
DNA techniques without a licence from 


Stanford, waiting for the university to sue 
for the infringement of patent rights. 

In either case there are two likely ways in 
which the Patent Office’s decision to issue 
the patent might be challenged. The first 
would be to claim that the research results 
described in the patent were not “novel”? 
since they were already being used by other 
scientists, and should therefore be 
considered part of the so-called. "prior 
art’’. Alternatively, they could argue that 
the applicants had failed to show that the 
particular combination of techniques 
which they describe for the replication and 
expression of exogenous genes in micro- 
organisms met the legal criterion of being 
“non-obvious”. 

Having granted the patent, the patent 
examiner responsible must have been con- 
vinced that the process described met both 
of these criteria. However, such a judge- 
ment is based largely on the material 
presented to the Patent Office to support 
the claim, which was filed by the two 
universities on behalf of Drs Cohen and 
Boyer. 

A challenge on these grounds would not 
be a surprise. But officials at Stanford are 
confident that, although many scientists 
were involved in the discoveries and 
developments that laid the basic ground- 
work, they can demonstrate that scientific 
collaboration between Cohen and Boyer 
was sufficiently crucial to justify the claims 
to the patent. David Dickson 


Antecedents of Cohen-Boyer patent 


The text of the Boyer—-Cohen patent is a 
nice bibliography of the early history of 
genetic manipulation between 1972 and 
1974. The patent, granted on 2 December 
1980, was filed on 4 January 1980 and 
partly replaces three previous patent 
applications filed in 1974, 1976 and 1978. 

The abstract of the patent says that 
“method and composition are provided 
for the replication of exogenous genes in 
microorganisms’’, and refers to the use of 
either plasmid or virus DNA as replicating 
elements into which foreign genes can be 
deliberately inserted for later replication 
and expression. ‘““The method provides a 
convenient and efficient way of 
introducing genetic capability into 
microorganisms for the production of 
nucleic acids and proteins, such as 
medically or commercially important 
enzymes’’, and the abstract goes on to list 
possible applications in the production of 
drugs, the fixation of nitrogen, 
fermentation, the ‘‘utilisation of specific 
feedstocks, and the like”. 

The patent says that the process now 
protected includes the three steps in the 
preparation of recombinant plasmids, 
their use for the transformation of bacteria 
and the replication and transcription of the 
recombinant plasmids in transformed 


bacteria. In its description of the “prior 
art” the patent lists a series of papers in 
Proc. natn, Acad. Sci, U.S.A. including 
those by Cohen et al (69, 2110; 1972), 
Cohen et al. (70, 1293; 1973), Cohen ef al. 
(70, 3240; 1973); Cohen et al. (T1, 1030; 
1974), Morrow et al. (71, 1743; 1974) and 
Jackson et al, (69, 2904; 1972). In addition, 
the patent cites the paper by Novick in 
Bact. Rev. (33, 210; 1969). 

On the preparation of recombinant 
plasmids, the patent points to the need for 
preserving the site of replication and to the 
convenience of some ‘‘phenotypical 
property” that will aid the selection of 
transformants. Bacteria are mentioned 
simply as the most convenient of 
unicellular organisms with which to work, 
while usable plasmids are said to range in 
molecular weight from 1 to 50 million 
daltons. The plasmid pSC101 (developed 
in 1972 by Cohen ef al.) is mentioned as a 
convenient plasmid for cloning purposes, 
while the techniques of cleaving plasmid 
DNA and its subsequent ligation to other 
pieces of DNA are also described. 

Acknowledging that some recombinant 
plasmids can arise naturally, the patent 
says that the techniques covered make 
possible the construction of artificial 
recombinants, including those between 
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bacteria ‘‘which do not exchange 
information naturally’? and between 
bacteria and eukaryotic organisms “which 
cannot naturally occur”. 

The patent says that the techniques can 
be used with genes to form other bacterial 
cells, mammalian cells, plant cells and so 
on. The cloning of multiple genes is 
mentioned and the production of multiple 
copies of peptide hormones said to be of 
especial importance in the cases of 
parathyroid hormone, growth hormone, 
gonadotropin, insulin, ACTH, soma- 
tostatin and prolactin. Other useful 
products of genetic manipulation listed 





Europe waits to see 


European pharmaceutical companies 
have reacted cautiously to the 
announcement by Stanford University 
that licences on the Boyer—Cohen patent 
are now for sale. But many of them are 
huddled with their patent lawyers. 

Under the terms of US patent law, 
companies outside the United States will 
be obliged to apply for licences only if 
they intend to market within the United 
States products made with techniques 
covered by the patent. Because most 
European companies are anxious not to 
foreclose future markets, however, they 
face the same dilemma as US companies 
in deciding whether to pay the licence fee 
and subsequent royalties. 

Most companies this week were un- 
willing to guess what they may in the end 
decide to do, although it seems that some 
of them have already been consulted 
(through their American subsidiaries) by 
Stanford. Some point out that Stanford’s 
advertised terms are reasonable, but also 
say that the university has been well 
advised in fixing a low fee and royalty rate 
for a non-exclusive licence to exploit a 
patent as general as Boyer~Cohen. 
Larger proprietary costs will accrue, they 
say, when the time comes to buy an 
exclusive licence to use a more specialized 
technique from one of the companies set 
up in the past few years to carry out 
research and development in genetic 
engineering. 

Some legal anomalies stand out. Will, 
for example, a European manufacturer 
that seeks to market in the United States a 
product made by a process developed by a 
non-American genetic engineering 
company itself be required to pay a 
royalty, or will the legal obligation fall on 
the company that carried out the research 
and development? 

In the circumstances, three options are 
being considered: to ignore the licence 
and face Stanford when products are 
placed on the US market; to challenge the 
patent; or simply to pay up. European 
companies, however, are unlikely to 
initiate direct challenges, preferring to 
wait and see what happens in the United 
States. Judy Redfearn 
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include serum proteins, ferritin, 
myoglobin, interferin (sic), kinins and 
transcortin. 

While illustrating the claims made with 
specific examples, the patent says that “‘it is 
obvious that certain changes and 
modifications may be practised” within its 
scope. Among the specific claims are for 
the ligation both of blunt-ended and 
‘staggered’? DNA molecules, to form 
recombinant plasmids. 

On the face of things, the patent would 
seem not to cover the use of vehicles other 
than plasmids for the cloning of DNA, so 
that techniques of genetic manipulation 
involving the use of animal virus grown on 
susceptible cells in tissue culture would 
seem not to be protected. Nor is the 
development of cloning vectors able to 
switch between eukaryotic and prokaryotic 
cells. Yeasts are, however, mentioned, 

The patent makes no claim to protection 
for organisms or plasmids with particular 
properties, presumably because it was not 
known whether organisms could be 
patented until the Supreme Court decided 
earlier this year in favour of a patent 
application on behalf of Dr A.M. 
Chakrabarty by the General Electric 
Company for a strain of Pseudomonas 
designed for digesting oil spills. Stanford is 
apparently waiting to hear whether its 
applications for protection for specific 
bacterial cloning strains will be successful. 


Soviet biotechnology 


Further resolve 


Soviet progress in biotechnology is being 
hampered by shortages of reagents and 
apparatus, and delays in the construction 
of new facilities. Experiments are limited in 
scale, and too little is being done to 
implement theoretical results. 

This is the tenor of last month’s reso- 
lution of the Central Committee of the 
Party and the Council of Ministers on the 
further development of biotechnology. 
The official Soviet commitment to bio- 
technology began suddenly in May 1974 
with a similar resolution, which in effect 
gave biotechnology priority status and 
funding from then rather than from the 
Start of the succeeding five-year plan. 

Reviewing progress in the past seven 
years, the Central Committee and Council 
of Ministers last month noted that the 1974 
resolution had introduced ‘‘radical 
changes’? in the biological sciences, 
especially in molecular biology, bio- 
organic chemistry, molecular genetics and 
immunology. Research cadres had been 
trained within a very short time, and in 
several fields Soviet scientists had attained 
a “leading position in world science”. 
Despite high hopes, a flourishing biotech- 
nology industry had not materialized. 

The resolution suggests, however, that 
this is not simply because of the difficulty of 
turning research results into practice. The 
resolution charges the Academy of 
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Sciences, the State Committee for Science 
and Technology, the State Planning Com- 
mittee (Gosplan) and the governments of 
the union republics with the task of 
ensuring the conditions for these results to 
be introduced in agriculture, medicine and 
industry. But it also calls for intensified 
fundamental research both directly within 
the framework of the Academy of 
Sciences, and the ministries. 

The State Committee for Science and 
Technology, the Academy of Sciences and 
Gosplan are to adopt a special target- 
orientated research programme in bio- 
technology, which will be coordinated by 
the State Committee's special council on 
biotechnology and the academy. 

The supply problem remains. The 
resolution merely says that means of 
ensuring supplies of equipment, reagents, 
“biochemical preparations”, computer 
technology and an information base in 
biology and biotechnology have been 
“‘noted’’, but makes no suggestion of what 
form these measures are to take. Vera Rich 


US air pollution 
Reagan retreats 


Washington 

Unexpectedly strong opposition has 
forced the Reagan Administration to 
retreat from plans to seek sweeping 
changes in US air pollution legislation. 
Initially Mr Reagan had announced his 
intention to demand a substantial 
weakening of the Clean Air Act when it 
comes up for renewal by Congress next 
month; but following objections not only 
from environmentalist groups and Demo- 
cratic congressmen, but also from several 
leading members of the Republican- 
dominated Senate, the Administration said 
last week that it was looking for more 
modest amendments. 

One of the most significant shifts in the 
Administration’s position has been its 
decision to continue to use health stan- 
dards and ‘‘sound scientific data’’, rather 
than economic costs, as the basic principle 
for determining how air pollution should 
be regulated. Mr Reagan’s budget director, 
Mr David Stockman, as well as members of 
his Council of Economic Advisors and 
outside industrial groups, had strongly 
urged that cost-benefit techniques be 
added to the statutory requirements of the 
Clean Air Act, first passed by Congress in 
1970. 

However, Mrs Anne M. Gorsuch, the 
new administrator of the Environmental 
Agency, announced last week that the 
Administration did not intend to go far 
down this particular path. Listing the basic 
principles to be followed in developing 
legislation to extend the act, she said that 
“cost-benefit analysis should not be 
included as statutory criteria in setting 
these standards”, but that standards 
‘should be based on sound scientific data 
demonstrating where air quality represents 
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real health risks”. 

Both supporters and critics of the 
Administration agree that the concept of 
“real health risks’? will now become the 
central focus of debate over new 
regulations — and that the decision may 
reflect recent rulings by the US Supreme 
Court which, while denying that cost- 
benefit calculations need be used in setting 
standards, have also emphasized the legal 
importance of scientific or epidemiological 
evidence of existing levels of risks. 

Several of the principals announced by 
Mrs Gorsuch have pleased industry. For 
example, emission restrictions for nitrous 
oxides on new cars wil be eased. Under 
present legislation, all cars produced from 
this year onwards are allowed to produce 
only one gramme of nitrous oxide for every 
mile travelled. The Environmental Protec- 
tion Agency intends to raise this limit to 
two grammes, the level at which it stood 
between 1977 and 1980 and a move which it 
is claimed could save $100 on the price of a 
family car. 

There will also be a relaxation in a par- 
ticularly controversial section of the 
present legislation aimed at preventing the 
“significant deterioration” of air quality, 
even in areas where present levels of 
pollution are relatively low. This provision 
stems from a legal interpretation of the 
1970 Act following court cases brought up 
by several large environmental groups; it 
hass been bitterly contested by industry on 
the grounds that it restricts the growth of new 
industries outside existing urban areas. 

Mrs Gorsuch said last week that the 
present programme for the prevention of 
significant air quality deterioration 
“should be maintained for the protection 
of park and wilderness areas’’. She said 
that protection in other areas should be 
based on uniform technology requirements 
for pollution control. 

The Environmental Protection Agency 
has also committed itself to asking for 
more funds from Congress for acid rain 
research. This has recently become a major 
source of conflict between the United 
States and Canada, which has accused 
Washington of failing to comply with an 
agreement signed last August to reduce air 
pollution from automobiles and large coal- 
burning facilities. The Administration, 
with the utilities industry, is now arguing 
that considerably more research is required 
before the need for clear action is demon- 
strated, a position which is unlikely to be 
warmly greeted in Ottawa. 

Critics of the Administration’s earlier 
proposals, contained in draft legislation 
leaked to the press by congressional 
Democrats in May, have been given other 
concessions. Senator Robert T. Stafford of 
Vermont, for example, insisted that no 
change should be made to the principle that 
the young, the elderly and other high-risk 
groups should be given an extra margin of 
protection from the effects of polluted air. 
Furthermore, pollution standards will 
continue to be set at the federal level and 







































not, as industrial groups hoping for a more 
sympathetic hearing had asked, by 
individual states. 

The Reagan Administration’s decision 
to limit its proposed changes seems largely 
based on a realization that, unlike the cuts 
in public spending and taxation, there is no 
national consensus on the need for a major 
retreat on environmental protection. 
White House officials are said to have been 
concerned about the impact of recent 
aggressive anti-environmentalist state- 
ments by Interior Secretary James Watt, 
and have asked him to adopt a more con- 
ciliatory attitude. 

But if the battle over the Clean Air Act 
extension is not going to be as fierce as once 
promised, it will still be heated. The 
National Clean Air Coalition claim that 
even the Administration’s more limited 
proposals are a ‘‘blueprint for 
destruction’? of the present laws. Mrs 
Gorsuch says that, even with the suggested 
changes, the quality of the nation’s air will 
improve, but ‘‘at a more reasoned pace”. 
Congressional hearings will begin next 
month. David Dickson 


Science jobs famine 


Bangalore 
Nearly three million scientists in India 
are unemployed and an equal number are 
working in posts requiring much lower 
qualifications, for lower pay than a 
government clerk receives. These were 
among the worrying facts which came to 
light at a recent meeting of the Science 
Advisory Committee of the Union 
Cabinet, headed by Planning 
Commission member and agricultural 
scientist Dr M. S. Swaminathan, and held 
to discuss ways of making the best use of 
the country’s science and technology per- 
sonnel, particularly those unemployed. 

For instance, more than $0 per cent of 
scientists and engineers employed at the 
prestigious Bhabha Atomic Research 
Centre draw a monthly salary of less than 
$75. And nearly 25 per cent of the 
personnel working in government- 
sponsored research and development 
institutions have a monthly pay packet of 
less than $120. However, people working 
in science and technology in the private 
sector are better off, seven per cent of 
them earning $200 a month. 

According to a note circulated to 
members of the committee, unless the 
annual rate of industrial growth rises to 
four per cent there is little prospect of 
speeding up the absorption of 
unemployed science and technology per- 
sonnel into jobs. 

The note further recommends regu- 
lation of intake of such personnel for 
training, more informal education, 
facilities for improving qualifications 
while on the job and greater interaction 
between industrial and academic 
scientists. B. Radhakrishna Rao 








S75 
Industrial noise 


Let them hear 


Britain’s Health and Safety Commission 
is tackling the difficult business of regu- 
lating noise at work. Last week it published 
draft regulations in a consultative 
document intended to pave the way for 
legislation which will place a statutory 
obligation on employers to protect workers 
from noise. A voluntary code of practice, 
drawn up in 1972, is being widely ignored, 
according to the commission. 

Devising effective legislation is, how- 
ever, proving controversial —- noise regu- 
lations are notoriously difficult to enforce 
and statutory levels of noise are fiercely. 
disputed. The consultative document. pro- 
poses limits of no more than 90 decibeis(A) 
— a weighted decibel unit discounting 
inaudible frequencies — averaged over an 
eight-hour day and no more than 600 
pascals of peak sound pressure, But the 
trades unions, in particular, argue that as 
hearing damage can occur at lower levels, 
the daily average limit should be set initially 
at 85 dB(A) and later lowered to 80 dB(A). 

The number of British workers exposed 
to high noise levels is considerable. The 
commission estimates that 50 per cent of 
production workers (about 2.5 million 
people) are exposed to more than 80 dB(A) 
and 10 per cent (500,000 people) to more 
than 90 dB(A). Nobody seems to have 
disputed the effect of noise on hearing 
since the late 1960s. Using the work of 
Burns and Robinson, the commission 
estimates that roughly 32 per cent of people 
exposed to 100 dB(A) over a working 
lifetime will suffer a 50 dB hearing loss by 
the age of 65. 

The commission has settled for the 90 
dB(A) limit on the basis that the hearing of 
21 per cent of workers previously exposed 
to more than 100 dB(A) will be protected. 
Reducing the limit to 80 dB(A) would save 
the hearing of only a further 8 per cent. 
Clearly acknowledging the problems of 
reducing noise, it argues that a 90 dB(A) 
limit will give greater benefit for cost. 

Under the commission’s proposals, 
however, employers would not be freed 
from obligations even at lower noise levels. 
The draft regulations require that they 
reduce any noise likely to damage hearing 
to the ‘‘lowest level reasonably 
practicable’’, which they would have to 
work out for themselves. Employers fear 
that this general but unspecific obligation 
may expose them to civil suits from all 
those who suffer from hearing loss. 

The draft regulations require that at 
noise levels above 90 dB(A) employers 
must survey noise, train staff, keep 
exposure records and appoint a qualified 
noise adviser. Workers exposed to 105 
dB(A) would have to receive regular 
hearing checks. The proposed regulations 
also oblige employees to make full use of 
noise control measures and manufacturers 
to reduce noise levels of industrial 
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machinery to below 84 dB(A) if possible. 
The commission has no estimate of the cost 
of its proposal. 

On this occasion, Britain’s Health and 
Safety Commission seems to be a step 
ahead of the European Commission, 
whose directive is still some way off. But 
the signs are that Europe will go for a limit 
of 85 dB(A). Judy Redfearn 


Bulgarian astrophysics 
Cosmic celebrations 


The ‘‘Interkosmos-Bulgaria-1300’’ 
satellite, Bulgaria’s cosmic celebration of 
1,300 years of statchood, was launched last 
Friday (7 August) to the surprise of the 
Bulgarian public, who had expected it 
would form the climax of the celebrations 
in October. 

The designation of the satellite was 
equally unexpected — although the 
original plan was for a single celebratory 
satellite, analogous to the Polish 
Interkosmos-Kopernik-500 in 1972, it was 
announced earlier this year that there 
would be two satellites, one containing 
Bulgarian experiments only and the other a 
mixed Soviet and Bulgarian payload. 
However, only in the Moscow radio 
coverage of last Friday’s launch was it 
made clear that the mixed payload was 
already in orbit — aboard the Priroda- 
Meteor satellite launched on 10 July. 

In the Bulgarian celebrations, the timing 
has proved unfortunate, since the head of 
the jubilee committee, Lyudmila Zhivkova 
(the daughter of First Secretary Todor 
Zhivkov) died suddenly on 20 July. 

Scientifically, however, the satellite is 
operating well, and has done much to 
offset Bulgarian disappointment that the 
Interkosmos manned programme did not 
allow them a second chance of a 
cosmonaut aboard a Salyut craft. By way 
of consolation, Georgi Ivanov, whose 
Soyuz transporter failed to achieve a link- 
up with Salyut, was invited to attend the 
launch and spoke warmly of Soviet- 
Bulgarian cooperation. 

‘Although the experiments on the satellite 
(a modified ‘‘Meteor’’ meteorological 
probe) are said to have been produced 
‘with the assistance of Soviet scientists’’, 
the twelve experiments comprising the 
350-kg payload are of Bulgarian design, 
and concentrate on those branches of space 
physics of particular interest to the 
Bulgarian space team, including plasma, 
high energy charged particle studies, 
atmospheric luminescence and magneto- 
sphere studies. According to Dr Kiril 
Serafimov, chairman of the Bulgarian 
Space Research Council, a special study 
will be made of ionosphere troughs and 
equatorial anomalies in the magneto- 
sphere, which it is hoped will provide 
valuable data for such applied fields as 
radio-wave propagation, the mechanism of 
rare meteorological anomalies and the 
radiation balance of the Earth. Vera Rich 
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Carcinogenicity testing 


Well, yes and no 


Washington 

Semantic juggling has allowed US health 
officials to escape the embarrassment of 
discovering two reports on the widely-used 
chemical dimethyl terephthalate (DMT) 
which are virtually identical but contain 
directly conflicting conclusions about its 
carcinogenicity. 

Re-examination of the test data has 
raised a dilemma for scientists with the 
Department of Health and Human 
Services’ National Toxicology Program 
(NTP) that is frequently faced by regu- 
latory agencies: how to present policy- 
makers with the results of ambiguous 
animal tests. 

The solution proposed by NTP’s peer 
review committee is to describe data on 
increased cancer rates in male mice as being 
“statistically significant’? but ‘‘biologic- 
ally equivocal’’. 

DMT is widely used to provide flexibility 
in plastic products from food wrapping to 
bottles. The source of the confusion is a 
technical report on its potential 
carcinogenicity prepared in the 1970s for 
the now-defunct Clearinghouse on 
Environmental Carcinogens of the 
National Cancer Institute (NCI). 

The tests were carried out by a private 
contractor, Hazleton Laboratories. They 
revealed no evidence of increased cancer 
rates among male and female rats, or 
among female mice exposed to low or high 
doses of DMT. However, a 27 per cent 
incidence of lung tumours was found 
among male mice receiving the high doses, 
considerably higher than the 4 per cent 
incidence in a group of matched controls. 
On the basis of these data, which were 
approved by an NCI peer review group, a 
report was published describing DMT as a 
carcinogen in male mice. 

Soon afterwards, however, the report 
was challenged by scientists working with 
Hercules Incorporated, a major manu- 
facturer of DMT. They claimed that the 
relatively low incidence of lung tumours 
among the matched controls was out of line 
with results from other control groups. 
NCI scientists reassessed the Hazleton 
data, this time using for comparison not 
the matched control group, but pooled 
results from three other control groups 
associated with different experiments 
which had spent overlapping periods of 
time in the same room. The latter groups 
revealed a lung tumour incidence of 
between 10 and 18 per cent over a two-year 
period, much closer to the 27 per cent of the 
exposed group. 

A revised version of the technical report 
was subsequently issued through the 
National Technical Information Service 
(this time without peer review) which stated in 
the summary that the new data indicated that 
DMT was not a carcinogen. 

Several research libraries, however, still 


have copies of the first version on their 
shelves. And the apparent discrepancy 
between the two reports was brought to the 
attention of NTP, which has taken on the 
responsibilities of the NCI clearinghouse, 
three months ago. 

Re-examination of the data revealed that 
the tests appeared to have been properly 
conducted, even though the incidence of 
tumours in the matched controls seemed 
inordinately low. ‘“We view the incidences 
of total lung tumours in the matched male 
controls with some suspicion’’ reported Dr 
John Moore, deputy director of NTP. 

A report on the NTP staff review was 
brought before the peer review panel of the 
programme’s board of scientific 
counsellors last month. Discussion soon 
focused on whether, in revising the original 
report, the NCI staff had been correct in 
ignoring the matched control data and 


[One more journal | 


A new scientific journal is to be 
launched at the beginning of 1982 by the 
European Molecular Biology 
Organisation (EMBO). One of the 
objectives of The EMBO Journal is to 
redress the balance between Europe and 
the United States where, it is argued, the 
predominant and preeminent position 
won by American journals in the publi- 
cation of molecular biology has put 
European molecular biologists at a dis- 
advantage. 

The new journal, which has been in the 
air for the past three years, was finally 
agreed after a ballot of the 500 members 
of the organization held in January. The. 
journal will resemble Proceedings of the! 
National Academy of Sciences of the: 
United States of America in that it will] 
publish papers communicated by any of 
its members, each of whom will be 
rationed to a maximurn of five papers a 
year by non-members of the 
organization. 

A statement by the publishers of the 
new journal, IRL Press Limited of 
Oxford, England, says that EMBO 
members will be expected to take 
responsibility for the ‘‘scientific 








standard’’ of the papers they 
communicate. One of the obvious 
difficulties will stem from the 





heterogeneity of the membership, which 
is elected, and the differing interpretation 
of what molecular biology consists of in 
various European countries. 

The editor of The EMBO Journal will 
be Dr John Tooze, executive secretary of 
EMBO and also, at present, the editor of 
Trends in Biochemical Sciences. One 
feature of the new journal is said to be 
speed of publication — the publishers 
have undertaken to print manuscripts 
accepted by the editor within twelve 
weeks of their receipt. A pilot issue of the 
journal is to be made available in 
September. 
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basing their reassessment on the three other 
control groups; or whether all four groups 
should have been pooled into a single set of 
controls. 

Various members of the committee ex- 
pressed unease with the statistician’s 
technique of ignoring so-called “outsider” 
data points which did not appear consistent 
with the other data being evaluated — but 
which, according to the biologists, there 
might be no particularly good scientific 
reason to disregard. 

Members of the NTP peer review com- 
mittee agreed to recommend the aggregate 
data as the basis of the evaluation about 
carcinogenicity. But it left the problem of 
deciding how to describe evidence that was 
in Dr Moore’s words, ‘‘something between 
equivocal and positive’’. 

The proposed solution was an appendix 
to the second version of the technical 
report, which will give details of the new 
analysis and point out that, statistically, 
the raised incidence of lung tumours in 
mice exposed to DMT is ‘‘highly signifi- 
cant’. But the appendix will add that the 
results are also biologically equivocal — in 
other words the data do not provide clear 
evidence on whether DMT is a carcinogen. 

The next step rests with the Food and 
Drug Administration’s Bureau of Foods. 
Previously the bureau’s cancer assessment 
committee had decided, on the strength of 
the NCI report, that no action was needed 
against DMT. With the new interpretation 
from NTP, the committee will have to 
reassess its position. 

Meanwhile the NTP’s board of scientific 
counsellors is meeting soon to discuss 
whether a more rigorous system of classi- 
fication, possibly based on procedures 
developed by the International Agency for 
Research on Cancer in France, should be 
adopted in the United States. The DMT 
episode will encourage their efforts in this 
direction. David Dickson 


Alternative energy 


Enter the Nibe 


Brussels 

By 1995, about 15 per cent of Denmark’s 
electricity requirements will be met by wind 
power — if the Danish Ministry of Envir- 
onment goes through with its plan to plant 
3,000 windmills across the country. The 
plan is being seriously considered and has 
now been passed to the relevant regional 
and local authorities for their views. 

Denmark is more dependent on impor- 
ted energy than most other industrialized 
countries, having to provide 95 per cent of 
primary energy from outside sources. The 
only domestic form of primary energy is 
natural gas under the North Sea, and this 
will not start flowing until 1984. So 
research into renewable energy sources has 
been given high priority. 

Even before the last government plan, a 
1979 law provided government subsidies of 
up to 30 per cent of the cost of small 
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domestic windmills. These have to be of an 
approved type, and the electricity utility 
companies are prepared to buy any surplus 
electricity from the owner. 

The new plan is altogether more 
ambitious. The 630 kW three-blade rotor 
milis, called Nibe wind turbines, were 
developed under the 1977-80 wind energy 
research programme which cost Dkr 39 
million ($7.2 million). The Nibe windmills 
are raised on a 41-metre concrete tower and 
the span across the turbine blades is about 
40 metres. The mills will operate in wind 
speeds of between 21 and 90 kilometres per 
hour. The research programme has 
evidently ironed out most of the major 
technical problems, leaving the economic 
and environmental issues to be debated. 

Denmark is a small, densely populated 
country, so the choice of suitable sites is 
severely limited. The windmills cannot be 
placed in areas where they would interfere 
with recreational, agricultural or other 
economic interests. If it were possible to 
find coastal sites for all 3,000 mills, 
electricity production would be 25 per cent 
greater than if they were all inland. 

Somewhat surprisingly, there is evidence 
to show a relationship between electricity 
demand and high winds in Denmark. 
Apparently heating requirements are 
greater the stronger the wind blows and, 
conveniently, this would be countered by 
more power from the windmills. 

But before the windmill ideas take off, it 
will be necessary to bring down the unit 
cost of construction — or the other sources 
of electricity will have become prohibi- 
tively expensive, Present cost of wind- 
generated electricity is $2,000 per kW of 
installed power. 

As with nuclear power stations, how- 
ever, there may be objections from local 
residents. Anyone living near one of these 
Nibe wind turbines would have to put up 
with noise, interference with radio and 
television, and landscape eyesores. But 
Danish public opinion is likely to favour 
wind power and Denmark seems likely to 
be the first country to launch a major 
commercial wind power programme. 

Jasper Becker 




















































India in space 


Apple limps on 


New Dethi 

Although still operating on power from 
only one if its two solar panels, India’s 
“Apple” experimental tele- 
communications satellite has now been 
successfully placed into geostationary orbit 
36,000 kilometres above Sumatra in 
Indonesia. Apple’s solid-fuelled apogee 
boost motor was fired on 22 June to 
achieve near-geosynchronous orbit but one 
of the solar panels failed to respond to... 
radio commands and did not open. Despite © 
this the satellite was stabilized and two.” 
other major manoeuvres were performed 
to correct an eastward drift and increase — 
the orbital height. On 16 July Apple 
reached its intended orbit, with its antenna: 
pointing towards Nagpur in central India. 

The experiments in telecommunications 
techniques began on 22 July, and the bulk 
of the programme should be completed in 
spite of the reduction in the satellite’s 
useful life from two years to one and the 
160 watts of power available instead of the 
planned 280 watts. After the earlier 
anxiety, scientists at Apple Mission 
Control Centre in Sriharikota are buoyant 
at having manoeuvred the spacecraft 
successfully. 

Good news was long overdue for the 
Indian space programme, for only 9 days 
after its launch aboard India’s own SLV-3 
launcher on 31 May, the remote sensing 
satellite Rohini H bad burned up in the 
atmosphere — far short of its expected 
lifetime of 90 days. Rohini I was also ill- 
fated, crashing into the Bay of Bengal in 
August 1980 only a few days after launch. 

Meanwhile, provided it is still 
functioning, Apple is to be used to 
broadcast nationwide an address from 
Prime Minister Indira Gandhi on 
Independence Day, 15 August. Only a few 
metropolitan centres will be able to pick up 
signals, but it marks a beginning to the plan 
to bring communications up to date 
throughout the Indian subcontinent. 

Sunil Saraf 





Saturn seen by Voyager 2 as the space- 
craft approaches its encounter with the 
planet on 26 August, en route to Uranus 
(1986) and Neptune (1989). In the light of 
the results of the Voyager 1 encounter last 
November, the experimental programme 
of Voyager 2 has been considerably 
revised. Next week’s Nature is a special 
Saturn issue containing new results from 
Voyager 1 and a description of the 
Voyager 2 mission by Dr Edward Stone, 
the Voyager mission’s director. 

The issue will also contain the usual 
features, including a report on the total 
synthesis of an interferon gene. 
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Scientists in the Soviet Union 


Sir — News of oppression crosses my desk 
daily. It is so commonplace that after a while 
its impact is almost lost. Like physicians who 
must become hardened to deal daily with 
death, human rights workers become 
somewhat inured to a daily fare of suffering. 
Nothing breaks down this shell more quickly 
than a visit to the victims of oppression. 

As executive director of the Committee of 
Concerned Scientists, | went to the Soviet 
Union recently to investigate at first hand the 
trying circumstances confronting refusnik and 
dissident scientists. I found that the familiar 
litany of persecutions continues unabated. 
Most scientists who apply for emigration or 
speak out in defence of human rights are 
dismissed from their jobs. The regime then 
does its utmost to ensure their intellectual 
death by isolating them from their colleagues. 
In their personal lives too these individuals are 
plagued by countless harassments. Their 
homes are searched, their telephones 
disconnected, their mail intercepted. Scientists 
who apply to emigrate are routinely refused 
exit visas on spurious grounds, Anti-semitism 
is rife in all phases of academic life from 
admission to universities, to conferral of 
degrees, to obtaining employment. Those who 
have fallen from grace are frequently 
threatened with:prosecution on criminal 
charges. Some are tried and sentenced to 
prison, labour camp and internal exile. These 
violations of human rights and scientific 
freedom are not new developments. 
Regrettably we have been hearing about them 
for some time. 

I had learned much about this. bleak 
situation during my four years with the 
Committee of Concerned Scientists. But I was 
not prepared for reports of the latest acts of 
persecution. Harassment has assumed new 
forms. Even prisoners are subjected to 
additional vengeful punishment. The health 
and very lives of prisoners of conscience Sergei 
Kovalev, Yuri Orlov and Anatoly Shcharansky 
are in grave jeopardy. Lengthy periods of 
solitary confinement, reduced rations and 
inadequate medical attention have taken their 
toll. 

Other ominous trends in the treatment of 
refusniks and dissidents emerged from my 
discussions with leaders of these communities. 
First and most distressing is the wave of trials 
of scientists. Never before have so many 
activist scientists been threatened with lengthy 
sentences at one time. In Kiev Vladimir Kislik 
was sentenced to three years in a labour camp. 
Several years ago authorities had sought to 
imprison him for ‘compromising secrets” in 
an article published in an international 
journal. Yet this research had been officially 
cleared for publication some five years earlier. 
When confronted with a flood of protests 
from Kislik’s Western colleagues pointing to 
the absurdity of this charge, the authorities 
backed off. In June, however, they achieved 
their goal through a contrived criminal charge. 
Computer scientist Viktor Brailovsky, a leader 
of the Moscow Sunday Scientific Seminar 
since its inception nine years ago, has been 
sentenced to five years of interna: exile for 
advocating the right to emigrate, deemed 
defamatory to the Soviet state. In Leningrad, 


refusnik mathematician Yevgeny Lein will also 
soon face trial. Interestingly, Kislik, 
Brailovsky and Lein all played key roles in 
organizing seminars designed to maintain the 
scientific skills of refusnik scientists. 

The attempt by the Soviet authorities to 
close down these unofficial seminars is another 
cause for alarm. While seminars in provincial 
cities, such as Kiev and Vilnius, were 
squelched, those in Moscow and Leningrad 
had operated over a period of years with 
relatively little interference until recently. The 
Moscow Sunday Seminar, which had been 
blocked in the wake of Viktor Brailovsky’s 
arrest in November, was able to resume 
regular Sunday sessions unmolested in early 
February. But this respite was short-lived; the 
authorities have shut it down three times since 
the end of April. On one Sunday during my 
visit at the end of May, the KGB barred the 
way to three different apartments making it 
impossible for a session to take place. Also in 
Moscow Alexander Lerner’s seminar on 
mathematical biology, which recently held its 
200th session, was blocked twice in April and 
May. In mid-May the seminars went into 
official recess for the summer. Our Soviet 
colleagues anxiously await the official 
reaction when they attempt to resume their 


meetings in the fall. 

Still another cause for concern is the use of 
academics as an instrument for persecution. 
Many scientists are now refused exit permits 
not because of allegations (usually unfounded) 
that they know state secrets, but simply 
because they are well educated. In fact the 
head of the administration department of the 
Communist Party’s Central Committee 
bluntly told scientists that they are being 
detained ‘‘because you have degrees’’. At the 
same time the authorities are punishing 
scientists by abrogating their advanced 
degrees. Indeed three refusnik scientists told 
me their degrees had been revoked for 
‘unpatriotic behaviour,” that is, exercising 
their legal right in applying to emigrate. 

While the situation of refusnik and dissident 
scientists has deteriorated alarmingly over the 
past year, this course is reversible. We can 
have an impact. Witness the return of 
Benjamin Levich, Mark Azbel, Valentin 
Turchin and others to productive scientific life 
due to the untiring efforts of Western 
scholars. We cannot afford to become 
hardened to the plight of oppressed colleagues 
who have much to contribute to a vital 
international science. 

Dorotuy HIRSCH 
Executive Director, 
Committee of Concerned Scientists, 
New York, USA 





An Irish question 


Sir — In your editorial of 25 June 1981 
(p.601), you quite rightly in my view criticized 
the Science and Engineering Research Council 
(SERC) for turning down the proposal “that 
there should in future be an exchange of 
graduate students between the the United 


‘Kingdom and the Irish Republic on the modest 


scale of a dozen or so a year”, You may not 
be aware that the Department of Education 
(N. Ireland) awards postgraduate studentships 
to good graduates who have normally been 
resident in N. Ireland for at least 3 years 
immediately preceding the start of the 
proposed period of study. One type of 
research studentship, the so-called XNI 
award, is tenable at institutions in Great 
Britain or the Republic of Ireland or 
exceptionally, outside the British Isles. This 
arrangement, which I believe has existed for 
many years, meets the points you make about 
student exchange in respect of graduates from 
N. Ireland. Unfortunately, there is no 
reciprocal arrangment in the Irish Republic. 

I have had several enquiries from final-year 
honours students reading biochemistry in the 
Republic who would like to‘have carried out 
postgraduate research in this department. The 
only suggestion I have been able to make is 
that the prospective research students should 
apply to Queen's University for a Visiting 
Studentship of which there are about two per 
annum for the whole world including Great 
Britain. Competition is very keen for these 
studentships and the prospects of success are 
small. Perhaps you should give the Ministry of 
Education in the Irish Republic a nudge in 
addition to the black mark which you awarded 
to SERC. 

D.T. ELMORE 
Queen's University, 
Belfast, UK 


University cuts 


Sir — Union members have expressed 
particular concern over two aspects of the 
leading article “Change wanted” (Nature 11 
June, p.442). 

(1) It seems to accept the principle of cutting 
back on funding of universities, an 
extraordinary position for a journal 
concerned with science and research. 

(2) It does not answer the questions and 
propositions posed by Swinnerton-Dyer but 
suggests the necessary financial savings can be 
made by college managements acting ina 
managerial capacity and shedding staffs from 
all sections except academic. 

With regard to this last point, there is no 
Suggestion as to how teaching laboratories and 
research groups could maintain. their standards 
or volume of work when numbers of 
technicians and other ancillary staff, already 
at a bare minimum in many institutes, are 
reduced even further. 

You cannot fail to be aware that the whole 
question of Swinnerton-Dyer is currently the 
subject of intense discussion not only in the 
university but also between the University of 
London and the trade unions that represent all 
sections of staff. We feel that these discussions 
should continue in a serious way on the basis 
of the evidence submitted in the discussion 
documents and that they should not be 
prejudiced by statements such as yours that 
the “armies of ancillary staff” should be 
chopped by the administrative action of the 
management of the schools. 


M. OsMUNDSON 
C. SCOTT 
L. WALDOCK 


Queen Elizabeth College branches 
of ASTMS, NALGO and NUPE, 
London, UK 
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specific or statistical? 


THE finding that histones are arrayed as 
nucleosomes along a DNA molecule 
immediately raised the question of whether 
the array occurs in a specific relationship, 
or ‘phase’, with respect to the DNA 
sequence!, Were this the case, then 
regulatory molecules might act in a novel 
‘way. For example, a protein responsible 
for setting a specific phase would 
determine which DNA sequences are 
protected by nucleosomes and which 
sequences are exposed in the regions 
between them. An alteration in this protein 
could shift the array of nucleosomes, 
exposing one set of sequences and covering 
up another, A single protein could thus 
control the function of a series of 
regulatory signals on DNA from a 
distance. 7 

This intriguing possibility was 
investigated by comparing the distribution 
of nucleosomes on rat liver chromatin 
containing single-copy DNA with the 
distribution of nucleosomes formed 
essentially at random by reconstitution of 
DNA from the same source?. The two 
distributions proved to be indis- 
tinguishable: no greater specificity with 
respect to sequence was apparent in the 
location of nucleosomes on the rat liver 
chromatin than in their location on the 
reconstituted chromatin. This ruled out a 
specific phase relationship of nucleosomes 
with rat liver DNA sequences. 

An important assumption behind the 
notion of nucleosome phasing was that the 
spacing of nucleosomes was constant along 
a chromatin fibre and an array of 
nucleosomes thus periodic, akin to a linear 
crystal. If, however, there were no regular 
spacing, no long-range order, then a 
specific phase relationship between 
nucleosomes and DNA sequences could 
not persist for any distance along the DNA. 
This assumption was tested by two separate 
experiments which established that the 
spacing of nucleosomes is not constant, but 
variable within a cell?-}. 

Nonetheless, there have been several 
reports indicating that even if nucleosome 
spacing is irregular, it is not random; and 


0028-0836 °8 1 3305 79-0201 00 


The location of nucleosomes in 


chromatin: 


from Roger Kornberg 


some indicating that it is both regular and 
non-random. Most of these experiments 
depend on the use of micrococcal nuclease, 
which cleaves DNA preferentially between 
nucleosomes, and they fall into three 
groups according to the extent of digestion. 
In studies of genes for heat-shock 
proteins and histones in Drosophila 
melanogaster*>, very brief digestion of 
chromatin was followed by extraction of 
the DNA, cleavage with a restriction 
enzyme, gel electrophoresis and Southern 
hybridization with a restriction fragment 
produced by the same enzyme. This 
procedure reveals the length of DNA from 
the restriction site to the various points of 
cleavage in chromatin by micrococcal 
nuclease. Well defined locations of 
nucleosomes will result in a discrete set of 
DNA lengths and thus a pattern of bands, 
whereas random locations are expected to 
give a continuous distribution. Invariably a 
series of bands extending for thousands of 
base pairs was observed. The bands were 
irregularly spaced and those approximately 
130-230 base pairs (bp) apart were 
attributed to defined locations of 
nucleosomes, although this attribution is a 
little problematic because the nucleosome 
core DNA is generally not less than 146 bp 
long. 

In experiments with genes for tRNA in 
chicken embryos*, micrococcal nuclease 
digestion was more extensive, sufficient to 
generate a mixture of nucleosome 
monomers, dimers, trimers, andsoon. The 
mixture was fractionated according to 
numbers of nucleosomes by sedimentation 
in a sucrose gradient, and the location of 
tRNA genes within individual oligomers 
determined by extraction of the DNA and 
cleavage with restriction enzymes, as well 
as by other procedures. Once again, the 
locations of nucleosomes with respect to 
DNA sequence were found to be non- 
random, though only for a distance of 
about five nucleosomes from the tRNA 


gene after which they became indistinct. In 
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this case, the defined locations... were 
regularly spaced, with a periodicity the 
same as that found by micrococcal 
nuclease digestion of bulk chicken embryo” 
chromatin, f 

In a third set of experiments, very 
extensive digestion of chromatin with 
micrococcal nuclease was used to degrade 
all the DNA to H6-bp core fragments; 
which were then mapped with respect to 
specific sequences. A unique location-of. 
nucleosomes in African green monkey 
satellite chromatin’ and aset of alternative © 
locations of nucleesomes on genes for 5S 
rRNA in Xenopus laevis® were found in: : 
this way. 

Additional evidence of both random? 
and non-random!” locations of 
nucleosomes has come from restriction.’ 
enzyme digestion of chromatin and from 
other approaches. We are thus left with a. 
serious conflict that needs to be resolved: 
One view, widely shared? is that ‘phasing’ 
of nucleosomes is a general phenomenon 
of considerable biological interest, despite 
any evidence to the contrary. An 
alternative view is that the two sets of. 
apparently conflicting data may be 
reconciled, for example by the following 
simple picture. 

Nucleosomes are deposited essentially at 
random on DNA, subject to two com- 
straints. First, they are not formed on DNA, 
associated with other proteins, for example 
sequence-specific regulatory molecules. 
such as repressors. and activators, but are 
restricted to the regions of DNA between 
such molecules. Second, nucleosomes 
occupy 166 bp of DNA?!“ and they may 
not overlap one another. The average 
locations of nucleosomes subject to these 
constraints have been determined by 
computation®*, It is only average 
properties that are of interest, because all 
experiments are done on millions of gen- 
omes, Remarkably, although nucleosomes 
are deposited at random, the computations 
show a distribution with a periodicity and 
degree of order similar to that-revealed by 
microceceal nuclease digestion of bulk 
chromatin. Furthermore, near the 
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boundary of a region of nucleosomes, 
specific locations are strongly favoured, 
with regular spacings identical to the 
periodicity of bulk chromatin and with 
probabilities that gradually diminish until 
there is less than a 10 per cent preference 
over neighbouring locations at a distance 
beyond about five nucleosomes from the 
boundary. 

The simple statistical picture can 
account for the evidence for non-random 
locations of nucleosomes on chicken tRNA 
genes, provided that there is a sequence- 
specific protein or structure in the vicinity 
of these genes to form a boundary for a 
region of nucleosomes. The presence of 
regulatory proteins near the 5' end of the 
genes would satisfy this requirement. The 
similarity between the distribution of 
nucleosomes computed on statistical 
grounds and that found in the experiments 
on tRNA genes is striking. Both 
distributions show a regular spacing of 
nucleosomes identical to the periodicity of 
bulk chromatin, and both show defined 
locations over a range of about five 
nucleosomes but not far beyond. Whereas 
these two distributions appear so very 
alike, both differ markedly from that 
reported for heat-shock and histone genes 
in Drosophila, where a pattern of 
irregularly spaced bands extending for 
thousands of base pairs was produced by 
very brief digestion with micrococcal 
nuclease and interpreted in terms of 
specific locations of “nucleosomes. This 
interpretation can be questioned on several 
grounds, the most serious of which 
concerns the preference of micrococcal 
nuclease for cleaving certain DNA 
sequences*>., It has recently been shown 
that striking patterns of bands are 
produced by digestion of naked DNA and 
furthermore, that the patterns resulting 
from digestion of naked DNA and 
chromatin are the same!®?6-29, This 
specificity of digestion poses the greatest 
problem when the period of digestion is 
very brief. It creates a need for additional 
evidence to support the assignment of a 
band pattern to an array of nucleosomes, 
such as the physical demonstration of 
nucleosomes by sedimentation in a sucrose 
gradient. 

A further difficulty is that the 
interpretation in terms of an irregular 
spacing but well defined location of 
nucleosomes leads to a contradiction. 
Irregular spacing can only be explained by 
sequence-specific binding of histones to 
DNA. This implies that the location of 
nucleosomes is the same in all tissues of an 
organism since the DNA sequence remains 
the same. However, the spacing of 
nucleosomes has been shown?! to vary 
between different tissues, so the locations 
of the nucleosomes cannot remain constant 
but must vary as well. 

Although the formation of nucleosomes 
is unlikely to be strongly sequence specific, 
neither is it likely to be completely 
independent of sequence, and the 


assumption of random deposition of 
nucleosomes in the statistical picture can 
only be regarded as an approximation. 
Other proteins that associate with nucleic 
acids in a uniform way, such as the coat 
protein of tobacco mosaic virus, show 
some preference, perhaps by an order of 
magnitude or more, for binding to some 
sequences over others. It would be 
surprising if a similar preference were not 
shown by histones. Indeed, there is clear 
evidence for such sequence preference in 
the distribution of nucleosomes on 
polyoma DNA, and the non-random 
locations of nucleosomes on satellite DNA 
and 5S rRNA genes mentioned above may 
be explained in this way (or by this effect 
combined with that of proteins bound at 
specific sites, which will be frequent in 
these DNA repeat regions). 

Perhaps the most striking example of 
specificity in the location of nucleosomes 
so far discovered is the specific absence of 
nucleosomes from a region of about 400 bp 
encompassing the replication origin and 
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promoters of the SV40 chromosome. The 
DNA in this region appears naked, as 
judged from accessibility to restriction 
enzymes and electron microscopy*?-*’. The 
‘DNase I hypersensitive site’ adjacent to 
the 5° end of many genes undergoing 
transcriptiont38 may represent a similar 
region of naked DNA. The exclusion of 
nucleosomes from these regions is most 
simply explained by the sorts of constraint 
on the location of nucleosomes mentioned 
above. Thus the binding of non-histone 
proteins to any two sequences less than 166 
bp apart will prevent the formation of a 
nucleosome on the entire region between 
them. T antigen is known to bind in the 
vicinity of the replication origin of SV40, 
and other regulatory proteins are doubtless 
bound near the 5’ end of active genes as 
well. 

In all the cases of non-random locations 
of nucleosomes discussed here, the key 
question concerning biological significance 
is the degree of preference over adjacent 
locations. All known regulatory proteins 
bind their cognate DNA sequences with 
affinity many orders of magnitude higher 
than unrelated DNA. The processes that 
would be regulated by mechanisms 
involving nucleosomes surely require at 
least as great precision. The degree of 
specificity that can arise in the statistical 
picture described above is at most an order 
of magnitude and so would seem unlikely 
to have any biological role. It remains to be 
determined whether any greater precision 
is achieved in other examples of non- 
random locations of nucleosomes. 
Unfortunately the methods in use are 
incapable of giving this information. The 
experiments are carried out, for the most 
part, using enzymes that cleave anywhere 
in the region between nucleosomes, and the 
data that result are mostly qualitative, in 
the form of bands in gels, which are visually 
striking even when intensity of only a 
factor of two separates them from the 
background. 

The biological significance of specific 
locations of nucleosomes, if they are 
found, is apparent, but the advantages ofa 
statistical distribution of nucleosomes, 
while not as obvious, are also great. A 
statistical distribution allows the 
packaging of DNA without regard to the 
length or the sequence involved. Were 
there genuine ‘phasing’ of nucleosomes, 
the loss or addition of a single base pair 
could have deleterious effects. A statistical 
distribution, on the other hand, would 
accommodate the extraordinary variations 
of genomes observed in nature. 

Thus there is no convincing evidence for 
ordered arrays of nucleosomes in a fixed 
relation to the DNA sequence over a 
distance of many thousands of base pairs. 
Constraints on a random distribution of 
nucleosomes resulting from the presence of 
other proteins at specific DNA sites may 
impose some short-range order, but the 
degree of this order is unlikely to be 
sufficient for biological specificity. a 
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Stripped for action 


from Peter D. Chantier 


STRIPPING proteins down in order to assess 
the individual functions of their peptide 
subunits has long been a preoccupation of 
biochemists. Hexameric myosin molecules 
are an ideal choice for this practice and an 
investigation of the role of the essential 
light chain in vertebrate skeletal muscle 
myosin was recently reported in Nature by 
Wagner and Giniger (Vol. 292, p.560). 

All muscle myosin molecules contain 
two heavy chains (molecular weight ~ 
2x 105) and two pairs of low-molecular- 
weight light chains (molecular weight ~ 
2x 104 each). One of these pairs comprises 
the DTNB light chains, so called because 
they were first partially dissociated from 
rabbit skeletal myosin using DTNB 
(5,5'- dithiobis [2-nitrobenzoic acid]). 
However, because their removal (in 
amounts greater than 1.5 moles per mole 
myosin) was found to have no effect on the 
(Ca?*+ +K*-—EDTA)- or actin-activated 
ATPase activities of myosin, they have also 
been described as ‘non-essential’. In 
contrast, the other pair of light chains 
became known as ‘essential’ because their 
removal by various treatments always 
seemed to result in an irreversible loss of 
these ATPase activities; although as heavy 
chain denaturation appeared to precede 
essential light chain removal, the precise 
role of the essential light chain remained 
ambiguous. 

The problem is further complicated in 
skeletal muscle by the presence of myosin 
isozymes. Thus there are two forms of 
essential light chain, Al and A2; both exist 
within a single muscle cell! and the presence 
of myosin homodimers and heterodimers 
of Al and A2 light chains has been 
confirmed’. In addition, at least two 
forms of heavy chain exist within fast 
skeletal myosin’. 

Using the results of earlier workers as a 
guide, Wagner and Weeds* found that in 
4.7 M NH,Cl, 2 mM EDTA and 2 mM 
dithiothreitol, pH 7.0, an equilibrium 
existed between dissociated essential light 
chain and heavy chain®. A 10-min 
incubation at 4°C did not adversely affect 
the ATPase activities. Exchange ex- 
periments were easily feasible in the 
presence of excess light chain, using 
isolated chymotryptic subfragments of 
myosin, S-I (Al) and S-1 (A2), containing 
Al and A2 essential light chains 
respectively. These two types of myosin 
‘head’ are easily separated on a DEAE- 
cellulose column and lack the non-essential 
DTNB light chain, which is digested away 
by the chymotrypsin leaving the essential 
light chain intact. The results of such 
exchange experiments, now well known, 
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were that the kinetic parameters of the two 
subfragments appeared to be determined 
by the type of essential light chain, 
provided the assays were performed at low 
ionic strength (6mM)*; at higher ionic 
strength the parameters are virtually 
indistinguishable for the two isozymes’. 

To study the separate roles of the heavy 
chain and essential light chain, Wagner and 
Giniger have now combined two powerful 
approaches: the above exchange procedure 
and the antibody column techniques of 
Holt and Lowey’, with the additional trick 
of including nucleotide in all these 
procedures to stabilize the nude heavy- 
chain fragment (so simple that one 
wonders why nucleotides were not included 
in dissociation experiments years ago). 
Thus, S~1 (A2) was incubated for 5 min at 
4°C in 4.7 M NH,CI, 5 mM ATP, 2 mM 
EDTA, 2 mM dithiothreitol, 0.1 M 
imidazole, pH 7.0, and then applied to an 
anti-essential light-chain antibody column 
equilibrated in the same buffer. The 
antibody is fully operational in these 
conditions and removes the dissociated A2 
light chain. The subfragment eluting from 
the column still possesses about 10 per cent 
of A2 light chains but retains 50-100 per 
cent of the ATPase activities and 100 per 
cent of the actin-binding capabilities of 
S-1(A2) that has been similarly treated but 
not passed down the antibody column. 
Contaminating S-1 (A2) can be removed by 
second passage of the material through the 
antibody column in the absence of NH, C1, 
to give a pure, active heavy-chain fragment. 
These results have been substantiated by 
Sivaramakrishnan and Burke (submitted 
for publication) who have used a different 
approach to produce light chain-free heavy 
chains of rabbit S1; the heavy chains retain 
full ATPase and actin-binding capabilities. 

Taken together, these results show that 
the essential light chain is, in fact, 
inessential! They suggest that the active site 
and the actin-binding site are exclusive to 
the heavy chain in the head region of 
myosin. The essential light chain (now a 
misnomer) can modulate this activity at 
low ionic strength but the activity is 
primarily determined by the heavy chain. 
The combined work of Wagner and 
Giniger and of Sivaramakrishnan and 
Burke represents the first clear 
demonstration of an active myosin heavy 
chain, free of light chains (notwithstanding 
the active minimyosin heavy chain from 
Acanthamoeba’ which is regarded as 
peculiar among myosins). 

The corollary of pulling peptides apart is 
to reconstitute the original protein by 
adding together the constituents. Wagner 
and Giniger have not reported such an 
experiment, although it is possible and will 
be reported shortly by Sivaramakrishnan 
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100 years ago 


Pror. Raoul Pictet of Geneva, who has been 
giving his attention of late to marine} 
architecture, announces, according to the! 
Times correspondent, a discovery which, if his 
anticipations be realised, will effect a 
revolution in the art of shipbuilding and 
greatly augment the speed of sea-going and) 
other ships. The discevery consists in a new 
method of constraction and such an 
arrangement of the keel as will diminish the 
resistance of the water to the lowest possible 
point. Vessels built in the fashion devised by 
Prof. Pictet, instead of sinking their prows in 
the water as their speed increases, will rise out 
of the water the faster they go, in such a way 
that the only parts exposed to the friction of 
the water will be the sides of the hull and the 
neighbourhood of the wheel. In other words, 
ships thus constructed, instead of pushing 
their way through the water, will glide over it, 
According to the professor’s calculations, 
steamers built after his design will attain a 
speed of 50 to 60 kilometres the hour. A model 
steamer on the principle he has discovered is 
being constructed at Geneva. 

From Nature 24, 18 August, 362, 1881, 


and Burke. In a sense, however, the 
thunder of such a reconstitution 
experiment has been stolen by direct 
exchange experiments producing hybrid 
myosins? using essential light chains of 
skeletal myosin and heavy chains of cardiac 
myosin, and vice versa, The results of these 
hybrid experiments indicate that the 
ATPase properties ef myosin are largely 
determined by the heavy chain, in 
agreement with the results above on $-1. 
Thus relatively minor roles have been 
assigned to the essential light chain and the 
DTNB light chain of skeletal myosin. 
Furthermore, the role of phosphorylation 
of the DTNB light chain in skeletal myosin 
remains an enigma. This is in contrast with 
the role of the regulatory light chain in 
scallop myosin (chemically related to the 
DTNB light chain), also deduced from 
stripping experiments, of governing 
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actomyosin interactions by determining 
the structure of the calcium-specific switch 
situated on the scallop myosin 
molecule!®:!!, There is also increasing evi- 
dence for involvement of the essential light 
chain of scallop myosin in this regulatory 


mechanism!?:3, In addition, many recent 


papers point to the importance of 


regulatory light chain phosphorylation in- 


smooth muscle and non-muscle myosins. 
Is it possible then that the DTNB and 


essential light chains of vertebrate skeletal 
myosin represent vestigial peptides — 
protein subunits whose principal role of 
regulation has long since been usurped by 
thin-filament control and the evolution of 
an architecture devoted entirely to 
efficient, repetitive contraction? In this 
context the increased stability conferred on 
the heavy chain by the presence of the 
essential light chain and the small 
modulation of actin binding by DTNB 


A glimpse of new results: 
the preliminary Solar Maximum Mission data 


from Robert Rosner 


THE first extensive reports of results from 
the (partially defunct) Solar Maximum 
Mission (SMM) satellite have recently 
appeared in the Astrophysical Journal 
Letters (244; L133, 1981). Following the 
precedent set by the Einstein Observatory 
consortium two years ago, the SMM 
experimental teams joined in submitting a 
series of papers which has now been pub- 
lished as a single issue of the Letters. Most 
teams contributed two papers: the first 
describing the particular experiment and its 
in-flight observational capabilities, and 
summarizing some of the principal 
preliminary results; the second focusing on 
a particular event or observation. The 
SMM observational programme also had a 
strong ground-based component, which is 
in evidence both in the accompanying 
article by Rust et al. and in the individual 
papers (in which simultaneous radio and 
other ground-based data figure quite 
strongly in guiding the interpretations). 
The result is a useful overview of solar 
physics research conducted from SMM (as 
well as of the ancillary ground-based 
work), concentrating on the solar flare 
problem, and a good indicator of the 
quality of the data base generated by SMM. 
Astronomers wishing to acquaint them- 
selves with the current status of the solar 
flare problem can do little better than to 
combine the reading of this volume of 
Astrophysical Journal Letters with a 
perusal of the Skylab Solar Flare mono- 
graph?. SMM will clearly provide 
significant observational constraints for 
flare theorists. 

The SMM satellite carried on board seven 
instruments (see refs 3,4 and refs therein), 
six of which were spectroscopic, 
specifically optimized to observe dynamic 
events in the solar chromosphere and 
corona; the seventh instrument was a very 
broad-band (active cavity) radiometer 
intended primarily for temporal studies of 
the total solar irradiance. The energy range 
of the spectrometers spanned from the 
visible (6,583 A) to 160 MeV, with the only 
significant gap in the extreme UV Gn 
which, unfortunately, fall a number of 


strong resonance lines from plasma species 
at transition region temperatures, such as 
O vi [1,032 AJ). I will attempt here to 
describe what I believe are the main 
features of the results reported by the seven 
experimental teams. 
Coronagraph/polarimeter (C/P). The 
C/P was a coronagraph capable of high- 
speed multicolour photometry and polari- 
metry. Built by the High Altitude 
Observatory (Boulder; L.L. House, 
Principal Investigator [PI]), it was 
specifically designed to observe transient 
coronal mass ejection with high time 
resolution and short response time (to flare 
onset alarms) as close to the solar limb as 
possible’, The instrument had a spatial 
resolution of 100 arc s and was capable of 
observations as close as ~ 0.51 R, from the 
solar limb; the spectral range covered was 
4,435-6,583 A, with particular emphasis in 
these reports on the classic coronal green 
line of Fe xiv (5,303 A) and the red line of 
Ha (6,563 A). The preliminary data 
presented by Wagner et a/.® of the large 
coronal transient of 7 April 1980 are largely 
morphological, as the detailed calibration 
required to retrieve plasma diagnostic 
information had apparently not been 
completed. The images presented are, 
however, spectacular; successive images 
show rapid motions in both radial and non- 
radial directions, with peak velocities near 
650 km s! at the outermost edges of the 
transient. Simultaneous radio observations 
made with the Culgoora three-frequency 
radioheliograph established the presence 
of a moving type IV source very near the 
outward-moving loop (surprisingly the 
80-MHz source moved differently both in 
time and space from the 43-MHz source). 
Analysis of the radio data shows that the 
magnetic energy density in the transient 
region exceeded the thermal energy 
density, a conclusion which is essentially 
independent of the emission mechanism 
hypothesized as responsible for the 
observed radiation; and, if the instrument 
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light-chain phosphorylation'* may be seen 
as evolutionary vestiges of a once 
important regulatory role; the loss of the 
calcium-specific site could be seen as an 
example of ‘silent’? mutations. Whatever 
the merits of such a depressing (for some) 
speculation, it is clear that Wagner and 
Giniger, together with Sivaramakrishnan 
and Burke, have performed a long awaited 
and much needed experiment and thereby 
given us ample food for thought. E 


calibration bears out the estimates for 
excess mass in the transient made by 
Wagner et al., one finds that in this event, 
the kinetic energy density is comparable 
with the magnetic energy density, and so 
far exceeds (by at least an order of 
magnitude) the internal (thermal) energy 
density. The conclusion — that estimates 
of total flare energies released based solely 
on the observed radiative fluxes can be 
mistaken by up to several orders of 
magnitude — is a caution well known from 
previous flare studies”. Furthermore, these 
observations confirm the conclusions of 
the Skylab Solar Flare workshop that loop 
transients must be driven largely by 
lorentzian forces, rather than by gas- 
pressure gradients? . 

Ultraviolet spectrometer and 
polarimeter (UVSP). The UVSP team (E. 
Tandberg-Hanssen, PI) comprised 
members of many collaborating 
institutions, including the Marshall and 
Goddard Space Flight Centers, the High 
Altitude Observatory (Boulder) and the 
Lockheed Palo Alto Research Laboratory. 
apana ne the spectral range 1,170-3,600 

, the telescope/spectrograph laid claim 
to both the highest spatial (3 x 3 arc s) and 
spectral (A/AA m~ 150,000) resolution on 
SMM; in addition, the instrument could 
carry out polarimetric observations, using 
a MgF, waveplate (and thus was, in 
principle, capable of the first 
measurements of the four Stokes 
parameters in the solar U V spectrum below 
2,000 A). One of the most surprising 
results of SMM in fact derives from the 
UVSP polarimetry: using observations of 
circular polarization of the 1,548 Aline of 
C wabove a large sunspot, Tandberg- 
Hanssen et al.? derive a line-of-sight 
magnetic field strength of ~ 1,100+300 G. 
This remarkably high field strength 
(considering the height of formation of the 
C iv line) is based on an assumed Doppler 
width, and so it is crucial that the 
measurement be confirmed in further 
detailed studies. If it were confirmed, 
standard models for the extrapolation of 
magnetic fields above sunspots might need 
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substantial revision. Another observa- 
tional feature reported by Tandberg- 
Hanssen ef al. is the detection of significant 
oscillatory mass motions above sunspots. 
Using the C iv line once again,the UVSP 
found oscillations with periods of ~ 130 
and ~ 170 s over two different spots; the 
fluctuations were in phase over four 
adjacent pixels (which were repeatedly 
rastered) but out of phase by ~ 180 deg in 
the blue and red sides of the line for any 
given pixel. It is not. certain to what process 
such oscillatory motions are attributable, 
although calculations of the wave motions 
of flux tubes by H. Spruit (Max Planck 
Institute) and B. Roberts (St Andrews 
University) and collaborators appear very 
promising. Studies of the spatial and tem- 
poral behaviour of the density in the trans- 
ition region of solar active regions, as 
determined from the intensity ratio of the 
Siiv (1,402.8 A) and O1v (1,401.2 A) lines, 
show further evidence for a substantial 
level of dynamical behaviour in ‘quiescent’ 
regions. Thus, the UVSP has observed very 
large (~ 5-10 times) spatial variations in 
transition region densities on scales of ~ 4 
arc s, as well as temporal variations on time 
scales of minutes or less. From the point of 
view of modelling, it is relevant to ask 
whether the observed fluctuations take 
place within magnetically ‘confined’ 
plasma structures (for example, whether 
they occur at the re-entrant footpoints of 
hot coronal ‘loops’). If so, then these data 
suggest that the transition regions of 
coronal ‘loops’ are far more complex in 
their behaviour than allowed for in 
standard models for quiescent loop 
structures. Turning to yet more dynamic 
phenomena, Woodgate et al.!° discuss 
thoroughly the morphological aspects of 
the limb flares of 30 April 1980, as seen in 
the C tv line discussed above; several of the 
other teams have in fact found it useful to 
take advantage of the high spatial 
resolution imaging capability of the UVSP 
to place their (lower-resolution) 
observations in the proper geometric 
‘context’. The main conclusion of 
Woodgate et al. seems to be that, although 
the pre-flare state resembles the scenario of 
models for flare initiation of, for example, 
Canfield et al.!! and Heyvaerts ef al.'? — a 
small loop of emerging flux rising into an 
overlying complex of magnetic loops — the 
detailed evolution of loop brightening and 
plasma motions does not. This conclusion 
must be tempered by the realization that it 
may not be reasonable to confront a theory 
which is designed to explain the ‘primary’ 
flare features with morphological details it 
may be, in principle, incapable of 
accounting for (see ref.2 for a particularly 
lucid account of this difficulty in flare 
research). 

Soft X-ray polychromator (XRP). The 
XRP actually consisted of two 
instruments, the flat crystal spectrometer 
(FCS), with spatial resolution of 12 x 12 arc 
s and spectral resolution of ~1,000 at 20 

, and the bent crystal spectrometer 





(BCS), with a substantially lower spatial 
resolution of 6x6 arc min, but far higher 
spectral resolution (A/AA ~ 25,000). The 
experimental team reflects a collaborative 
effort between Lockheed Palo Alto (L.W. 
Acton, PI), Mullard Space Sciences 
Laboratory (J.L. Culhane, PI) and the 
Rutherford and Appleton Laboratories 
(A.H. Gabriel, PI). One of the most 
interesting results reported of the SMM 
mission is the XRP observations of 
strong line broadening in both quiescent 
active regions and flaring regions. For 
example, Acton et al. discuss the 
observations of quiescent active regions 
with the FCS; the spectra show substantial 
broadening beyond the thermal line width 
(which is estimated on the basis of electron 
temperatures inferred from the measured 
Ne 1x/Mg xi line flux ratio). Assuming an 
isothermal model, Acton and 
collaborators derive r.m.s. speeds of 
~™100+28 km s! and argue convincingly 
that the excess broadening is probably due 
to random motions on spatial scales far 
smaller than the ‘loop’ structures them- 
selves. How these observations relate to 
specific proposed coronal heating 
mechanisms is not yet clear because vir- 
tually all the current contenders predict 
some level of flow ‘turbulence’. Turning to 
higher spectral resolution, a nice example 
of the power of spectroscopy is provided by 
the analysis of BCS flare data by Culhane 
et al.'4, These authors show in a succinct 
and convincing way that: (1) electron 
temperatures via the satellite-to-resonance 
line flux ratio for Ca xix k and Fe xxv j 
lines can be obtained, and the Fe lines are 
formed in different regions than the Ca 
lines (suggested by differences in derived 
temperatures, temperature evolution and 
intensity light curves; see also previous 
observations of the Ca x1x and Fe xxvlines 
by Doschek ef a/.'5 and Feldman et al.'*); 
(2) line widths are strongly variable during 
the course of a flare, starting with rather 
broad profiles and narrowing significantly 
after the hard X-ray impulsive event; the 
broadening may be associated with 
turbulent flow speeds of ~ 60-100 km st; 
(3) fluorescence, rather than ionization by 
fast electrons, is the most plausible 
excitation mechanism for Fe Ka emission 
in at least some cases. In one case, however, 
the excellent temporal coincidence between 
a hard X-ray burst and an early Fe Ka 
‘spike’ suggests (following calculations) 
that the energetic electrons responsible for 
the hard X-ray burst also excite the Ka 
transitions (in fact, calculation of the 
expected Ka flux from fluorescence yields 
far too little emission in this case). 

Hard X-ray imaging spectrometer 
(HXIS). The HXIS was an imaging 
spectrometer with a field of view of 2 min 
40 sx2 min 40 s of arc at a resolution of 
8x8 arc s, and a field of view of 6 min 24 
sx6 min 24 s of arc at a resolution of 
32 x 32 arcs. It had some energy resolution 
covering the spectral range 3.5-30 keV in 
six channels and variable time resolution in 
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the range 0.5-7.0 s. The HXIS team (C. de 
Jager, PI) represents a collaboration 
between the Astronomical Institute at 
Utrecht and the University of Birmingham 
(UK). Its two contributions focused on 
providing a complete evolutionary 
description of the morphology and plasma 
characteristics of three flares observed in 
April 1980 (7 and 10: April: Hoyng etal U; 
30 April: van Beek ef a/.'*). Although the 
gross morphological characteristics of 
flares seen in X rays were well established 
by the Skylab observations, these HXIS 
data illustrate the value of extending time- 
resolved imaging to higher photon 
energies. The flare observations in early 
April showed emission regions 
characterized by a hard spectrum to be 
spatially associated with, and to overlie, 
the brightest Ha emission patches, and 
furthermore that associated, softer 
emission components tended to lie between 
the harder components. If the emission 
source geometry is assumed to be that of a 
coronal ‘loop’, then a natural and 
immediate interpretation of these data is 
that the hard X rays are emitted at the loop 
footpoints (where the Ha emission would 
be expected to take place), whereas the 
softer X rays are emitted at the top portion 
of a loop. If one views the footpoint 
excitation as a result of particle (electron) 
beams impinging on the dense footpoint 
boundary, then the ‘thick target’ model for 
the hard X-ray emission is clearly 
favoured. Further support for ‘streaming’ 
of fast electrons comes from the late-April 
flare data. Van Beek ef al. show that the 
onset of flare emission could be associated 
with a very compact source and that the 
subsequent development of an extended 
‘tongue’-like component, whose 
temperature is higher than that of the 
compact component, is then consistent 
with production of energetic electrons 
within the compact component and 
subsequent streaming or diffusion into the 
larger (but magnetically confined) volume. 
In particular, this sequence of events is 
consistent with the time scale for the 


‘development of the extended source and 


the lack of clear evidence for large-scale 
mass motions within this source, and 
accounts well for the simultaneous 
appearance of an Ha ‘tongue’ spatially 
coincident with the extended X-ray tongue. 
Note that the above argument depends 
crucially on the assumed source geometry 
and that at X-ray wavelengths, SMM 
observers invoke the Skylab observations 
to justify their choice of loop geometry. 
Hard X-ray burst spectrometer 
(HXRBS). The HXRBS (built by the 
Goddard Space Flight Center; K.J. Frost, 
PI) was not an imaging instrument and so 
provided no spatial resolution (the field of 
view encompassed the entire Sun). 
However, the lack of spatial resolution was 
compensated by high sensitivity and 
extremely high (1 ms) temporal resolution 
(because the probability of more than one 
flare occurring is lew-and because the 
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quiescent corona contributes a negligible 
fraction of the observed emission, source 
confusion for the HXRBS is of little 
concern); the spectrometer covered the 
~25—400 keV energy range in 15 channels. 
The HXRBS team chose to discuss 
observations of three flares (29 March, 30 
April and 7 June 1980) for which the time- 
resolved data allowed access to a previously 
inaccessible observational domain (Dennis 
et al.'9; Orwig et al.”), The combination of 
large effective area with high potential time 
resolution allowed this instrument 
temporally to resolve several hard X-ray 
bursts into subfeatures: a combination of 
short (~1 s), quasi-periodic ‘sub’-bursts, 
separated by |~2s and characterized by a 
fairly hard spectrum, and a much softer, 
slowly varying component. In addition, 
HXRBS detected persistent intensity- 
fluctuations significant down to the 100 
ms level and spectral variability down to a 
time scale of seconds. By taking advantage 
of the capability for simultaneous: 
observations with the other SMM (as well 
as ground-based) instruments, Orwig et al. 
were also able to compare the details of 
their light curves of the 30 April flare with 
those obtained with the UVSP, HXIS and 
BCS. The onset of Ca xix resonance line 
broadening discussed above seems to be 
well correlated in time with the onset of the 
impulsive burst and essentially all the flux 
observed by the HXRBS probably derives 
from a small loop (seen by the UVSP) 
coincident with one of HXIS’s 8x8 arc s 
pixels. r i 
y-Ray spectrometer (GRS). The short 
wavelength limit of solar radiative emission 
was explored by the GRS, an instrument 
whose experimental team (E. L. Chupp, PI) 
reflects a collaboration between the 
University of New Hampshire, the Max 
Planck Institute for Physics and 
Astrophysics (Munich) and the Naval 
Research Laboratory (Washington, DC). 
At these energies, the Sun emits both a 
continuum and a number of y-ray lines; the 
latter are thought to arise from the 
interaction of fast ions with the denser 
portions of the solar outer atmosphere. 
y-Ray emission is thus a direct diagnostic 
for the presence of, for example, accelerated 
ions and examination of the spectral and 
temporal behaviour of the emission 
provides a clue to the characteristic of the 
incident fast particles (compare with ref. 
21, p.117). The GRS explored the energy 
range ~ 0.3-9 MeV with an energy 
resolution of ~ 7 per cent (FWHM at 662 
keV) and a time resolution of ~ 16 s (or, 
using the ‘burst window’ 64 ms time 
resolution in the very limited single- 
channel energy range 330+25 keV). The 
two contributions of the GR5 team (Chupp 
etal.*2; Ryan etal.” ) focused on analysis of 
continuum and line emission from two 
flares; only in one were both the continuum 
and lines detected. Of particular interest 
are the data for the flare of 7 June 1980, for 
which the first detailed observations of the 
full light curve of the 2.223 MeV line from 





the reaction n+ p>*H +y were obtained. 
The power of nuclear physics to ‘recréate’ 
the sequence of events which must have led 
to the emission of this y-ray line (as well as 
the continuum) is nicely laid out: not only 
must both electrons and nucleons have 
been accelerated, but the time constraint 
on neutron production (imposed by the 
requirement that the fast neutrons be 
thermalized before 'H capture and the 
2.223 MeV photon emission occur) is such 
that the fast ions responsible for their 
production must have been accelerated in 
virtual time coincidence with the fast 
electrons. This result imposes a non-trivial 
constraint on particle acceleration 
mechanisms anticipated (as an SMM 
result) at the time of the Skylab Solar Flare 
workshop (see ref. 21, p.162). 

Active cavity radiometer irradiance 
monitor (ACRIM). ACRIM was the only 
SMM instrument not specifically designed 
for the study of flare transients. The 
culmination of an evolutionary sequence 
of successively more refined radiometers 
built by R.C. Willson (Jet Propulsion 
Laboratory), ACRIM was the first 
instrument put into orbit which had some 
assurance of resolving solar irradiance 
fluctuations to better than 0.1 percent, and 
thus promised to aid in resolving the raging 
debate on the constancy of the solar 
irradiance. This promise has evidently been 
fulfilled. Two distinct questions arise: first, 
is there any evidence for variation in the 
solar constant (such as integrating the solar 
bolometric flux at some fixed radius over 
4n steradians)? Second, is there any 
evidence for variability in the solar 
irradiance (such as in the total flux as seen 
from ~1 AU)? The second question (which 
is the only one a single spacecraft can 
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sensibly answer) is intimately connected 
with a classic problem of solar physics: 
where does the radiative energy ‘missing’ 
from sunspots go? Several alternative 
solutions have been proposed, all 
constrained by the long known fact that 
there is (to some photometric precision) no 
evidence for a bright ring surrounding 
sunspots (compare with refs 24-26 and refs 
therein). These alternatives include 
redistribution of the missing energy over a 
sufficiently large portion of the solar 
surface, redistribution in spectral range (to 
the far UV or X rays), redistribution in 
transmission mode (conversion of 
radiative flux to magnetohydrodynamic 
waves), redistribution in time (storage in 
the convection zone, followed by gradual 
release over a substantial portion of the 
surface) and, most recently, spatial and 
angular redistribution (by means of the 
solar faculae 2’). The first observational 
problem is of course to detect the effect of 
the passage of a sunspot across the solar 
disk on the total solar irradiance. This goal 
has been admirably met by ACRIM: 
Willson and Hudson?! demonstrate 
fluctuations of the total solar irradiance of 
the 0.05 per cent level; but a correlation 
with specific solar surface activity could 
not be established in this preliminary 
analysis. The vagaries of publication are 
such that even before the appearance of the 
‘SMM’ Astrophysical Journal Letters, 
Willson and his collaborators published?? a 
more extensive analysis of their 
observations in Science; thus it is already 
well known that the ‘dips’ in total 
irradiance seen by ACRIM correlate well 
with the passage of sunspots across the 
solar disk (confirming previous Nimbus 
data suggesting, but not establishing, a 
similar correlation). The next task will be to 
identify definitively the source of the 
‘peaks’ in total irradiance; it should then be 
possible to answer the ‘missing flux’ 
problem of sunspots. 

The preliminary results discussed above 
suggest that, as the SMM data are more 
fully analysed and their implications for 
theoretical work better appreciated, SMM 
will contribute significantly to solar 
research, particularly in the areas of 
spatially and/or temporally resolved 
spectroscopy, imaging at hard X-ray 
photon energies and solar irradiance 
variability. It is to be expected that the 
interpretation of SMM data, which 
understandably received relatively less 
weight in these presentations of 
preliminary results, will play a far greater 
part in the next round of SMM 
presentations. Itis noteworthy that the new 
Japanese satellite, ASTRO-A, is observing 
solar atmospheric dynamics with 
instruments very roughly comparable with 
the BCS and HXRBS. Given the premature 
failure of SMM’s pointing capability, it is 
fortunate that it may, after all, be possible 
to follow up some of the discoveries 
revealed by the studies of the SMM data 
set. i 
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Voyager 2 plasma wave and plasma probe measurements from February 1981 suggest that phenomena associated with a 
well defined tail of Jupiter have been detected at a distance of about 6,200 Ry. This indicates that Saturn’s magnetosphere 
will be affected by the jovian tail and that by comparing Voyager 1 and 2 observations information on the physics of Saturn's 


magnetosphere can be obtained. 





BEFORE Voyager arrived at Jupiter, the possibility of encoun- 
ters with Jupiter’s extended tail during the subsequent Jupiter- 
to-Saturn phase was noted’. It was shown that in the spring and 
summer of 1981, Voyager 2 and Saturn would both cross the 
expected region of tail or wake about 7,000-8,000 R; down- 
stream from Jupiter and that this tail might cause a change in 
characteristics of Saturn's magnetosphere’. In August 1980, 
Voyager investigators found evidence that Jupiter’s tail extends 
out to at least 700 R; (ref. 3). Here, we report Voyager 2 plasma 
wave measurements from February 1981 which are evidence for 
a well-defined distant tail of Jupiter at least 3 AU downstream, 
indicating that Saturn’s magnetosphere will be affected by the 
jovian tail"? *, 


Tail encounter at R = 6,200 R, 


Jovian continuum radiation was detected by the Voyager 1 
plasma wave instrument as soon as the spacecraft entered the 
dayside magnetosphere‘, but the most intense signals were 
observed when Voyagers 1 and 2 were both traversing the 
nightside tail lobes®*. Indeed, we regard the detection of this 
continuum radiation from the Voyager 16-channel spectrum 
analysers as the single plasma wave measurement characteristic 
most clearly associated with a spacecraft location within 
Jupiter’s magnetosphere, Therefore, when Voyager 1 and 2 
detected roughly similar plasma wave emissions after leaving the 
nominal close-in magnetosphere, simultaneous measurements 
from the on-board plasma probes were used’ to identify whether 
the spacecraft had re-entered Jupiter’s magnetosphere. One 


Voyager 1 event (with R = 163 Ry, ġ = 245°) and six Voyager 2° 


events (with 184R,<R<706R;, and œ =224-225°}) were 
recognized as true encounters with the extended tail (here, œ is 
the azimuth angle in a right-handed Jupiter-centred system, 
with @=0 oriented towards the Sun). The other 19 events, 
detected when the Voyagers were still in the solar wind, were 
interpreted in terms of leakage from an extended tail into a 
low-density solar wind trough, which would act as a wave guide, 
allowing signals from the distant tail to reach the spacecraft. 
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Fig. 1 Time profiles of average electric field strengths detected in five 

spectrum-analyser channels of the Voyager 2 plasma wave instrument. The 

scale on the right-hand side refers to the plasma density that gives an 
equivalent electron plasma frequency (7; = 9,000VN,). 
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Fig. 2 Paths of Voyager 2 and Saturn with respect to the hypothetical 

extended tail of Jupiter (a Jupiter-centred Sun-oriented coordinate system is 

utilized), a, b, Different models that could account for the 18 February 1981 
detection of continuum radiation from Jupiter’s magnetosphere. 


As Voyager 2 continued towards Saturn, the ¢-value reached 
a maximum in summer 1980, and after that, the spacecraft 
moved progressively closer to @ = 175-180°, where the exten- 
ded tail of Jupiter might again be encountered’. One of the first 
very clear events indicative of an actual distant tail traversal 
occurred in mid-February 1981, and Fig. 1 shows the cor- 
responding wave measurements for the interval 11-22 February 
1981; the time profiles of the average electric field strengths 
detected in 5 of the 16 spectrum analyser channels are displayed. 
For each channel, the height of the black area is proportional to 
the logarithm of the electric field strength averaged over a 
12.8-min interval, and the distance between the baselines for 
adjacent channels represents three orders of magnitude in 
amplitude. The scale on the right-hand side refers to the density 
that gives an equivalent electron plasma frequency (f3 = 9,000 
VN., where N, is electrons cm™* and f3 is in Hz). 

Figure 1 shows that tracking was almost continuous during this 
12-day interval and that there were several small but abrupt 
level changes from one relatively steady amplitude to another. 
The upper eight channels (1-56 kHz) are mildly affected by a 
failure in the flight data system**, leading to small repetitive or 
quasi-periodic sequences of changes in background (see, for 
example, the 1-kHz data for days 43-45). Figure 1 also shows 
natural (or irregular) changes in levels for the channels from 
562 Hz to 5.62 kHz, and the line f; traces the lower envelope of 
these variations. We interpret this as detection of continuum 
radiation from Jupiter’s extended tail, and we need to determine 
whether Voyager 2 was within the tail or connected to it by a 
solar wind density trough. 

These two possibilities are shown in Fig. 2, which uses a 
Jupiter-centred Sun-oriented coordinate system to show the 
paths of Voyager 2 and Saturn with respect to the hypothetical 
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Fig. 3 Spectral densities of 
continuum radiation detected on 
Voyager 2 in 1979 (near Jupiter) 
and 1981 at 6,200 R, Low- 
frequency cutoff varies as the local 
plasma density changes, but the 
striking similarities in the spectra 
at high frequencies suggest Voy- 
ager 2 was back in Jupiter’s tail 
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extended tail of Jupiter. Bars on the Voyager and Saturn curves 
represent the positions on 1 December 1980, 1 April 1981 and 1 
August 1981 (more trajectory information is given in ref. 1), and 
the locations for 18 February 1981 are marked with dots. In 
mid-February, Voyager 2 was still well above the nominal 
¢ =~ 177.5° position for an aberrated anti-solar tail configura- 
tion, but had the tail fragmented as indicated in Fig. 2a, it is quite 
likely that Voyager 2 would have been within a tail filament at 
this time and could have been ‘connected’ to the tail by a 
low-density trough as indicated in Fig. 2b. 

Voyager 2 plasma probe measurements suggest both 
phenomena were operative. For the early interval, days 43-48, 
the spacecraft was apparently immersed in streaming plasma 
which could have been low-density solar wind, or even a wake 
region’ around a tail filament; the same applies for the end of the 
interval (days 52, 53). However, for the period centred around 
19 February (day 50) when the f; -profile of Fig. 1 was drawn 
between f=300 and 500 Hz, the Voyager 2 plasma probe 
detected no streaming ions, and we propose that at this time the 
spacecraft was back in Jupiter’s tail. Besides the filament hypo- 
thesis it is possible that a solar wind disturbance displaced the 
main tail’, 

During the 3-day period which includes this apparent crossing 
of the distant tail, Fig. 1 indicates that f; (min) was ~400 Hz, 
leading to N,(min)=2x10°* electronscm™*. This N-value 
yields a current higher than the plasma probe threshold for ion 
measurements in the streaming solar wind, but if the flux is 
lowered because the flow speed is also much reduced, then no 
plasma will be measured. Thus, the absence of detectable 
plasma during this period, when N. was at a minimum is 
consistent with an actual entrance into the tail cavity. 

A final test of the tail-crossing hypothesis involves searching 
the plasma wave noise spectrum for the characteristics asso- 
ciated with continuum radiation. Figure 3 contrasts charac- 
teristic close-in continuum radiation spectra for 5 and 15 July 
1979, with a distant tail spectrum from 19 February 1981; for 
f=1 kHz all three spectra have very similar shapes, but at low 
frequencies there are marked differences. The complete 1979 
Jupiter measurements indicate that the continuum radiation has 
an essentially constant spectral shape throughout the 
magnetosphere®*, and that the observed changes are primarily 
associated with variations in local plasma density, leading to 
shifts in the low-frequency cutoff. Thus, we associate the 5 July 
1979 cutoff at f+ 1 kHz with a local electron density of about 
0.01 cm™’, and the f 50 Hz cutoff on 15 July 1979 with an 
extremely low local density value near 3 x 107° electrons cm”. 
Because for f 2 1.0 kHz, the continuum noise spectrum detected 
at 6,200 R, has essentially the same shape as the spectrum 
measured on 15 July 1979, when Voyager 2 was at 73 R; on its 
way to the initial exit from the magnetosphere, this strongly 
supports the concept that Voyager 2 was again in the 
magnetosphere. Indeed, Fig. 3 shows that the high-frequency 
tail spectra from 15 July 1979 and 19 February 1981 differ no 
more from each other than the two close-in noise spectra. These 

“comparisons suggest that Voyager 2 was within Jupiter’s tail on 
19 February 1981, and that the tail confines the noise extremely 
well, or that the continuum radiation is generated within the 

‘distant tail. 


early in 1981. 














The demonstration’ that many of the earlier tail-associated 
events involved leakage of continuum radiation into low-density 
solar wind troughs argues against an explanation based on noise 
confinement over a distance of 6,200 R;~3 AU; thus 
mechanisms that produce continuum radiation far from Jupiter 
seem more promising. One such process involves production of 
electromagnetic waves by mode conversion from electrostatic 
upper hybrid resonance emissions. Observations related to the 
terrestrial plasmapause, the Io torus boundary, and the pertur- 
bations of Saturn’ s plasma disk at the positions of Tethys, Dione 
and Rhea", suggest that strong mode coupling and intense 
electromagnetic radiation generally originate in regions with 
steep plasma density and temperature gradients. 

That the magnetopause boundary also has steep gradients in 
plasma density and temperature suggests that continuum radia- 
tion could be generated all along the boundary. The initial 
Voyager 2 report® clearly showed that intense upper hybrid 
resonance emissions and weaker continuum radiation were 
detected immediately after the spacecraft crossed the dayside 
magnetopause at 71.5 R, on 5 July 1979. Thus, we speculate 
that trapped continuum radiation at Jupiter is generated in the 
region of the magnetopause, so that its appearance at 6,200 R, 
does not require strict confinement of the waves. This explana- 
tion can also readily account for the similarity in the noise 
spectra, as Barbosa’ has proposed a wave- scattering 
mechanism with the spectrum of the continuum radiation 
controlled by fluctuations of the magnetopause surface. 


Discussion 

The filament picture in Fig. 2a is consistent with many aspects of 
the 1981 Voyager 2 measurements but it is useful to consider 
other sources of information. We can learn much about the 
possible configurations of extended magnetic tails in the solar 
wind by studying the structures of comet tails, as far downstream 
from any interplanetary object the only significant characteristic 
of the source region involves the close-in size of the obstacle. For 
visible comets in the inner Solar System, there is no firm 
knowledge of the true obstacle size, but the theoretical model of 
Biermann ez al.’* gives a contact surface or obstacle radius, Rp, 
of ~10° km. As the subsolar Jupiter magnetopause is nominally 
located at Rg~ 56 R;, this means that the 18 February 1981 
measurements were taken at R ~110 Rp. For the comet case, 
110 Reg translates to a downstream distance of about 1.1 
10’ km, and many photographs of the visible ion tails of fresh 
comets show clear evidence of filaments extending to this dis- 
tance or beyond (for instance, comet Kohoutek, Fig. 1 in ref. 
13). This fact suggests that filaments may develop naturally in 
extended magnetic tails and that Voyager 2 will continue to 
encounter them. 

If the extended tail of Jupiter has this type of structure, then 
Saturn itself is likely to have many brief encounters with the 
jovian tail cavity leading to significant differences between the 
Voyager 1 and 2 Saturn encounters. It will be of great interest to 
search Voyager 2 data for such effects, including variations in 
magnetosphere size, bow shock location, radio emission 
strength and trapped radiation belt population. 
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Stratospheric aerosols properties from 
Earth limb photography 
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Balloon-borne observation at three wavelengths of visible sunlight scattered by the Earth limb allows the determination of 
aerosols abundances and size distributions at various altitudes in the stratosphere. The stratospheric aerosols are apparently 
still under the influence of the Mount St Helens volcanic eruption five months after its occurrence on 18 May 1980. 





IT is only relatively recently that detailed studies of the strato- 
spheric aerosols have been initiated. They are of importance 
because nucleating and catalytic agents are central in determin- 
ing the radiation balance of the atmosphere. A survey of light 
scattering techniques used in the remote monitoring of atmo- 
spheric aerosols has been published recently’, Twilight 
phenomena have been used both from the ground’? and from 
satellites, and Earth-limb observation from space has been 
based on sunlight scattering observed directly*” or through its 
absorption®. In situ sampling initiated 20 years ago’ has also 
provided much information on the composition of aerosols*, 

We have previously reported’ the photographic observation, 
from a balloon gondola floating in the upper stratosphere, of the 
enhancement of stratospheric aerosols over Europe 23 days 
after the Mount St Helens volcanic eruption. Several other 
reports have now appeared®** while details have been pro- 
vided on the air trajectories which have caused the volcanic 
plume to move at various altitudes in various directions” at the 
beginning of their many cumbersome revolutions around the 
Earth. Much information has been collected on the properties of 
the ejecta in relation to atmospheric effects’*. On 15 October 
1980, five months after the eruption, another photographic 
balloon flight took place. One of the first observations was 
finding that the enhancement of stratospheric aerosols below 
20km altitude has become very horizontally homogeneous. 
This means that it is now possible to determine the basic 
properties of volcanically influenced aerosols and of natural 
aerosols which seem to differ in several respects in the strato- 
sphere. 


Observation method 


Photographic cameras onboard a balloon gondola simul- 
taneously record at various wavelengths the light from the Earth 
limb below the horizontal line-of-sight while the solar elevation 
is low. This light is scattered direct sunlight with a contribution 
from the Earth albedo which is minimized when the Sun is low. 
The observation geometry is shown in Fig. 1. The limb radiance, 
R, can be expressed directly in solar radiance units because solar 
images are recorded simultaneously with a known attenuation 
factor. The solar elevation is calculated from the time that the 
picture was taken and from the geographical position. An 
angular scale is constructed from several consecutive shots. The 
depression angles at which radiances are measured are related to 
the line-of-sight altitude of closest approach to the Earth surface 
taking into account refraction effects’. The measured 
integrated radiances can be inverted taking into account 
absorption by ozone and air along the line of sight by the ‘onion 
pealing’ method to yield the in situ radiance, R*, per unit length 
versus altitude. 

The Sun-oriented gondola can be rotated about its vertical 
axis so that pictures can be taken at various azimuth angles, A, 
relative to the Sun’s position. The scattering angle 8 of direct 
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solar radiation can be computed from the relationship 
cos 8 = ~sin D sin ho + cos D cos ha cos A (1) 


where D is the depression angle at which the atmospheric 
radiance is measured and ho is the solar elevation angle at the 
time of measurement. As expected from their strong forward 
scattering properties, aerosols re-emit little light at an azimuth 
angle 180° away from the direction of the Sun. The limb 
radiance observed in this case is used to subtract Rayleigh 
scattering and to isolate aerosols scattering at all azimuths taking 
into account the Rayleigh phase function”, 

If direct solar radiation only is considered, an in situ 
monodisperse aerosol radiance RY per cm of pathlength is 
related to the average solar radiance Ro by 


Rž = Rora Q,ogan/4r (2) 


where a is the angular radius of the Sun’s disk, 2,16 x 10" rad, o 
the properly normalized particulate phase function, Q, the 
scattering efficiency factor, o the particulate scattering 
geometrical cross-section in cm’ if the number density, n, of the 
particles is expressed in cm™’. 
In practice, our data confirm the previous observation’® 
according to which the phase function can, within experimental 
uncertainties, be represented by the Henyey~Greenstein 
function. The asymmetry factor g of the phase function and the 
total scattering efficiency can then be determined. The variation 








Fig. 1 Observational geometry: quasi parallel light falls on the 

atmosphere at a solar zenith angle y, the atmosphere is seen at 

various depression angles D; through the rotation of the gondola, 

photographs are taken at various azimuth angles A from the Sun 
direction, 
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of these parameters with wavelength can be fitted to their 
theoretical variations using the effective size parameter of 
Hansen and Travis’®. This procedure, which uses the Mie scat- 
tering computation programme of Wiscombe”’, leads to an 
evaluation of the effective particle size and provides information 
on other properties. From these two quantities and from the 
product no obtained directly from equation (2) the value of n 
can be deduced. 

The aerosol particle size is usually treated in terms of the 
wavelength, A, of the interacting light through the Mie size 
parameter 


x=2na/a (3) 


where a is the radius of the spherical particle in a monodisperse 
aerosol. In a polydisperse aerosol the number of particles of 
radius r is expressed’? by 


n= Apt 73878 pmr ab (4) 


where a becomes the effective radius while b is a measure of the 
width of the size distribution; A is a constant related to the total 
number of particles. 

Comparing Rž with 0, the scattering angle, at various 
wavelengths provides information about the asymmetry factor, 
g. A knowledge of g and its variation with the wavelength of the 
interacting light leads to the unique determination of a and b. 
How the scattering efficiency Q, varies with size parameter can 
then be determined. The behaviour of these quantities is known 
from the Mie scattering theory. 


Experimental details 


The balloon flight took place on 15 October 1980, the tropo- 
pause height being 11.4km. The gondola floated at 37.6 km 
altitude and was equipped with seven Hasselblad EL 500 
cameras with 80-mm focal length lenses and 70-mm films. Four 
of them were pointing forwards, one being loaded with colour 
EPR 475 Kodak film, and three in the opposite direction. The 
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six black and white cameras contained (each camera was paired 
with the one opposite): Wratten filters 47 (440 nm) and 25 
(650 nm) with Plus X Kodak film and filters 87 with Kodak 
aerographic 2424 film (860 nm). To ensure that the Sun images 
were in the dynamic range of the film, neutral density screens 
made of exposed and processed sheet films were placed 60 cm 
from the lenses with their lower edge placed a few centimetres 
above the optical axis. Before flight, step wedges, inconel filters 
and samples of the neutral density screens illuminated in parallel 
light were recorded by each camera in the laboratory. After the 
flight, the Plus X films were processed using the Kodak D76 
developer (y = 1) and the IR-sensitive film was processed in the 
Kodak D19 developer (y = 2.3). The dynamic range of this last 
film was too small to record usefully simultaneous Sun and limb 
images so that its absolute calibration was derived from the 
comparison of optical densities due to quasi-pure Rayleigh 
scattering observed 180° from the Sun in the three colours above 
30 km altitude. The absolute calibration in blue and red light 
was based directly on solar images. The colour, blue, red and IR 
camera settings (aperture, speed) were respectively: f/11, 
1/125 s; f/8, 1/250 s; f/8, 1/250 s; f/8, 1/125 s. As soon as the 
gondola could be Sun oriented, pictures were taken during 
ascent and later during the float period. With its Sun sensor 
remaining locked on the Sun, the gondola was then rotated 
about its vertical axis so that the cameras could record Earth 
limb images 65°, 115°, 180°, 245° and 295° from the solar 
azimuth. The whole horizon scan took place between 16.08 and 
16.18 h GMT, during which atmospheric illumination conditions 
changed very little. The latitude and longitude were respectively 
1° E and 44° N. The average solar azimuth and elevation angles 
were 248° and 9.3° respectively. The optical densities were 
measured on three tracks per frame normally to the horizon by 
means of a Jarrell-Ash micro-densitometer and subsequently 
converted into radiance, in units of solar radiance, versus alti- 
tude of the grazing line of sight every 200 m. Each photograph 
allows an horizontal angular coverage of about 34°. 
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Fig.2 Data at 650 nm versus altitude for various scattering angles, @: a, integrated radiances, R, along the lines of sight; b, inverted radiances, 
R*: c, inverted radiances due to aerosols, RŽ. Each successive lower curve is displaced by 10 km altitude from the one above. R* and Rg are 
expressed in units of solar radiance. 
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Fig. 3 Henyey-Greenstein phase functions of the radiance versus scattering angles, normalized at @ = 0° for various values of the asymmetry 
factor, g. The experimental data points are shown at the three altitudes studied and for the three wavelengths: a, 440 nm; b, 650 nm; c, 860 nm. 


Results 


As an example, the observed limb radiance values are presented 
versus the altitude of closest approach of the line of sight to the 
Earth surface (sea level) for 650 nm and for various scattering 
angles in Fig, 2a. 

The comparison of the vertical radiance profiles observed at 
small scattering angles in red light 11 days before, less than 1 
month’ and five months after the Mount St Helen’s eruption 
shows several characteristics. A radiance enhancement peaking 
at 17 km altitude still exists on 15 October 1980, by a factor of 
almost three relative to the pre-eruption value. Above 22 km 
altitude the radiance has returned to values close to what it was 
on 7 May 1980. This suggests that the heavy layer observed over 
England on 6 and 7 June’ and on 5 June” over France consti- 
tuted the main body of the material injected in the stratosphere 
by the volcano. Over 5 months, that layer would then have 
spread in altitude and its centre of gravity would have moved 
upwards by ~2 km, this being perhaps related to air heating 
through sunlight absorption by the aerosols. 

The various photographs taken around the vertical axis of the 
gondola reveal the 17 km layer at all azimuth angles; above 
20 km altitude a well defined 1-km thick layer is readily seen. 
Such thin, well separated features have been observed on each 
of our previous flights and most probably have no relationship 
with volcanic activity. They belong to the ‘natural’ stratospheric 
aerosol. In this particular case the layer is present towards the 
south from the gondola and absent towards the north. Its 
altitude is at 22 km from 125° azimuth counted clockwise from 
the geographical north to ~220° where it begins to rise up to 
~25 km at 250° where it splits and becomes invisible. Parti- 
culate matter is also present above, what we call here, the 22 km 
layer. With respect to the horizontal homogeneity, the 
comparison of the aerosol direct sunlight scattering with the 
scattering angles is safe for the 17-km layer; for higher altitudes 
care must be taken. 

For the angular study, along the lines-of-sight integrated 
radiances are inverted using standard ozone and air dis- 
tributions? and their respective absorption cross-sections'””2. 
The in-situ radiance values, R*, in units of solar radiance and 
per cm along the line-of-sight at the tangent altitude, are 
presented in Fig. 2b. The R* values at 650 nm (Fig. 25) show at 
0 = 175° an exponential dependence versus altitude, as expec- 
ted, on which some structure and noise is superimposed. At 
860 nm in the backward hemisphere where aerosols are expec- 
ted to bring a small contribution and particularly at 30 km 
altitude, the variation of R* with @ fits well the Rayleigh phase 
function, giving confidence to the very low contribution from the 
Earth albedo to the observed signal. This is not surprising as the 
average cloud deck radiance measured at depression angles 
from 5 to 15° ranges from 7x 10-7 to 6x107 of the solar 





radiance at respective azimuths from 0 to 180° from the Sun. At 
6 = 14° and 17 km altitude the aerosol contribution is about 14 
times the Rayleigh contribution. 

At 650 nm (Fig. 2b) the Rayleigh phase function can be fitted 
to the radiance variation observed in the backward hemisphere 
at 30 km altitude. In this case, however, the average cloud 
radiance varies from 6 x 10° near the Sun’s azimuth to 6 x 10°” 
elsewhere. In the forward direction the aerosol contribution to 
the radiance is 10.8 times the Rayleigh contribution at 17 km. 
At 440 nm, Rayleigh scattering dominates even if at @ = 14° it 
still seems to be five times smaller than aerosol scattering at 
17km. At 6=175°, R* grows faster than exponentially at 
altitudes below 20km. Multiple scattering here has an 
important role because the Rayleigh optical thickness on the 
tangent line of sight reaches unity at 20 km. This occurs at 9 km 
and at ground level for 650 and 860 nm respectively. In addition 
the average cloud deck radiance is very high in blue light varying 
from 1.6x107° near the Sun to 10°° of the solar radiance 
elsewhere. The data obtained in blue light can then only be used 


Table 1 Summary of balloon-borne results for three characteristic 
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g, The asymmetry factor of the phase function; $, Quse, the optical 
aerosol scattering extinction deduced frem observed radiances: 
(© Q.no)am, the optical aerosol scattering extinction deduced from 
comparison with the molecular scattering extinction; Q,, the scattering 
efficiency factor; È no and (Ẹ no)am, the geometric scattering extinc- 
tions; a, b, the size distributions parameters; V, the total volume of 
particles per cm? of air at the respective altitades. 
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with caution and at small scattering angle. The situation here is 
different from that in the balloon-borne aureole observation” 
due to the low solar elevation used. 

Figure 2c presents the in situ radiance due to aerosols Rž 
obtained by subtracting the Rayleigh scattering Rý, due to air. 
Rž% is evaluated from R* at ð = 175° following the ‘clean air’ 
procedure currently used in lidar work™*. R¥, is then adapted for 
the various scattering angles considered according to the mole- 
cular phase function”. 


Interpretation 


The angular dependance of R* has been fitted to the variation of 
the scattered light intensity with @ computed for various values 
of the asymmetry factor g of the Henyey—Greenstein function as 
shown for three wavelengths in Fig. 3. In blue light a few values 
of 6 give useful results. For the reasons discussed above values 
for the 22-km layer have only been considered for 0 between 51° 
and 116°. 

The asymmetry factors so determined are listed in Table 1 
with the optical scattering extinction coefficients Q,no. The 
values at 440 nm have not been used because a model taking 
into account the measured cloud radiances indicates a non- 
negligible contribution of the albedo to the limb radiance. But 
this contribution is negligible at the larger wavelengths. The 
observed g values, taking into account that it is probably slightly 
higher than 0.6 and 440 nm, tend to indicate that a value of the 
real index of refraction equal to 1.55 (see ref. 25) is observed 
here. This value will then be used to deduce the size parameter x, 
and its variation with A from 650 to 860 nm leads to the values of 
a and b characterizing the size distribution listed in Table 1. 
Eventually, the scattering efficiency Q, can be deduced from a 
‘and b following the Mie scattering theory’’. 

With the data available, there is, of course, another method of 
determining $, Q,nc. From the air ø values’’ and from the air 
number density nai taken from a model’ (mid-latitude, spring- 
autumn) (n)a can be evaluated, The Rẹ, values determined at 
9 = 175° by the ‘clean air’ method” are compared with the R* 
measured and by taking into account the air and aerosols phase 








100 
a x g 
\ 
N 
æm 10 
a Junge et al. 
GS / lower limit 
a e 
3 Sig 
åk N N Junge et al. 
; upper limit 
N aO 
`, 
l N S 
N \ 
-> 14km \ V 
-Æ 17km z Q 
<r 2km \ N 
aX 
228km 16.8 km 
Newkirk A Eday 
0.1 th il {ieee | t 
0.05 0.1 0.2 0.3 04 05 0.6 


num) 


Fig. 4 Number of particles per cm”? versus their radii and per 
micrometre size interval for three characteristic altitudes: 14, 17 
and 22 km. Two previous data sets’ are shown for comparison. 
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Fig.5 Total numbers of particles with diameters larger than given 
values. The ratio of the number of particles with diameters (d) 
>0.3 um to the number of particles with diameters >0.5 um is 
larger for the layer at 22 km altitude than for 17 and 14km 
altitudes indicating the volcanic influence in these two latter 
cases’. 


functions the values of ($ Q,na) am for the aerosols are deduced. 
They are also listed in Table 1. 

The absolute particle distribution shown in Fig. 4 for the three 
altitudes considered is based only on the geometrical extinction 
coefficient ¥. no at 860 nm for two reasons. In IR light, the 
albedo contribution to the measurement is negligible while it is a 
maximum in blue light and in the inversion of R leading to R* 
the correction for the absorption by O3, of which a standard 
vertical distribution had to be used, is the largest in red light. 
This is supported by the discrepancy observed at shorter 
wavelength between the extinctions determined from the 
observed radiances and those determined by comparison with 
the molecular scattering. The agreement is very good at 860 nm. 
The Mie scattering theory also had the best chance to be valid, 
even if the particles do not exhibit a perfectly spherical and 
smooth shape, at small values of the size parameter. 


Discussion 


Our particle distributions are compared in Fig. 4 with the upper 
and lower limits deduced from in situ sampling’ and with two 
extreme values resulting from solar aureole measurements”’. 
The present results fall within the range of those data except for 
particles <0.2 um radius where the upper limit given by Junge et 
al.” is exceeded. As mentioned above the aerosols below 20 km 
are still in volcanically perturbed conditions. On the other hand, 
the collection efficiency of an in situ sampler might be reduced 
for small particles. Note also that our distributions are steeper 
especially at large radii. This effect is less pronounced in the 
comparison with the aureole data. This effect seems to be due to 
the small values of effective radii obtained here. 

Another comparison of our data, shown in Fig. 5, can be made 
for the total number of particles with a radius >0.15 ym 
obtained by balloon-borne optical particle counters”, The 
number densities of these particles are 0.4-1.3 particle cm™° in 
the 14-17 km altitude region and 0.1-0.9 particle cm? at 
22 km. The data presented here for 22 km correspond to a low 
aerosol content above 20 km and lead to 0.7 particle cm™* above 
0.15 pm. At 14 and 17 km altitude the values presented in Fig. 5 
respectively imply 1.9 and 2.1 particle cm” of particles with 
radii >0.15 um. A comparison between the two methods would 
be required to define a possible discrepancy as the aerosols are 
volcanically enhanced in the present case. 

The optical extinction coefficient Qno measured at 1 um 
wavelength by the SAMII satellite-borne instrument at low 
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aerosol load in July 1979°’ exhibits an almost constant value at 
altitudes from 14 to 20 km of 10°? cm™'. This compares very 
favourably with our 860 nm value at 22 km. At 17 and 14 km 
altitude, the extinction in the present case is 3 and 2 times larger. 
This can be expected from the volcanic influence which may 
also explain the larger effective particle radius a at 17 km 
altitude. . 

A value of the asymmetry factor g of 0.49+0.7 has been 
measured recently at 633 nm, a wavelength close 650 nm used 
here, from 10.7 to 12.8 km altitude in the stratosphere”. This 
value corresponds to our measurement at 22 km where the 
aerosol is considered to be purely ‘natural’. Because g is larger in 
the present case at 14 and particularly at 17 km, one of the 
volcanic influences must then be to increase the g value and if 
the Mie theory is applicable to increase the particle size as we 
observe it at 17 km altitude. 


Received 27 April; accepted 25 June 1981. 
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From an optical point of view the particle size distribution, of 
which the shape is of greater interest than the particle concen- 
tration for radiative transfer calculations’’, is variable in the 
stratosphere. The asymmetry factor, g, is smaller than the 
constant value (0.7) currently used in models. B 
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Circular copies of the transposable element copia have been isolated from cultured Drosophila cells. These molecules, 
which are present at approximately 1 copy per 10-50 cells, comprise a heterogeneous family of related species. Most are 
composed of a complete copy of the internal section of copia combined with either one or two copies of the flanking direct 


repeat sequences. Such structures are strikingly analogous to the circular proviral forms of retroviruses. 


TRANSPOSABLE genetic elements were first defined genetically 
in maize’ and have since been found in a wide variety of 
organisms including bacteria**, yeast? and Drosophila*~°. They 
are capable of causing a wide range of genetic effects such as 
abnormally high mutation and reversion rates and chromosomal 
deletions or rearrangements. Recent experiments indicate that 
most, if not all, of these effects are connected with the ability of 
these elements to transpose to different sites in their host cell 
genomes. Although there is no direct evidence for analogous 
species in vertebrates, several observations strongly suggest that 
eukaryotic transposable elements and the integrated proviral 
forms of some retroviruses are related. 

The following properties are shared by all eukaryotic trans- 
posable elements and integrated provirus retroviruses” **: 
@ Their sequences are each composed of an internal DNA 
segment several thousand nucleotide pairs long flanked by a pair 
of identical DNA segments of several hundred base pairs (bp) 
which are both arranged in the same direct orientation on the 
element®** (Fig. 1). These repeat sequences are each bounded 


by small inverted repeats several nucleotide pairs long’. 








@ The complete element is flanked by an identical pair of host 
DNA sequences, usually 4-6 bp long, that are present only once 
in the target site for integration ™! 07+, 

@There is no detectable homology between the DNA 
sequences at the insertion site and the ends of the element. 

@ The terminal dinucleotides of a transposable element or 
integrated retrovirus provirus are S'TG... CA3 and in some 
cases this sequence homology extends further into the elements, 


Direct 
repeat 


Internal 
segment 


Direct 
repeat 


Fig. 1 Generalized structure of a eukaryotic transposable element or 

integrated retrovirus provirus. An internal segment of several kilobases is 

bounded by a pair of identical directly repeated sequences. These repeats 

carry small terminal inverted repeats several base pairs long which are 

normally imperfect (--> and +}. The complete clement is flanked by an 

identical pair of host DNA sequences (B+). The Janking genomic DNA is 
indicated (+), 
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Fig. 2 Isolation of extrachromoscmal copia-specific DNA. Circular DNA 
was extracted from Drosophila cultured cells (Eschalier’s Kc line®; 1.5 x 10° 
cells) by a modificiation of the method of Hirt'”-?°. The enriched sample was 
then subjected to CsCl-ethidium bromide ultracentrifugation. Nucleic acids 
were recovered from the fractionated gradient, dissolved in 10 mM Tris-HCI 
(pH 7.5) and 1 mM EDTA and treated with boiled RNase A (10 ug ml”! at 
37°C for 15 min), 30% of each fraction was assayed for copia-specific 
sequences by agarose gel electrophoresis in 90 mM Tris-OH, 90 mM boric 
acid and 9 mM EDTA at 1.5 V cm”! 16 h, transfer to a nitrocellulose filter”° 
and probing with **P-labelled nick-translated copia DNA®™ (a 5,1-kb MspI 
fragment of the genomic clone cDm2056"* containing the entire copia 
element plus approximately 150 bp of flanking material). Dextran sulphate 
(9%) was used during hybridization. The filter was exposed to Fuji Rx film 
with an intensifying screen at ~70°C for 16h. Lane a, 50 pg of the linear 
5.1-kb copia MspI fragment run in parallel, lanes b-m, gradient fractions 
1-12 (fraction 1 is the bottom). The mobilities of supercoiled and nicked 
circular forms of the marker 5.4-kt plasmid pJB8 (ref. 29) are shown. Class 
A-C molecules indicate copia species which are described in the text. 


for instance the Drosophila element copia shares with an avian 
retrovirus the sequence 5'TGT... TACAACA3' (refs 7, 13). 
Although such shared properties are very unlikely to be 
coincidental, the exact relationship between transposable 
elements and integrated retrovirus proviruses is unclear. To 
probe further the similarities between eukaryotic transposable 
elements and retrovirus proviruses, we have searched for 
transposable element-encoded structures which are analogous 
to intermediates in the retroviral life cycle. One such inter- 
mediate is the circular double-stranded DNA copy of the viral 
RNA that is synthesized by the viral reverse transcriptase and is 
presumed to integrate into the host cell genome. The present 
report describes the isolation and characterization of closed 
circular DNA copies of the Drosophila transposable element 
copia whose structures closely resemble the circular forms of 
retrovirus proviruses. This observation further demonstrates the 
remarkable similarity between these classes of element. 


Isolation of circular copia DNA molecules 


Extrachromosomal circular DNA was first described in Droso- 
phila by Stanfield and Helinski'*, Drosophila eggs and cultured 
cells contain a heterogeneous population of circular species with 
sizes varying from a few hundred nucleotides to 20 kilobases 
(kb). More than 80% of this DNA is homologous to middle 
repetitive DNA’ (sequences repeated ~100 times in the 
Drosophila haploid genome) of which the copia element is an 
example. It therefore seemed plausible that copia might be 
represented in Drosophila circular DNA. 
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Circular DNA was isolated from Drosophila culture cells by a 
modification of the method of Hirt”. The partially purified 
circles were separated from contaminating genomic DNA by 
CsCl-ethidium bromide isopycnic ultracentrifugation and the 
fractions from the gradient were assayed for copia sequences by 
agarose gel electrophoresis and Southern filter hybridization’. 
Three major size classes of copia-specific sequence were ob- 
served (Fig. 2): a fast migrating class (class A) which is shown 
below to comprise circular supercoiled molecules, minor 
amounts of nicked circular molecules with intermediate mobility 
{class B) and a slowly migrating class with a lower buoyant 
density containing high molecular weight genomic linear DNA 
(class C). The following experiments proved the assignments for 
class A and class B molecules; class C molecules were not 
studied further. 

First, class A co-purifies with supercoiled mitochondrial DNA 
on the CsCl-ethidium bromide gradient (data not shown), 
strongly suggesting that class A is also supercoiled. Further 
evidence was provided by digestion of class A and class B 
molecules with restriction endonucleases. Gradient fractions 
containing the fast migrating class A copia species were pooled 
and digested with restriction enzymes which cut genomic copia 
elements once (HindIII) or not at all (MspI; Fig. 3). Mock 
digestion with no added enzyme led to partial conversion of class 
A (which in Fig. 2 is resolved into a doublet) into the more slowly 
migrating class B. DNA preparations of this purity usually 
contain low levels of contaminating nuclease which nick super- 
coiled circles to yield open circles. Thus, in the conditions of 
mock digestion, supercoiled class A circles were converted 


Fig. 3 Restriction enzyme digestion 
of circular copia DNAs. CsCl gradient 
samples containing class A copia- 
specific molecules were digested with 
restriction endonucleases and 
analysed for copia-specific sequences 
by agarose gel electrophoresis, 
Southern transfer and hybridization 
to *P-labelled copia DNA as 
described in Fig. 1 legend. Lane a, 
undigested; lane b, mock digestion 
(37 °C 30 min); lane c, MspI (3.5 units 
at 37 °C for 30 min); lane d, HindIII (6 
units at 37°C for 30 min) plus MspI 
(3.5 units at 37 °C for 30 min). Class A 
and B species are described in the text. 





partially into nicked class B circles. Digestion with MspI gave a 
similar result but addition of HindIII to this enzyme converted 
both classes of species into a doublet of slightly greater mobility 
than class B, presumably corresponding to linear molecules. We 
conclude that classes A and B in Fig. 2 are composed of 
supercoiled and nicked copia circles, respectively. Furthermore, 
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Fig. 4 Plasmids containing 5.0-kb (pBBI and pBBS), 4.7-kb (pBB3) and 

4.2-kb (pBB6) inserts were digested with HindIII and Mspl restriction 

endonucleases to yield the linear insert DNAs (MspI cuts the plasmid 

pAT153 to yield fragments smaller than 700 bp). Heteroduplexes between 

pair-combinations of these inserts were prepared and mounted”. a, 5.0-kb 

and 4.7-kb inserts; b, 5.0-kb and 4.2-kb inserts; c, 4.7-kb and 4,2-kb inserts. 
The bar indicates 0.1 yum. 


there are at least two different sizes of circle, the smaller 
predominating. 

The approximate yield of circular copia DNA recovered on 
the CsCl gradient was determined by comparison with known 
quantities of cloned copia DNA (Fig. 2). The hybridization 
signal from the circular copia DNA corresponds to about 50 pg 
of DNA from 4 10° cells, which is equivalent to 1 complete 
copia molecule per 50 Drosophila cells, assuming complete 
recovery. The actual recovery of circular DNA is difficult to 
establish but is likely to be ~25% (the value obtained from 
similar experiments by Smith and Vinograd)’’, suggesting that 
the cultured cells studied contain 1 circular copia molecule per 
10-50 cells. 


Structure of cloned copia molecules 


To analyse circular copia molecules more conveniently, these 
species were cloned into a bacteriophage A vector. The circles 
were linearized by digestion with HindIII and then ligated into 
HindIll-cleaved A Charon 21A. Approximately 1,000 copia- 
specific recombinant phage were detected; 13 of these were 
plaque-purified and phage DNA preparations were made. The 
size of the copia-specific DNA insert was determined in each of 
these purified phage by HindIII digestion followed by agarose 
gel electrophoresis. Two major size classes of insert were 
observed, 4.7 and 5.0 kb long. These two species are presumably 
derived from the two major size classes of copia circle visible in 
Fig. 2. Two examples of each of the size classes of recombinant, 
together with one phage containing a smaller 4.2-kb insert, were 
subcloned into plasmid pAT153*° to simplify further analysis of 
the DNA. 

To determine the relationship between these cloned DNAs, 
heteroduplexes between all three size classes of insert were 


visualized by electron microscopy (Fig. 4). Deletion loops were 
only observed between plasmids of different sizes, suggesting 
that the two members of each size class possess substantially 
similar sequences. Only single deletion loops were observed 
between plasmids containing inserts of different sizes, and the 
sizes of the loops correspond in all cases to the size difference 
between each pair of inserts. It therefore seemed likely that the 
4.7-kb insert was a simple deletion variant of the 5-kb species 
and that the 4.2-kb species had a larger deletion in the same 
region, 

Restriction mapping of the five plasmids (Fig. 5) confirmed 
this conclusion. All three classes of insert have similar restriction 
maps, the only difference between them being in the region 
between the unique Psl and Pvull sites. The 5.0-kb inserts have 
the restriction map predicted for an excised genomic copia 
element which has been circularized and cloned. In particular, 
these inserts contain the 280-bp Ball fragment predicted from 
the head-to-tail fusion of two direct repeats. The 4.7-kb inserts 
lack this Ball fragment and presumably contain only one direct 
repeat. The 4.2-kb insert has lost both the Ball fragment and a 
further 500 bp to the left of it. 


Hphl Hind PstI Hine 
Genomic 
Ball Pwl Ball EcoRI Ball geria 
Hind PstI Hincll  Hphi Hindi predicted 
Circula 
ERI Ball Pvul Ball “Copia” 
Hind Il PstI Hincll Hphi Hind I 5-Okb insert 
(pBB 1/pBB 5) 
EcoRI Ball Pvull Ball 
Hind I PstI Hinc) Hphl Hind Il 4-7 kb insert 
(pBB3/pBB 4) 
EcoRI Ball Pvull Bat I 


Hind M PstI HphI Hindi 4-2 kb insert 


(pBB6) 


EcoRI Ball Pvull Bat! 


1kb 


Fig. S Restriction maps of cloned copia circular DNA molecules. DNA of 
the vector phage A Charon 21A (a gift of R. A. Flavell) was treated with 
restriction endonuclease HindIII (Boehringer; fourfold overdigestion) and 
calf intestinal phosphatase (Boehringer, 0.02 U per pg DNA for 30 min at 
37°C). The enzymes were inactivated at 70 °C for 60 min. Enriched circular 
DNA from Drosophila cultured cells (see Fig. 1 legend) was digested with 
Hindi and Mspl restriction endonucleases, extracted with phenol and 
precipitated with ethanol. The cleaved vector DNA (2 wg) and insert DNA 
(~0.01 pg) were ligated in 0.01 ml $0mM Tris-HCI pH7.5, 10mM 
dithiothreitol, 5 mM MgCl, and 1 mM ATP with T, DNA ligase (a gift from 
A, Udvardy) at 4 °C for 16 h. The mix was packaged into phage coats”? and 
phage were plated on Escherichia coli K802 cells. Duplicate nitrocellulose 
filters were blotted from the plates** and hybridized to “P-labeled copia 
DNA as for Southern filters. Thirteen plaques showing hybridization were 
picked and the phage plaque-purified three times. Quick DNA preparations 
were made from suspension stocks of the phage? Insert DNAs from these 
phages were sized by agarose gel electrophoresis of HindIII digests. Eight 
phage contained 4.7-kb inserts, three contained 5.0-kb inserts, one 
contained a mixture of these two and one contained a 4.2-kb insert. Two 
examples of both the 4.7-kb and 5.0-kb inserts, together with the 4.2-kb 
insert, were subcloned into HindIlI-digested pAT153°" and the resultant 
recombinants were used to transform HB101 cells to ampicillin resistance. 
Quick plasmid DNA preparations and large-scale preparations were by the 
method of Ish-Horowicz and Burke”®. A restriction map of a genomic. copia 
element,(G. Rubin, unpublished) is shown and the location of the direct 
repeats ( œn ) is indicated, The predicted restriction map-of a copia element, 
which has been perfectly excised from the recombinant plasmid cD 2056“, 
cyclized and then cleaved at the unique HindIll site, is shown, Double 
cutting sites for Ball and EcoRI enzymes are indicated (\_- ). 
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Thus, the two major size classes of cloned circular copia DNA 
molecule seem to comprise intact copia elements circularized at 
the extreme ends of the element with or without the deletion of 
one direct repeat sequence. This result is very similar to that 
observed in cloned circular retroviral proviruses which also 
possess either one or two direct repeat sequences (usually 
termed long terminal repeats”'*”). The latter configuration is 
labile in bacteriophage vectors, with loss of one direct repeat 
sequence sometimes occurring by recombination during pro- 
pagation”’. To prove that the cloned copia species containing 
one direct repeat were not derived from such artefacts, a sample 
of uncloned total Drosophila circular DNA was digested with 
three restriction enzymes (HindIII, HincII and PvuII) that easily 
distinguish between these two species. The copia-specific 
products of these digestions were identified by Southern filter 
hybridization. Fragments derived from molecules containing 
one direct repeat (0.9kb) and two direct repeats (1.2 kb) in 
Hincll/Pvull double digests of uncloned copia circles were 
observed (Fig. 6, lanes c, e), showing that both types of molecule 
exist in Drosophila cultured cells. 

Restriction fragments characteristic of 4.2-kb circles were not 
detected in digests of uncloned circular DNA. This suggests that 
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Fig.6 Detection of circular copia molecules containing either one or two 
direct repeats in cultured cells. Samples of uncloned circular DNA from 
cultured cells were digested with restriction endonucleases and analysed for 
copia-specific sequences. A, lane a, HindIII plus Mspl; lane b, HindIII plus 
MspI and Hincll; lane c, Hindili plus MspI, Hincll and Pvull; lane d, 
Hindlll plus Mspi and Pvull. Lane e is a longer exposure of lane c to reveal 
the 1,2-kb fragment characteristic of 5.0-kb circles. The sizes of copia- 
specific fragments were derived from comparison with parallel marker DNA 
fragments. B, the restriction maps of 5.0-kb and 4.7-kb insert DNAs for the 
enzymes used in these digests are shown. MspI does not digest either the 
uncloned or cloned copia DNAs but aids complete digestion in preparations 
containing uncloned copia circles for reasons that are unclear. The location 

of the direct repeats is indicated (CJ). 
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either these elements are derived from a cloning artefact or they 
constitute a small minority of the circular copia species. We 
favour the latter interpretation because deletions associated 
with prokaryotic transposons’” and in circular retrovirus pro- 
viruses*** have often been observed previously. 


Origin of circular copia elements 


Circular copia elements might be derived in several ways. First, 
they may be self-replicating plasmids. We think that this is 
unlikely because of their low abundance. Second, they may be 
synthesized by reverse transcription of copia RNA. Such RNA 
could be derived either from infecting ‘copia retroviruses’ or 
possibly from the full-length intracellular copia RNA which is 
abundant in cultured Drosophila cells®. These hypotheses are 
supported by evidence of reverse transcriptase activity and the 
reported presence of retrovirus-like particles in Drosophila 
cells*°, However, we favour a third interpretation, that they are 
derived from the relatively infrequent excision of genomic copia 
elements. 

Excision of genomic copia by homologous recombination 
between the terminal direct repeats would generate the ob- 
served 4,7-kb circles possessing one direct repeat. Such excision 
would leave single copies of the direct repeats behind in the 
Drosophila chromosomes. These single copies were not detec- 
ted in embryonic cells‘? but cultured cells, which possess 
approximately fourfold more copias per haploid genome, were 
not probed for such sequences. We therefore cannot exclude the 
possibility that the 4.7-kb molecules are derived from such a 
mechanism. Homologous recombination between direct repeats 
could not yield 5.0-kb molecules containing two repeat 
sequences, although recombination between the flanking host 
5-bp repeats (Fig. 1) would create such species. However, if such 
a mechanism is implicated, there must be greater control of 
excision because any given pair of 5-bp sequences occurs about 
once in every 1,000 bp in the Drosophila genome. If the excision 
of 5.0-kb molecules is based on homologous recombination, one 
copy of the variable flanking 5-bp repeats might be present 
between the fused direct repeats in 5.0-kb circles. Alternatively, 
if the 5.0-kb circles are derived by reverse transcription, it is 
likely that all these molecules possess an invariant sequence at 
the junction between the two direct repeat sequences. The 
sequence of cloned 5.0-kb molecules in this region is now being 
determined to test these predictions. 


Eukaryotic transposable elements 
and retroviruses 


The experiments described here indicate that eukaryotic trans- 
posable elements and retrovirus proviruses share close struc- 
tural similarities. The isolation of circular copia elements whose 
structures are closely analogous to circular proviruses extends 
these common properties. Such similarities could be a result of 
either a common ancestry or convergent evolution. Temin?” has 
pointed out, however, that convergent evolution would be 
unlikely to produce such close structural similarities and such a 
high degree of sequence homology at the ends of these elements. 
It therefore seems likely that these sequences are evolutionarily 
related. 

The degree of relationship between present day transposable 
elements and retrovirus proviruses is difficult to estimate. If 
these species are closely related it is possible that retroviruses 
can transpose without using RNA intermediates; there is no 
evidence to support or discredit this hypothesis. It is similarly 
possible that all eukaryotic transposable elements are retro- 
viruses, although this seems highly unlikely in the case of yeast 
transposable elements. Furthermore, the presence of trans- 
posons in prokaryotes suggests that transposable genetic ele- 
ments are more widespread than retroviruses and probably 
predate them evolutionarily. 

We therefore favour the hypothesis that a broad spectrum of 
related species exists in eukaryotes between the transposable 
elements of yeast and the non-defective retroviruses of higher 
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vertebrates which usually, if not always, transpose via RNA 
intermediates. All these species may, however, still share com- 
mon intermediates, such as circular DNAs, and all may use 
similar cellular enzymes in their integration. We are now 
investigating whether copla circles can integrate into the 
Drosophila chromosomes to create normal genomic copia ele- 
ments. Of course, if circular copia molecules are derived by 
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A modified polyoma virus genome | has been constructed which can encode the middle-T protein, but not the large-T or 
small-T proteins. This was achieved, starting with the full length viral DNA inserted into a plasmid vector, by replacing a 
small genomic restriction fragment spanning the middle-T intervening sequence with the equivalent fragment from a cloned 
partial cDNA copy of the middle-T protein mRNA. Transfection of the modified viral DNA into cultured rat cells efficiently 
induced the formation of transformed cell foci which gave rise to cell lines that grew as tumours after injection into Fisher 
rats. The only viral early-region antigen synthesized by the cell lines was the middle-T protein. Expression of the middle-T 
protein is therefore sufficient to establish and maintain a transformed state. The viral mRNA praduced by two of the 
transformed cell lines was structurally indistinguishable from the normal middle-T mRNA found in productively infected 


cells, suggesting that RNA splicing is not an essential step in the biogenesis of this messenger. 


THE early region of polyoma virus DNA encodes at least three 
polypeptides, the large-T, middle-T and small-T proteins (refs 
1-4; reviewed in ref. 5). Conclusive evaluation of the individual 
roles of these proteins in virally induced oncogenic trans- 

formation has been difficult ‘because the DNA sequences®’ 
which encode them overlap extensively (Fig. 1). It is known that 
expression of the large-T protein is insufficient to transform 
cells™’, and that the 3’-terminal half of the early region, which 
‘encodes only C-terminal sequences of large-T protein, is not 
required to maintain’*" or to establish'*"* the transformed 
state. Attention has therefore focused on the 5’-terminal haif of 
the early region, which encodes the small-T and middle-T 
proteins as well as the N-terminal portion of the large-T protein. 

As all previously reported mutations within this region of the 
genome affect at least two of the three T-proteins”!®"?, rigorous 
assignment of the resulting phenotype to a change in any 
individual gene product has not been possible. We now report 
the construction of an altered polyoma virus early region which 
encodes exclusively the middle-T protein, and describe the 
mode and consequences of the expression of this DNA when itis 
introduced into cultured rat cells. 


Construction of a viral early region encoding 
only middle-T protein 
We constructed a modified viral early region encoding 
exclusively the middle-T protein by specific deletion of the 
middle-T protein intervening sequence (see Figs 1 and 2), We 
achieved this, starting with a recombinant plasmid containing 
full-length wild-type viral DNA (p53.A6.6), by replacing a small 
genomic restriction fragment spanning the small-T and middle- 
T protein intervening sequences with the corresponding shorter 
fragment from e tloned partial cDNA copy” of the middle-T 
protein mRNA (Fig. 2). From the structures of the Py early- 
region mRNAs (ref. 20; Fig. 1) we predicted that the plasmid 
produced, pPyMT1, would encode only middle-T protein. The 
polyoma virus early-region mRNAs are generated by the 
differential splicing of a common precursor. This involves the 
ligation of two splice donors (at nucleotides 409 and 746) to two 
splice acceptors (at nucleotides 795 and £09) in three of the four 
possible combinations (Fig. 1). The mature mRNA for middle-T 
protein (spliced from 746 to 809) lacks the acceptor (at 795) 
used in Jarge-T and small-T mRNAs. Moreover, as the highly 


re a aaa 


0028-0836/8 1/330595—-06$01.00 


© 1981 Macnilien Journals Ltd 


596 





Nature Vol. 292 13 August 1981 











pie 590 A w o 1500 2000 





Nucleotide number 


T 





la 











An Fig. 1 The spliced structures of the 











principal Py early-region mRNAs. At the 
top of the figure is a linearized map of the 








Py early region, with conventional 
nucleotide numbers’ indicated. The three 
differentially spliced principal mRNAs”° 
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are aligned with this map. The coding 
regions of the mRNAs are boxed; solid 
boxes, dotted boxes and hatched boxes 
refer to reading frames (as defined in ref. 
7) 1, 2 and 3 respectively. The nucleotide 














409 sequences across the splice joints’ are 
shown in the bottom half of the figure. 
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conserved consensus sequences at splice donor sites lie largely 
within the intervening sequences*™??, the splice donor at 
nucleotide 746 in the middle-T mRNA should also be inactive. 
The only potential splicing signal remaining in this mRNA 
would be the donor (at nucleotide 409) used in the large-T 
mRNA splice. The primary transcript of the viral early region in 
pPyMT1 (compare with sequence in Fig. 1) could therefore not 
be spliced to generate mRNAs encoding normal large- or 
small-T proteins, but it would encode the middle-T protein. A 
novel splice could perhaps join the large-T mRNA donor to an 
otherwise unused acceptor, but we considered this possibility to 
be improbable, and indeed such splices did not occur. 


Transformation of rat cells with pPyMT1 


We tested the biological activity of the viral genome in pPyMT1 
by transfecting Fisher rat cells (F2408 cell line)”, using the 
calcium phosphate technique”, and quantifying dense foci 
overgrowing the normal monolayer which appeared after 2-3 
weeks of incubation in the presence of 5% fetal calf serum 
(FCS), We used as a control the plasmid p53.A6.6, the parent of 
pPyMT1, which contains a normal polyoma virus genome (Fig. 
2). In repeated assays, the transformation efficiency of pPyMT1 
was 20-45% that of the control plasmid when non-saturating 
amounts of DNA were used (Table 1). No foci appeared when 
cells were transfected with carrier DNA alone, or with the 
plasmid vector and carrier DNA. Twenty foci induced by 
pPyMT1 and six induced by p53.A6.6 were picked and grown 
into cell lines for further analysis. 

All the transformed cell lines were initially screened for the 
presence of viral T-antigens by indirect immunofluorescence 
using a serum from a Py tumour-bearing rat. Of the six control 
cell lines transformed by the unmodified parental plasmid, five 
showed the strong nuclear fluorescence pattern characteristic of 
the polyoma virus large-T antigen. None of the 20 cell lines 
derived from pPyMT1 transfections displayed such fluores- 
cence, although many showed a weak specific immunofluores- 
cence which appeared to be distributed throughout the cell. 


Properties of rat cell lines transformed by 
pPyMT1 

Eight pPyMT1 and two control lines were selected at random for 
more detailed study. The properties measured (Table 2) were 


saturation density, ability to form foci when grown with 
untransformed rat cells, ability to grow in semi-solid medium 


B09 


and morphology at low- and high-cell densities (Fig. 3). All 10 
cell lines displayed, by these criteria, the usual range of pheno- 
types characteristic of polyoma virus-transformed rat cells. 
Those transformed by pPyMT1 could not be distinguished from 
the control cell lines. We conclude that from all of the 
parameters tested that the lines derived from pPyMT1-induced 
foci are transformed. We do not know whether differences 
between these cell lines and those transformed by genomic viral 
DNA might be demonstrable by measurement of other 
parameters of the transformed state. In particular, we have 
noted that many, but not all, of the pPyMT1-transformants grew 
poorly on plastic when seeded at very low cell densities in 5% 
FCS. We have also measured the ability of four pPyMT1- 
transformed (1.6, 1.7, 2.4 and 2.8) and two control (4.1 and 4.6) 


Table 1 Transformation of F2408 rat fibroblasts by pPyMT1 DNA and control 





plasmid DNA 
Foci per Ratio 
Expt Amount No. of we viral pPyMT1/ 
no. Plasmid (ug) foci DNA p53.A6.6 
I pPyMT1 0) 0 — 
0.1 59 1,000 0.40 
1.0 137 232 
p53.A6.6 0 0 
0.1 149 2,530 
1.0 409 693 
Il pPyMT1 0.05 100 
0.05 132 3,930 0.45 
p53.A6.6 0.05 248 
0.05 F $810 
HI pPyMTi 6 0 = 
0.2 15 127 0.20 
1 82 139 0.28 
5 181 61 
p53.A6.6 6 0 a 
0.2 76 644 
1 294 498 
5 > 500 —_ 
IV pPyMT1 0 0 — 
0.1 77 1,305 0.20 
1.0 324 549 
5.0 361 122 
p53.A6.6 0 0 _ 
0.1 375 6,360 
1.0 > 500 c 
5.0 > 500 — 





Subconfluent monolayers of cells (90 mm cultures) were transfected with the 
indicated quantities of plasmid DNAs. Dense foci were counted 14-21 days later. 
In experiment H, the cells were trypsinized and divided among four dishes 24 h 
after transfection. 
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Table 2 Properties of pPyMT1- and control plasmid-transformed celi lines 





Saturation 
% Efficiency % Efficiency density? 
of focus of growth (cells per 
Cell line formation* in agart em? x 107°) 
pPyMTi 
1.2 0.4, 2.2 44,10 >0.99 
1.6 2.7, 3.2 6.2, 96 >1.4 
1.7 37,93 5.4, 60 >1.0 
1.8 1,0, 5.0 3.3, 1.2 >11 
2.4 2.3, L6 0.8, 1.6 >1.3 
2.6 1.0, 2.4 0.8, 0.9 >11 
2.8 1.4, 12.8 2.5,0.9 >0.97 
2.9 1.4,4.4 2.5, 0.9 >0.83 
p53.A6.6 
4.1 3.0, 4.7 1.7, <0.02 >0.70 
46 1.7,4.8 1.6, 20 >1.20 
F2408 rat cells none <0.01 0.28 





* Transformed cells (5 x10? and 5 x 10°) were plated in separate experiments 
with either 2 x 10° (first number) or 2x 10* (second number) F2408 rat cells on 
50-mm dishes. Foci were counted after 14 days of growth in Dulbecco's minimal 
essential medium (DMEM) containing 5% FCS. 

+ Transformed cells (5 x 107 and 5 x 10°) were grown in DMEM, 5% FCS, 0.3% 
(w/v) agar. Microscopically visible colonies were counted after 14 days. Results of 
two independent assays are listed, done after extensive passage of the cell lines in 
culture (first number) or shortly after the original foci had become established as 
cell lines (second number). 

Cells (5 x 10°) were plated on 50-mm dishes and grown in DMEM/5% FCS, 
with medium changes every 24 h after the third day. The control F2408 cultures 
reached the indicated density at day 4 and increased no further. All transformed 
lines continued to divide until the cells came away from the plastic; thus the 
numbers listed are minima. 


cell lines to grow as tumours after injection into Fisher rats. 
Tumours were produced within 3 weeks of subcutaneous 
injection of 410° cells in all six cases; lines 1.6 and 2.4 
produced tumours when only 4 x 10* cells were injected. 


Viral proteins synthesized by pPyMT1- 
transformed cell lines 


The prediction that the viral early region in plasmid pPyMT1 
would encode only the middle-T protein was confirmed by 
analysis of the viral proteins synthesized by the transformed cell 
lines. A randomly selected set of cloned cell lines transformed by 
p53.A6.6 or pPyMT1 were labelled with **S-methionine and 
the proteins precipitable by polyoma virus anti-T serum were 
fractionated on SDS-polyacrylamide gels (Fig. 4). In eight of 
nine pPyMT1 cell lines tested, the only specifically immuno- 
precipitated protein detected co-migrated with the normal viral 
middle-T protein synthesized in mouse or rat cells infected with 
polyoma virus. One line, 2.9, additionally produced a smaller 
polypeptide which is probably a truncated middle-T protein. 
The amount of middle-T protein produced was within the usual 
range obtained with Py-transformed rat cells. No large-T, 
truncated large-T, or small-T proteins were found. These 
conclusions were strengthened by analysis of the viral mRNA 
present in the cell lines, as discussed below. Two control lines 
transformed by the control plasmid p53.A6.6 were similarly 
analysed. Both synthesized middle-T and small-T proteins, One 
(4.1) also produced a full-length large-T polypeptide, while the 
other (line 4.6, which was T-antigen negative by 
immunofluorescence) synthesized a shorter polypeptide which 
was probably a truncated large-T molecule, like those 
frequently found in other polyoma virus-transformed rat cell 
lines?® 


Viral mRNAs synthesized by pPyMT1- 
transformed cell lines 


We investigated the structure of the viral mRNAs in several 
transformed lines for two reasons: first, to demonstrate unam- 
biguously that the pPyMT1 transcripts were not spliced to 
produce mRNAs which could encode viral proteins other than 
middle-T; and second to know how the transformed cell lines 
generated stable cytoplasmic mRNA encoding middle-T 
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protein from the modified genome in pPyMT1. Previous 
reports’? had suggested that RNA splicing is an obligatory 
step in the expression of genes which normally contain 
intervening sequences. We therefore thought it possible that the 
transformed cell lines always contained viral genomes 
integrated such that the early region and a host intervening 
sequence could be co-transcribed. However, because several 
genes in higher eukaryotes are known to express unspliced 
transcripts as stable cytoplasmic mRNAs**™*”, a direct mode of 
expression could not be discounted. 

The S,-gel mapping experiments shown in Fig. 5 (see legend 
for details) clearly established that, in three of the four pPyMT1- 
transformed lines examined, the principal mRNAs had 5' 
termini mapping in the same position (around nucleotide 150, 
73 map units) as those of productively infected cells or other cell 
lines transformed by genomic viral DNA”, and that these 
mRNAs were colinear with the pPyMT1 DNA sequence 
throughout the region encoding the middle-T protein. This 
demonstrated that none of the usual splicing events had occur- 
red. Three of the transformed lines also produced variable 
amounts of a transcript beginning somewhere in vector or host 
DNA sequence 5' to the early region, which was also unspliced. 
In other experiments not presented here, we used a 3’-labelled 
single-stranded DNA probe to detect specifically splices ori- 
ginating from the donor used in the large-T mRNA (see Fig. 1); 
control, but none of the pPyMT1-induced, cell lines used this 





Fig.2 Construction of a modified polyoma virusearly region encoding only 
the middle-T protein. Plasmid pE3.0”° consists of a partial cDNA copy of the 
middle-T protein mRNA (solid bar) inserted at the Psrl site of plasmid 
pAT153**. The absence of the intervening sequence is indicated by A. 
Plasmid p53.A6.6 consists of a complete wild-type Py genome inserted via 
the unique BamHI site into a derivative of pAT153 in which the plasmid 
Aval site had been removed by cleavage with Aval, $, nuclease treatment 
and recyclization. The Py early region is shown as a solid bar and other Py 
sequences as open bars. Plasmid pE3.0 was digested with Aval+ MspI. 
Plasmid p53.A6.6 digested with Aval was treated with calf intestine alkaline 
phosphatase*®. The enzyme was inactivated by heating at 70°C for 1h, and 
the DNA used for ligation without further treatment. Equimolar amounts of 
the two plasmid digests were ligated at 25 pg mi~? pS3.A6.6, After trans- 
fection into E. coli HB101, ampicillin-resistant colonies were picked and 
plasmid DNAs prepared*’. Recombinants were analysed for the substitution 
of the Py genomic Aval fragment by the pE3.0 cDNA Aval fragment using 
restriction endonucleases Aval, Avali, Hinfl and MspI. One recombinant 
with the appropriate restriction map, pPyMT1, was chosen and large quan- 
tities of its DNA prepared”. 
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Fig.3 Phase-contrast photomicrographs of pPyMT1- and p53.A6.6-transformed rat cell lines. Lines 1.2, 1.6, 1.7, 2.4, 2.6, 2.7 and 2.8 are pPyMT1 induced, 4.1 and 
4.6 are p53.A6.6. ‘C’ is untransformed F2408 rat cells. Cells (5 x 10°) were plated on 50-mm dishes and incubated at 37 °C with DMEM containing 5% FCS for either 
1 (eft panels) or 4 (right panels) days. 


splicing donor. Therefore, the only known early-region viral 
polypeptide which could be made from the mRNAs in pPyMT1- 
transformed cell lines is the middle-T protein. 

The data shown in Fig. 5 also established that, at least in the 
two pPyMT1 lines mapped in detail (lines 2.4 and 2,8), viral 
mRNAs were produced which were colinear with the modified 
viral DNA sequence for the entire extent of the early region and 
had polyadenylated 3’ ends mapping within viral sequence at the 
normal position. This strongly suggested, for reasons to be 
discussed below, that RNA splicing was not involved in the 
biogenesis of these messengers. Maps of the viral mRNAs 
produced by pPyMT1-transformed lines and by one p53.A6.6 
line (4.6) are shown in Fig. 6. The third pPyMT1 line (1.2) 
examined in detail had mRNAs with 3’ ends of colinear viral 
sequence which mapped within that portion of the early region 
which, in genomic DNA, uniquely encodes the C-terminal part 
of large-T protein. This has often been found in other Py- 
transformed rodent cell lines, and indeed is also the case with the 
one control line analysed here (line 4.6, see Fig. 6). It usually 
indicates the position of a virus—host integration junction'”'’, 
As such integration events remove the principal viral poly- 
adenylation site, cell lines like 1.2 and 4.6 have often been found 
to produce relatively large amounts of mRNA terminating at the 
alternative viral polyadenylation site at 99 map units'””°, as 
illustrated in Fig. 6. One pPyMT1 cell line (2.8; see Fig. 6) also 
produced a continuous transcript of the L-DNA strand of the 
late region, extending from a 5’ end at an undetermined point in 
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the flanking vector or host DNA sequence to a polyadenylated 3' 
end mapping at the same position as that of late-region mRNAs 
produced in lytically infected cells, 

The middle-T mRNAs synthesized by the pPyMT1-trans- 
formed cell lines 2.4 and 2.8, are identical in structure to the 
middle-T mRNAs produced during productive infection (Fig. 
6). The mRNAs in the transformed lines, however, have not 
been spliced between their 5' ends and polyadenylated 3’ 
termini. This strongly suggests that RNA splicing does not occur 
during the biogenesis of these messengers. We cannot rigorously 
exclude the alternative possibility, that the mRNAs derive from 
longer precursors which had been spliced and then subsequently 
processed to generate the 5’ or 3’ ends of the mature species, but 
we consider processing at the 5’ end unlikely, because the ends 
detected are indistinguishable from those generated by normal 
use of the viral early promoter*’; it is firmly established in 
several other systems**** that mRNA 5’ ends correspond to 
transcriptional initiation points. We believe that cleavage and 3' 
polyadenylation after downstream splicing is equally improb- 
able because polyadenylation has been shown to precede 
splicing during processing of Ad2 and simian virus 40 
(SV40) RNAs*“**°, The efficiency with which the transformed 
lines produce cytoplasmic mRNAs may, however, be slightly 
impaired by the absence of splicing, as we have noted above that 
the transformation efficiency of pPpyMT1 DNA is two to three 
times lower than that of the parental plasmid DNA. The level of 
expression obtained from integrated Py DNA has been shown to 
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Fig.4 Viral proteins synthesized by rat cells transformed by modified plasmid pPyMT1 (cell lines 1.2, 1.6, 1.7, 1.8, 2.4, 2.6, 2.8, 2.9A [after cloning insoft agar] and 

2.9M, which had been cloned in Methocel) or by control plasmid p53.A6.6 (cell lines 4.1 and 4.6). Cultures grown in 50-mm plates were labelled with *°§-methionine 

(0.5 mCi per plate) for 3 h. Proteins were extracted and precipitated with Py anti-T protein serum (lanes T, immune serum; lanes N, non-immune serum} as described 
previously’; they were then fractionated on 15% SDS-polyacrylamide gels, using the viral proteins precipitated from Py-infected mouse cells as markers (M). 
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Fig. 5 Characterization of the viral mRNA in pPyMT1-transformed (1.2, 
2.4, 2.8 and 2.9) and a p53.A6.6-transformed (4.6) cell lines by alkaline 
agarose gel electrophoresis of nuclease S,-resistant hybrids. Experimental 
procedures were previously described“ in detail. The diagram illustrates the 
structure of the Py DNA insert in the plasmids, with the middle-T protein- 
coding region in black, the remainder of the early region hatched and the 
restriction fragments used in the $,-mapping experiments indicated. The 
position of the deletion in pPyMT1 is also shown (\. Left panel: $,- 
resistant DNA from 100 yg of total cytoplasmic RNA from the indicated cell 
lines, hybridized to the unlabelled homologous DNA fragments extending 
from a BamHI to an EcoRI (58.0-100 map units; nucleotides 4,632-1,565; 
see diagram) site in plasmids pPyMT1 or p53.A6.6. After electrophoresis, 
the S,-resistant DNA products were transferred to nitrocellulose and visu- 
alized by annealing to nick-translated viral DNA. The lane on the left is from 
a longer exposure of the same gel (on this exposure, the indicated 350- 
nucleotide product was visible with the pPyMT1 transformants), Lane M 
shows Py restriction fragments run as size markers. The calculated lengths of 
S,-resistant products are indicated to the left. Larger numbers refer to 
principal products. Smaller numbers refer to products resulting from $, 
cleavage within DNA-RNA hybrids at 93 map units, a phenomenon always 
found in S, mapping of Py early-region mRNAs which is probably a 
methodological artefact?°. Product assignments are: lane/line 4.6: the 600- 
and 260-nucleotide products represent the alternative S’-colinear RNA 
segments, as shown in Figs 1 and 6; the 770-nucleotide product represents 
the 3'-colinear RNA segments, extending from the splice acceptors at 
nucleotides 795 and 809 to the end of the restriction fragment at 1,565; the 
minor 400- and 350-nucleotide products derive from the 770 by S, cleavage 
at 93 map units (~nucleotide 1,200). In lanes/lines 1.2, 2.4 and 2.8, the 
2,150-nucleotide product represents a continuous transcript extending from 
the BamHI site to the EcoRI of pPyMT1 DNA; the 1,800-nucleotide 
product is the result of cleavage of the 2,150 at 93 map units; the major 
1,350-nucleotide product represents a continuous transcript extending from 
the normal 5'-end position of Py early-region mRNAs (nucleotide 150; ref. 
31) to the EcoRI site in pPyMT1 DNA; the minor 1,000- and 350- 
nucleotide products represent cleavage of the 1,350 at 93 map units. 
Lane/line 2.9: pattern too complex for analysis. Right panel: poly- 
adenylated cytoplasmic mRNA from the indicated transformed cell lines, or 
from mouse cells productively infected with Py thermolabile mutant 1sa?°, 
annealed to the unlabelled Py HindIII fragment illustrated in the diagram 
below. The transfer was annealed to a **P-labelled probe*® which detects 
only transcripts of the E-DNA strand, and therefore the 1,270-nucleotide 
product maps the 3’-colinear segments of early-region mRNAs extending 
from the HindIII site (1.8 map units; nucleotide 1,650) to the previously 
determined polyadenylation site at 25.8 map units (~nucleotide 2,930), No 
bands were detected with RNA from cell lines 4.6 and 1.2 because the 3’ 
ends of viral sequence in these mRNAs lie before (1.2) or shortly after (4.6) 
the HindIII site. 


vary considerably among transformed cell lines, although each 
seems to use the viral early promoter’. This variation is prob- 
ably a chromosomal position effect; similar observations have 
been made in avian sarcoma virus-transformed mammalian cell 
lines**. Thus, we may have selected among the pPyMT1 trans- 
formants a subset of integrated genomes which are transcribed 
at a particularly high level to compensate for a defect in 


subsequent processing. Alternatively, the reduced transy,3. 
formation efficiency of pPyMT1 may have little to do with RNAgiss 
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synthesis and instead reflect the absence of the small-T protein 
(see below). , 

To investigate this alternative, we have begun experiments 
comparing nuclear RNA with cytoplasmic RNA in the 
pPyMT1-transformed cell lines. We are also studying the 
expression of pPyMT1 DNA soon after transfection into rat 
cells; preliminary results indicate that the amount of viral cyto- 
plasmic RNA synthesized from the modified genome is similar 
to that produced by unmodified DNA 60h after DNA trans- 
fection, but better quantification is required to resolve the issue. 

The production of stable, unspliced, cytoplasmic middle-T 
mRNA from the modified genome in pFyMT1 does not neces- 
sarily conflict with previous results”. The conclusion that 
RNA splicing is obligatory could not be generalized from the 
few cases examined in these earlier experiments. Moreover, if 
instead of proposing that splicing in itself is essential, one 
hypothesizes that there is an RNA sequence, often but not 
always located within introns, which has a positive function in 
RNA maturation, all the available data could be accom- 
modated. Given the pattern of differential splicing evolved by 
polyoma virus to produce three mRNAs from one precursor, it 


60 70 80Ẹ90 100 10 20 30 40 50 


pPyMT1 
0 1000 2000 3000 4000 
24 | y : 
( oe 
28 | + - 
nc 
1:2 | —— a] 
60 70 80 90 100 10 20 30 40 50 
p53.A6.6 
9 1000 2000 3000 4000 
=m bes 
46 D | 
Per 
| meen 


Fig. 6 Structures of Py mRNAs in pPyMT1- and p33.A6.6- 
transformed rat cell lines, as deduced from $,-gel mapping studies 
such as those illustrated in Fig. 5 and cther experiments (not 
presented) using one- and two-dimensional gel fractionation, The 
mRNAs are aligned below line diagrams of the viral DNA inserts in 
the plasmids used, but note that we have not determined the 
structures of the viral DNA actually present in the transformed cell 
lines. The middle-T protein-coding regionsare shaded, and the rest 
of the early regions are hatched. mRNAs are represented by thick 
and thin lines to suggest their relative abundancies. The 5’ ends of 
readthrough transcripts have not been mapped and are therefore 
indicated by dotted lines. Arrow heads are polyadenylation sites. 
The S,-sensitive site at 93 map units is indicated by Y. The 3’ ends 
of viral sequence indicated by { probably represent the positions of 
virus—host joints, as frequently found in other Py-transformed cell 
lines'®. The four cell lines all contained detectable amounts of 
mRNAs ending at the 99-map unit alternative polyadenylation 
site’°°, but these are only illustrated for ‘ines. 1.2 and 4:6. where 
they comprised significant proportions of the viral messenger. Note 
that in cell line 4.6 there must be mRNAs with the two different 
small splices (see Fig. 1) because this line produces both small- and 
middle-T proteins, but these. cannot be distinguished by agarose 
gel analysis. 
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would not be surprising if such a sequence occurred somewhere 
outside the 63 nucleotides comprising the middle-T protein 
intervening sequence. This hypothesis would also better explain 
the expression of genes such as those for adenovirus protein IX” 
and interferons” which lack introns, or the abundant produc- 
tion of unspliced late SV40 19S mRNA” in certain situations. 
The effect of deletion mutations interfering with the splicing of 
the SV40 small-T protein mRNA has also been investigated”; 
unspliced mRNAs were usually not expressed. It is possible, 
however, that most of the deletions caused preferential splicing 
of the precursor to yield large-T, rather than unspliced, mRNAs. 
Indeed, one deletion (dl 884) removing the small-T mRNA 
splice donor appeared to synthesize a truncated small-T protein, 
perhaps by translation of an unspliced messenger”. 


Roles of polyoma virus early proteins in 
transformation 


Our results strongly suggest thet expression of the polyoma virus 
middle-T protein is sufficient to establish and maintain a trans- 
formed state. What of the other two viral early proteins? Viable 
deletion mutants (the hr-t mutants) have been isolated’ which 
synthesize normal large-T protein but no detectable small- or 
middle-T proteins****’, These mutants do not transform cells*?. 
Moreover, the integration of such DNA into the rat cell genome 
can result in cell lines which express the large-T protein but are 
phenotypically normal’. Deletion mutants lacking DNA enco- 
ding the C-terminus of the middle-T protein, but which encode 
normal small-T protein, are severely impaired in transforming 
activity*’, as are certain internal deletions mapping within the 
middle-T/large-T overlap region? and a point mutant which 
causes premature termination of only the middle-T protein (D. 
Templeton and W. Eckhart, manuscript in preparation). These 
observations are consistent with our demonstration of the criti- 
cal role of middle-T protein in transformation; they also suggest 
that expression of the small-T protein alone cannot transform 
cells. It is therefore clear that of the three early polypeptides, 
only individual expression of the middle-T protein can induce 
the dramatic changes in cell regulation identified as viral trans- 
formation. We found, however, that pPyMT1 DNA has a 
slightly reduced transformation efficiency, which may reflect 
either an impairment in middle-T gene expression or the 
absence of an additional gene product. It will be interesting to 
construct plasmids containing two modified early regions which 
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independently encode middle-T and one of the other T proteins 
and to determine whether any of these have a fully restored 
transformation potential. Furthermore, we have not yet syste- 
matically studied in the pPyMT1-transformed lines all relevant 
parameters of the transformed state. If the middle-T trans- 
formed lines prove to be different in some selectable property, it 
will be possible to assess the roles of the other T proteins by 
supertransfection with the appropriate cDNA recombinants. 

Our results are in prima facie disagreement with the recent 
work of Cuzin and collaborators (Rassoulzadegan, M., Gau- 
dray, P., Canning, M., Trejo-Avila, L. and Cuzin, F., submitted 
for publication) which suggested an involvement of the amino- 
terminal portion of the large-T protein in the maintenance of the 
transformed state. The disagreement may reflect differences in 
the way in which the transformants were obtained, although 
preliminary results indicate that pPyMT1 DNA does transform 
FR3T3 rat cells in the conditions used by these workers (F. 
Cuzin, personal communication). Collaborative experiments 
now in progress between the two laboratories using the plasmid 
DNA described here should resolve this issue. 

The mechanism whereby middle-T protein causes trans- 
formation is unknown. Of the three polyoma virus T proteins, a 
unique property of the middle-T is its association with the 
plasma membrane’**, although efforts to detect it on the cell 
surface have been unsuccessful’. Several groups have also 
found a protein kinase activity associated with the Py middle-T 
protein which results, in vitro, in the phosphorylation of a 
tyrosine residue in the middle-T protein itseif*!~**, We tested 
four pPyMT1-transformed (1.2, 2.4, 2.6 and 2.8) and one 
p53.A6.6-transformed (4.6) cell lines for this kinase activity: 
they were all positive (data not presented), demonstrating that 
no viral protein other than the middle-T is required. However, it 
is not proved that the kinase is an activity of the middle-T 
protein rather than that of a bound host enzyme. Introduction of 
the modified viral early region from pPyMT1 into a bacterial 
expresion vector to obtain large amounts of the middle-T pro- 
tein would therefore be important to produce a middle-T pro- 
tein that could be used to assess directly whether it is a tyrosine- 
specific protein kinase and to assay other potential functions. 
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Indirect evidence implies that 8-azaguanine-resistant (AG') lymphocytes in human peripheral! blood are mutants 
associated with the loss of the hypoxanthine-guanine phosphoribosyltransferase (HPRT) locus on the active X 
chromosome, the mutation frequency increasing linearly with age. AG” variants are readily induced in lymphocytes 
exposed to mitomycin C in vitro, their incidence correlating with induced sister chromatid exchanges (SCEs). Although 
SCE events and the development of an AG’ phenotype may reflect a common type of DNA damage, mitomycin C-induced 
AG’ variants are not mutants but are suggested to be cells having a transcriptional block at the HPRT locus. AG’ variants 
are also readily induced by X rays in vitro, their incidence correlates closely with the incidence of aberrations induced in the 


X chromosome and they are considered to have a mutational origin. 








A MAJOR requirement in attempts to measure the effects of 
environmental agents in inducing mutations in man is the 
development of systems to measure induced mutation frequency 
in readily accessible human somatic cells. In man, the enzyme 
hypoxanthine-guanine phosphoribosyltransferase (HPRT) (EC 
2.4.2.8) salvages hypoxanthine and guanine by conversion to 
their respective nucleotides, but the presence of this enzyme, 
which is coded for by an X-linked gene, is not necessary for cell 
proliferation and is absent, or defective, in males with the 
Lesch~Nyhan syndrome’. The enzyme also converts purine 
analogues such as 8-azaguanine (8-AG) or 6-thioguanine (6- 
TG) to their respective nucleotides and, as these are cytotoxic, 
their incorporation results in cell death“. 

Strauss and Albertini‘ used the cytotoxicity of 6-TG to human 
blood lymphocytes possessing normal HPRT, to distinguish and 
select for viable variant cells resistant to 6-TG (TG'). 
Autoradiography indicates that such cells undergo DNA 
synthesis and survive in the presence of normally toxic levels of 
6-TG following their exposure to the mitogen phyto- 
haemagglutinin (PHA). The frequency of TG’ cells in lympho- 
cyte populations from normal individuals was ~1.3 x 10~* at a 
6-TG concentration of 2x 10~*M, whereas in cancer patients 
being treated with cytotoxic (and mutagenic) drugs, their 
frequency was increased, in some cases up to 20-fold. 

Small lymphocytes have scanty cytoplasm, a low metabolism 
and poor conversion of purine bases into nucleotides’. 
However, exposure to PHA initiates de novo purine synthesis 
and activates the purine salvage pathways’. It seemed possible 
therefore that exposure of lymphocytes to mutagens in vitro 
might also yield variant (‘mutant’) cells that would undergo blast 
transformation and remain viable on exposure to PHA and toxic 
purine analogues, in contrast to normal cells. We show here that 
the spontaneous frequencies of human lymphocyte variants 
resistant to 8-AG (AG’ variants) increase with the age of the 
blood donor; that variant frequency is increased in a dose- 
dependent fashion following exposure of human lymphocytes in 
vitro to the alkylating agent mitomycin C (MMC) or to X rays; 
that, for MMC, their incidence is related to the incidence of 
induced sister chromatid exchanges (SCEs) and, for X rays, is 
correlated with the incidence of gross chromosomal aberrations. 


Rationale 


One of the preliminary experiments undertaken to develop the 
protocol outlined below was a comparison of the response of 
lymphocytes to 8-AG and 6-TG (Fig. 1). The spontaneous 
incidence of purine analogue-resistant cells (defined by their 
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ability to undergo transformation by PHA and proceed through 
toa DNA replication phase) decreased with increasing analogue 
concentration, reaching a plateau at concentrations of ~2 x 
1074 M. Factors favouring the use of selection in 6-TG rather 
than 8-Ag'*'® were: differences in the stability of the two 
analogues’, the higher affinity of 6-TG than 8-AG for the 
substrate HPRT >}, the influence of exogenous purines 
present in serum in reducing the selection pressure exerted by 
8-AG, but not 6-TG '*"?, and the fact that many mammalian cell 
mutants retrieved following selection in 8-AG may retain 
almost normal levels of HPRT whereas virtually all mutants 
following selection in 6-TG are HPRT™ (refs 14, 15), Neverthe- 
less, similar mutant expression times and rates of spontaneous 
and X ray-induced mutations to AG’ and TG’ have been repor- 
ted for human diploid fibroblasts'’. In our study we were 
strongly influenced by the fact that 6-TG is incorporated into 
DNA*" and that inhibition of DNA synthesis by excess thy- 
midine protects against the toxicity of 6-TG, but not of 8-AG’. 
In contrast, 8-AG is incorporated into RNA’, and inhibition 
of RNA synthesis protects against the killing effects of 8-AG, 
but not 6-TG. The short-term culture of lymphocytes in vitro is 
inappropriate for selecting for resistance to cell killing after 
DNA synthesis, because the cells have a limited proliferation 
potential in vitro and colony-forming assays are not possible. In 
view of this, and because PHA-induced lymphocyte blast trans- 
formation requires considerable RNA synthesis, we used 8-AG 
(2x 10°* M) rather than 6-TG in all the experiments reported 
here. 


Incidence of AG" lymphocytes in relation 
to donor age and sex 


The incidence of AG’ lymphocytes was determined in blood 
samples from 26 healthy donors (14 male) aged 16-82 yr 
(Fig. 2). The variant frequency ranged from 0.80% 107% to 
3.99 x 10°* and despite considerable scatter, there is, neverthe- 
less, a clear age dependence: a similar scatter, but no obvious 
age dependence, was noted by Strauss and Albertini". There was 
no evidence of any significant effect of sex (fa = 0.76, P > 0.10) 
and Kendall’s”® coefficient of rank correlation for the pooled 
data was y =0.32540,140 (f=2.33, P=0.02), indicating a 
significant age effect. The slope of the fitted line of least squares 
gives b = 0.0294+ 0.0099, so that the AG’ variant frequency 
increases by ~3+1 cells per 10° cells per yr. Interestingly, the 
two highest yields in the <45-yr age group were from blood 
samples from cigarette smokers, but almost equivalent yields 
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Fig. 1 The incidence of purine anaiogue-resistant variants in lymphocytes 
cultured in the presence of various concentrations of 8-azaguanine (@) or 
6-thioguanine (©). In these and the other reported experiments, lympho- 
cytes were separated by underlaying 3-ml aliquots of heparinized whole 
blood with 8 ml of Ficoll-Hypaque {10:5:2 of 12% Ficoll, 34% Hypaque 
and distilled water) and centrifuged jor 15 min at 600g. The WBC layer was 
removed, washed twice with phosphate buffered saline and the cells resus- 
pended in RPMI 1640 medium with 12.5% fetal calf serum, 1.8% PHA 
(Wellcome), 1% glutamine, 100 wg streptomycin and 100 U pencillin. 
Duplicate sets of 5-m! cultures containing 2-3 x 10° lymphocytes were set 
up, one with and one without 8-AG or 6-TG, and incubated at 37 °C for 
40 h. °H-thymidine at 1 pCi ml” (specific activity 18 Ci mmol") was added 
to all cultures 12h before collection. The procedure then followed that 
described by Strauss and Albertini, including repeated syringing of resus- 
pended pellets in small volumes of methanol/acetic acid (5:1) fixative using a 
25-gauge spinal needle fitted to a 1-ml syringe to give free nuclei. Suspended 
nuclei were dropped onto clean microscope slides, air-dried and stained with 
carbol fuchsin (3% in ethanol) before being dipped in L4 liquid emulsion and 
exposed in the dark at 4°C for 72~96h. As the work involved counting a 
considerable number of nuclei (up to 5 x 10° in some experiments), use was 
made of an automated computer image analysis system to count the total 
numbers of nuclei on the slides to be scored and the coded slides were then 
analysed by one observer by high-power light microscopy to obtain a count 
for the number of labelled nuclei. For all paired treatments the incidence of 
labelled nuclei was then determined as a labelling index and the variant 
frequency (Vf) was calculated as 


labelling index in the presence of AG 
labelling index in the absence of AG 








were found in non-smokers and the limited numbers in our 
sample prevented any useful analysis of this parameter. 

The incidence of ‘spontaneous’ and environmentally induced 
mutations in the somatic and germ-line cells of an individual 
would be expected to increase with increasing age and there is 
good evidence for an increased incidence of mutations trans- 
mitted to offspring in several studies on human populations”. 
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Our results now provide evidence for an age-related increase in 
‘mutation’ frequency in man’s somatic cells. Ageing is associated 
with an increasing frequency of hypodiploid blood lymphocytes 
which in males consist largely of cells lacking the Y chromosome 
and in females of cells lacking an X chromosome, usually the 
inactive X ****, Ageing is also associated with smaller increases 
in the frequency of gross chromosomal structural aberrations 
(H.J.E., unpublished data), although aberration frequencies are 
of the order of 0.01 per cell whereas in ageing females more 
than 10% of the peripheral lymphocytes may be hypodiploid. 
Loss of an active X and consequent depletion of HPRT would 
result in the expression of an AG’ phenotype. As the incidence 
of AG" lymphocytes is the same as between males and females, it 
seems more likely that a significant number of mutant AG‘ cells 
may be deficient for functional HPRT due to deletion or struc- 
tural change at the HPRT locus. The gene is located in the 
terminal band (q27) of long arm of the X chromosome’’, so that 
all deletions involving this arm will result in the loss of the HPRT 
locus. If breakage sites are distributed between chromosomes in 
proportion to their length, 1/40th of such sites would be in the X 
chromosome in a male cell and some 60% of these would be in 
the long arm (Xq). With a deletion incidence of ~0.01 per cell, a 
deletion of the terminal region of Xq should therefore occur at a 
frequency of ~1.2 x 10°“ per cell, a value comparable with the 
observed incidence of AG" cells. In a study of G-banded 
chromosome preparations from individuals aged 60-90 yr we 
have identified a single Xq deletion in 2,131 cells—~a frequency 
that again accords with the conclusion that the AG‘ lymphocytes 
in vivo are probably cells with a deletion of Xq. 


Induction of AG’ variants and SCEs 
following exposure to mitomycin C 


Lymphocyte cultures were exposed to different concentrations 
of MMC for different time periods (see Table 1). Within each 
treatment time of 1, 5 and 10 h, the yield of MMC-induced AG‘ 
variants increased with MMC concentration, each dose- 
response curve being of the form y = a + Bd, where y = variant 
frequency, a = control frequency of 8.38+0.37 (x107*) and 
d =[MMC]°”*. Least squares analysis gave values of 81, Bs and 
Bio, respectively, of 0.8340.21, 0.9240.15 and 1.06+0.13. 
Although the product of MMC concentration and exposure time 
would, for certain combinations, be equivalent between the 
three sets of data, the effective concentration of MMC decreases 
with time in culture such that for a given variant frequency, a 
quadrupling of exposure time is equivalent to a halving of the 
initial concentration of mutagen. The maximum increase in AG’ 
variant frequency is around 12-fold at the highest MMC 
concentrations, but significantly increased frequencies are 
evident following exposures to low doses, of the order of 10°°M, 
over short time periods. 

The data obtained in the parallel cultures on SCE incidence 
(Table 1) show the very much higher frequencies of induced 
SCEs relative to induced AG’ variants per cell, but the shapes of 
the dose-response curves for the two end points are very similar. 
Least-squares analysis of the SCE data fitted to y =a + Bd gave 
a value of a = 7.63+0.19 and the slopes of 8,, 8; and Bio were, 
respectively, 0.53 + 0.03, 0.60+0.03 and 0.81 +0.06. 

The similarities in the kinetics of response to AG resistance 
and SCE induction are shown in Fig. 3 where each datum on 
AG’ variant frequency per cell has been multiplied by a factor of 
710° and plotted against SCE frequency per cell. The resul- 
tant plot gives an excellent fit to a line of unit slope, indicating 
that for every induced AG’ variant in the cell population there 
are some 7,000 induced SCE events. If the AG resistance 
involves an alteration on a single X chromosome, because that 
chromosome represents some 2-3% of the total chromatin per 
male cell”*, then for every event on an X chromosome that 
would result in an AG” cell there would be around 200 X- 
chromosome events that would yield SCEs. As SCE events may 
occur over almost the whole length of the chromosome, but 
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Table 1 Variant frequency and SCEs in human peripheral blood lymphocytes exposed to mitomycin C 








+Azaguanine 
Exposure Labelling 
Mitomycin C time Labelied Cells index 
concentration (h) cells counted (1073) 
Control 1 20 229,492 0.087149 
107M 22 248,372 0.088577 
10°°M 10 108,928 0.091804 
10°°M a! ou on 
Control 5 35 435,714 0.080328 
108M 24 178,621 0.134363 
107M 39 291,452 0.133813 
10M 24 225,397 0.106479 
Control 10 52 627,603 0.082855 
107° M 126 866,525 0.145408 
107° M 86 481,292 0.178686 
107M 84 576,284 0.145761 





~ Azaguanine 
Variant 

Labelled Cells Labelling frequency SCEs 

cells counted index (x fo74) per cell 
514 §,000 0.1028 8.48 = 1.93 7820.31 
94 5,000 0.0188 47,12=11.20 318% 1.11 
44 5,000 0.0088 104.32 + 36.40 65.0% 1.94 
469 5,000 0.0938 85651.50 7420.34 
223 5,000 0.0446 30.1326.47 19,640.77 
126 5,000 0.0252 $3.10%9.73 38.5% 1,23 
50 §,000 0.0100 106.48 = 26.30 70.2%2.23 
509 5,000 0,1018 8.142119 7,720.33 
453 5,000 0.0906 16.05% 1.61 16.6% 0,82 
233 5,000 0.0466 38.34 24.83 30,941.43 
110 5,000 0.0220 66.26 +9.61 45.24 1.46 


ree a i 

The cells used were separated lymphocytes from 10-20-mi samples of blood from a single donor exposed to MMC at the time of culture initiation. They were washed after 
treatment and transferred to fresh medium containing PHA, with or without 8-AG, for 40 h at 37 °C and treated and processed as described in Fig. 1 legend. To determine 
SCE frequencies, a third set of cultures was set up following exposure to MMC, using complete medium containing 25 uM bromodeoxyuridine and these were collected 


after 72 h and slides stained to give harlequin-stained chromosomes”. 


alterations at, or associated with, the HPRT locus to give an 
HPRT™ phenotype would be localized to only a small region, the 
numerical association between induced SCE events and AG’ 
variant induction is quite striking. This, however, does not imply 
a common mechanism for these two end points, but may simply 
reflect the fact that both types of event are consequences of the 
interaction of MMC with the cellular DNA. 

Carrano et al.” have also reported a positive linear cor- 
relation between SCE and AG” induction in Chinese hamster 
fibroblasts exposed to MMC: calculations on their data imply 
some 5 x 10° SCE events for each induced AG‘ cell—a relative 
variant incidence some two orders of magnitude less than in the 
present human lymphocyte experiments. Studies on spon- 
taneous mutation rates to AG’ in cultured human fibro- 
blasts!”?’, and to TG‘ in human lymphoblastoid cells”, give 
values of 5X 107°-5 x 107° per cell generation, although both 
higher and lower values have been reported for other cell 
systems”’*°, The reported’ spontaneous frequency of TG‘ 
lymphocyte variants of 1.3 x 10~* and our values of 8 x 107°~8 x 
107* for AG” variants seem too high to reflect mutational events 
at a single locus, but, as we have seen, they are consistent with 
the notion that many of these spontaneous variants lack part of 
an X chromosome. 

Although the spontaneous AG" variants may be a 
consequence of chromosomal aberration or loss, such changes 
cannot be responsible for AG‘ cells induced following MMC 
treatment, because cells identified as AG‘ are transformed by 
PHA and pass through the G, into the S phase, whereas normal 








cells are blocked in G;. However, the development of 
chromosomal aberrations following exposure to MMC occurs 
during the S phase and not before it*’; moreover, chromosome 
loss could only occur at mitosis, long after cells are identified as 
AGF cells. Similarly, induced variants are not base loss or 
substitution mutants at the HPRT locus following misreplication 
of damaged DNA at the S phase, although such changes might 
occur following DNA misrepair in G,. What, then are these 
variants? 

The true nature of the induced AG’ variants can only be 
clearly ascertained by studying their progeny: unfortunately, 
PHA-transformed lymphocytes normally have a limited lifespan 
in culture, so that this is not a practical proposition. However, 
there is a wide phenotypic diversity among purine analogue- 
resistant mammalian cells embracing variants with different 
mutations at the HPRT structural gene, or in associated regula- 
tory loci”, as well as unstable cells with high reversion rates and 
considered to be ‘non-mutant’’. If the MMC-induced AG" 
lymphocytes are not true mutants, an appealing possibility is 
that they represent cells in which MMC alkylation had occurred 
at sites on the HPRT locus where the large MMC~guanine 
adduct prevented transcription of the locus to give functional 
HPRT—and hence allowed the cells to survive in the presence of 
AG. Some of these hypothesized transcriptional blocks could 
well lead to mutation following replication, but this is not 
necessarily so. The transcriptional block hypothesis is not easy 
to test, but one approach would be to examine the response to 
AG’ induction in these G, cells by other mutagens. 
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Fig. 2 AG’ frequencies in blood lymphocytes of individuals of different ages. 
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Table 2 Variant frequency in human peripheral blood lymphocytes exposed to X rays 











+Azaguanine ~ Azaguanine 
Labelling Variant 
Radiation Labelled Cells index Labelled Cells Labelling frequency 
dose cells counted (x 1074) cells counted index (x 1074) 

Expt I 

Control 72 454,777 0.158319 1,003 5,000 0.2006 7,89 + 0,96 

50 rad 109 676,089 0.161221 890 5,000 0.1780 9.06 +0.92 

100 rad 58 328,998 0.176292 464 5,000 0.0928 19.00+2.56 

200 rad 44 241,749 0.182006 230 5,000 0.0460 39.56£6.77 

400 rad 35 231,676 0.151073 130 5,000 0.0260 58.104 12,74 
Expt N 

Control 89 533,180 0.166923 1,160 5,000 0.2320 7.19+0.78 

40 rad 115 715,109 0.160815 1,020 5,000 0.2040 7.88+0,77 

80 rad 151 849,436 0.177765 820 5,000 0.1640 10.84 + 0.96 

120 rad 151 726,107 0.207958 610 5,000 0.1220 17.05 + 1.56 

160 rad 131 556,885 0.235237 480 5,000 0.0960 24.50 +2.37 

200 rad 114 $10,800 0.223179 320 5,000 0.0640 34.87 +3.88 





Two separate experiments were carried out using separated lymphocytes from a single blood donor. The cells were exposed to a graded series of X-ray doses (at 183 rad 
min™' from a Siemens Stabilipan 300 kV; HVL 3.1 mm Cu at 12 mA with Thoraeus | filter) at the time of culture initiation, were transferred to fresh medium containing 
PHA, with or without 8-AG, for 40 h at 37 °C and processed as described in Fig, 1 legend. 


Induction of AG’ variants following X-ray 
irradiation 


Two groups'*’” have studied the induction of TG’ and AG’ 
mutants following exposure of human fibroblast cultures to X 
rays and report similar linear dose-response curves and muta- 
tion rates of 2.1 x 10°’ and 3.1 x 107 per viable cell per rad. At 
50 rad the mutation frequency was about twice the spontaneous 
level and at 200 rad was increased four- to sixfold. In an 
experiment on AG’ incidence in X ray-irradiated lymphocytes 
(Table 2), we observed no significant increase following 
exposure to 50 rad, but did so at higher dose levels, The best fit 
to a linear dose response gave an induced variant rate of 
1.25 x 107° per rad, but the data give a better fit to the power law 
function y=a+ 6d", with n=1.4. This curvilinearity was 
investigated further in a second experiment (Table 2) where the 
inclusion of additional dose points emphasized the curvilinear 
nature of the response, the data fitting a quadratic with negligi- 
ble linear term, or a power law function with n = 2.1. Assuming 
n =2, then a =6.90+0.11 (x107) and B = 6.81 +0.20 (x10). 

The X-ray results show that: (1) significant increases in AG‘ 
variant lymphocytes occur following exposure to quite low doses 
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Fig. 3 SCE frequency per cell plotted against AG’ frequency per cell 

multiplied by 7 x 10°. The close fit of the experimental points to a line of unit 

slope indicates that over the range of doses and treatment times with MMC 

there are 7,000 SCE events for every single event resulting in an AG‘ 
phenotype. 


o 
o 








Tena aneneen yt = 
f ; ; z 
s m jl: 
i Aberrations | ff} D 
Xg eas | if? 06 & 
3 a 
a = 
£05 K D5 S 
& i 5 
5 A = 
> 0 25h a 4025 & 
y 
o C i a Pd 
pe 
pe 








TEE NES E VEEE A EA p P ARS 
0 254050 80100120 160 200 
X-ray dose (rad) 


Fig.4 AG' variant frequencies per lymphocyte versus X-ray dose (—@—) 

compared with aberration frequencies in X ray-irradiated lymphocytes 

(--Cl--), The aberration frequencies are from Lloyd et al.” and include totals 

of fragments, centric rings and dicentrics, with the dicentric incidence 

doubled to account for equal numbers of undetected translocations (see ref. 

37). The AG' frequencies have been multiplied by a factor of 250 for direct 
comparison with the aberration frequencies. 


of X rays; (2) the dose response is curvilinear over 0-200 rad and 
approximates to a square law; (3) the kinetics of dose response 
for the induction by X rays of AG" variant lymphocytes is 
remarkably similar to that for the induction of chromosome 
aberrations in lymphocytes (Fig. 4); (4) the rate of induction of 
AG‘ lymphocytes is some 40 times that for AG’ fibroblasts, but 
is similar to mutation rates in human/hamster hybrid fibroblasts 
where mutant fitness does not influence mutant yield**; (5) 
X ray-induced AG’ variants, in contrast to MMC-induced vari- 
ants, are unlikely to be due to transcriptional blocks, but are 
more probably true mutations. 

Cox and Masson’* have shown that some 40% of X ray- 
induced TG’ fibroblasts have stable X-chromosome aberrations 
(for example, deletions, translocations) whose location is 
consistent with the mapped position of the HPRT locus on the X 
chromosome. It seems probable therefore that most X ray- 
induced purine analogue-resistant mutants are associated with 
two types of gross structural change: those resulting in break- 
age of the X chromosome proximal to the HPRT locus, leading 
to loss of the gene at mitosis, and those resulting in breakage or 
damage directly at the locus itself. As the lymphocyte experi- 
ments involve no mitosis between X-ray irradiation and AG" 
expression, direct damage to the HPRT locus seems the more 
likely. The relationship between the induction of chromosome 
aberrations in lymphocytes and X-ray dose is curvilinear****, 
with exchange aberrations increasing as approximately [dose]? 
and deletions as approximately [dose]'*. Much of the published 
data relate only to unstable aberrations, but in Fig. 4 published*® 
dose-response data have been corrected to include all sym- 
metrical interchange events, and the response curves for AG* 
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and aberration induction are seen to be similar in shape, with 
roughly one AG‘ event for every 250 or so aberrations. Break- 
age sites are distributed in proportion to chromosome length so 
that some 2.5% occur in the X chromosome; thus, there are 
approximately six visible X-chromosome breaks for every vari- 
ant induced. Our own studies of the total aberration spectrum in 
G- and R-banded lymphocyte chromosomes?” from cells 
exposed to 200 rad of X rays reveal 150 breakage points in every 
100 cells. At this dose there are 35 AG’ variants in 10° cells, or 
35 variants per 15,000 breaks, that is, ~10 visible X- 
chromosome breaks for each variant. 


Concluding comments 


We have shown that the incidence of peripheral blood lympho- 
cytes resistant to normally toxic levels of 8-azaguanine (AG‘ 
cells) increases with the age of the blood donor, is independent 
of sex and may well reflect the presence of cells with deletions of 
the terminal region of the X chromosome which contains the 
HPRT locus. Jn vitro exposure to MMC markedly enhances the 
incidence of AG" lymphocytes in a dose-dependent fashion and 
the rate of increase parallels the increasing incidence of induced 
SCEs. The high frequency of these MMC-induced AG” cells and 
the fact that purine analogue resistance is expressed before the 
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Immunocytochemical localization of glutamic 
acid decarboxylase in monkey striate cortex 
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Neuronal cell bodies and synaptic terminals positive for glutamic acid decarboxylase, the enzyme responsible for 
synthesizing y-amino butyric acid, have been located by immunocytochemical staining in all layers of the macaque monkey 
cortex. In layers II and III the staining pattern of periodic dots is identical with that seen in sections stained for cytochrome 
oxidase. The rows of dots run parallel with the ocular dominance columns, suggesting that the labelled neurones are 


preferentially related to each eye. 


y-AMINOBUTYRIC ACID (GABA) functions as an inhibitory 
neurotransmitter in the mammalian cerebral cortex including 
the visual cortex'*. We have localized the GABA-synthesizing 
enzyme glutamic acid decarboxylase (GAD) in monkey striate 
cortex and mapped the distribution of neuronal cell bodies and 
synaptic terminals positive for GAD (GAD*). Primate striate 
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cortex has the advantage of being precisely laminated and has 
well characterized inputs and outputs”. Standard light micro- 
scopic immunocytochemical techniques were used”, with an 
antiserum to mammalian GAD which has been extensively 
characterized’”’. We have found that ali cortical layers contain 
both neurones and synaptic terminals which are GAD”, but in 
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different quantities. No variation in the distribution or number 
of GAD” terminals was found in layer IVC which would cor- 
respond to the ocular dominance columns", but in layers II and 
HI a 375-pm periodic repeat of GAD* dots arranged in rows 
was found. When the same brains were histochemically stained 
for the mitochondrial enzyme cytochrome oxidase’!?, the 
laminar density and distribution of cytochrome oxidase staining 
was the same as for GAD and an identical pattern of dots in rows 
was found in layers II and IIL. 


Experimental procedure 


Primary visual or striate cortex from four normal Macaca 
fascicularis monkeys was studied. In one animal the left eye was 
injected with 3 mCi of a mixture of *H-proline and fucose 14 
days before the animal was killed, to label the cortical ocular 
dominance columns by transynaptic transport’®. In two animals 
the striate cortex received 1-pl injections of colchicine 
(10 ug ul’) 1 day before they were killed to increase the GAD 
content of the neuronal cell bodies’. GAD immunocytochemi- 
cal and cytochrome oxidase staining methods are described in 
the legends of Figs 1 and 2. 

In sections cut perpendicular to the cortical surface (Fig. 1), 
the layers were strikingly outlined in the anti-GAD-incubated 
sections; sections incubated without specific anti-GAD serum 
showed no staining (Fig. 1a). All layers contained GAD staining 





Fig. 1. Macaca monkey striate cortex with the layers numbered 
according to Lund”? on the far right of the figure. All monkeys were 
deeply anaesthetized and then perfused intracardially with phos- 
phate-buffered 4% paraformaldehyde, pH 7.4, or a phosphate- 
buffered mixture of 4% paraformaldehyde, lysine and sodium 
periodate, pH 7.4. The brain was postfixed for 4-24 h, small pieces 
of cortex were sunk in 30% sucrose in phosphate buffer and serial 
frozen sections cut both perpendicular and parallel to the cortical 
surface. For immunocytochemsstry, sections were incubated at 
25 °C overnight in anti-GAD serum 8 diluted 1/150 in phosphate- 
buffered saline, pH 7.4 containing 0.3% Triton and 1% normal 
sheep serum. This saline mixture was used subsequently for all 
antisera dilutions. After thorough rinsing, the sections were 
incubated in sheep anti-rabbit IgG serum diluted 1/10 for 30 min 
at 37°C, and then in rabbit peroxidase~antiperoxidase” diluted 
1/50 for 30 min at 37 °C. The peroxidase was visualized by reacting 
the sections for 20 min at 25 °C in diaminobenzidine and hydrogen 
peroxide. Some sections were then lightly counterstained with 
thionine. Control sections were identically processed with the 
specific anti-GAD serum replaced by normal rabbit serum. a,b, 
Frozen sections processed for immunocytochemistry where the 
primary serum incubation used was (a) normal rabbit serum or (b) 
specific anti-GAD serum. In b all layers contain GAD* synaptic 
terminals, but the amount varies between layers. In layers IT and HI 
periodic 375-pm variations in density (b, arrows) are found. x39. c, 
Schematic representation of the differences between layers in the 
density of GAD* synaptic terminals. d, Schematic representation 
of the laminar distribution of GAD” neuronal cell bodies; this 
drawing is based on many different sections from colchicine- 
pretreated cortex. 
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Fig. 2 Photomicrograph from layer IVC in a section reacted with 

specific anti-GAD serum. Many cell bodies do not stain (*) but are 

outlined by GAD“ terminals. Two GAD” cell bodies show stained 

cytoplasm but an unstained nucleus (N) and are surrounded by 

GAD* terminals (arrows). The neuropile also contains many 
GAD” beaded processes and terminals. x840. 


but the intensity of labelling varied with the layer. The shifts in 
density corresponded to the laminar boundaries*"* identified in 
thionine-stained sections. Under higher power (Fig. 2), the 
GAD staining was localized to cell bodies, beaded processes and 
small round densities which resembled synaptic boutons. Ribak’ 
has shown in electron micrographs of GAD-stained rat visual 
cortex that these densities are synaptic terminals synapsing on 
cell bodies and dendrites. Because our preliminary electron 
microscopy has confirmed this finding for the monkey, we shall 
provisionally call these small densities terminals, There was no 
difference in laminar staining of central to mid-peripheral 
retinal representation in cortex; far-peripheral cortex was not 
examined, 





Fig. 3 a, A section cut parallel to the cortical surface passing 
through layers II and III which has been reacted in specific anti- 
GAD serum. An orderly pattern of dots aligned into rows can be 
seen (arrows). x8.5. b, An adjacent section stained for cytochrome 
oxidase by a 16-h incubation at 37°C in phosphate-buffered 
diaminobenzidine and cytochrome ct}? pH7.4. The same 
pattern of dots aligned in rows is found. Compare the rows marked 
by the arrows in the two sections; >80% of the dots in these two 
sections directly superimpose on one another. <8.5. 
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Distribution of GAD* terminals 


As judged by both eye and photodensitometry, the upper halves 
of layers I, IVA and IVC were the most heavily labelled, IT, HI 
and VI slightly less so, and lower I, IVB and V were quite lightly 
labelled (Fig. 1b,c). The labelling in layer I was uniformly 
distributed and consisted of small, round GAD* terminals in no 
obvious pattern. In all the other layers the labelling showed two 
patterns: GAD* beaded processes run parallel or perpendicular 
to the cortical surface, and GAD* terminals encircle both 
unstained and GAD* cell bodies (Fig. 2). Most of the GAD* 
terminals are ~1 ym in size, but occasionally there are clusters 
of much larger, 3~5-m terminals. GAD* terminals continue at 
least 50 wm into the white matter below the most inferior layer 
VI neurones. 

Some GAD-reacted sections from the °*H-proline and fucose 
eye-injected monkey were coated for autoradiography, using 
Kodak NTB2 emulsion and 3-4-month exposures. Ocular 
dominance columns were apparent in layer IVC, but no 





Fig. 4 Sections of striate cortex cut parallel to the cortex surface 
from the monkey whose left eye had been injected intravitrally 
with 3 mCi of equal parts 3H-proline and fucose 14 days before it 
was killed. The sections were first stained for cytochrome oxidase 
and then processed for autoradiography. In a the labelled ocular 
dominance columns from the left eye are visible in the dark-field 
photomicrograph as periodic repeats in IVC. In b this bright-field 
picture shows the same cytochrome oxidase-stained section. Layer 
IVC is darkly stained. Layer III and above contains periodic rows 
of dots. c, A drawing based on a short series of these doubly 
processed sections. Layer IVC contains alternating left eye- 
labelled (solid black), right eye-unlabelled (white) ocular 
dominance columns. Beginning at layer IVA rows of cytochrome 
oxidase (or GAD") dots lie at regular 350-400-y.m intervals. The 
rows are schematically represented here; rows related to labelled 
columns are solid lines while rows related to unlabelled columns 
are dotted lines. There is one row for each column, running parallel 
to the axis of the column approximately along its centre. The three 
ocular dominance columns marked by arrows each became a 
continuous band in this series; all three ran parallel to the rows of 
dots. The ocular dominance columns and rows of dots related to the 
unlabelled eye were stained slightly darker in this monkey, possibly 
indicating some complication in the eye injection which was 
reflected by decreased cytochrome oxidase activity in cortex. 


differential density of GAD* terminals could be seen at either 
the column edges or centres, confirming the results from the 
other three animals. In all four monkeys a periodic repeat of 
GAD* density was seen in layers II and III under low power 
(Fig. 3a; also see Fig. 16 arrows). This pattern consisted of fairly 
discrete dots arranged in rows formed by less dense connections 
between the dots. Along the rows the dots had a centre-to- 
centre spacing of 466 + 75 um with the rows 378 + 55 um apart. 
Under higher power it was apparent that the dots were formed 
by GAD" cell bodies and a high density of GAD* terminals. In 
adjacent sections stained for cytochrome oxidase (Fig. 3b), an 
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identical pattern of dots in rows was found. More than 80% of 
the GAD* dots superimposed on the cytochrome oxidase dots in 
an adjacent section. When cortex sections from the *H-pro- 
line/fucose eye-injected monkey were first stained for GAD or 
cytochrome oxidase and then processed for trans-synaptic 
autoradiography, the rows of dots in layer I ran parallel to the 
centres of the ocular dominance columns in layer IVC (Fig. 4). 


Distribution of GAD* cell bedies 


Neuronal cell bodies have been considered to be specifically 
stained if they show an unstained nucleus with neuronal charac- 
teristics and a heavily stained cytoplasm with a sharp cellular 
outline (Fig. 2,N). In the two brains which received no col- 
chicine, there were very few GAD” cell bodies in layers I-IVC, 
but in layers V and especially VI, regularly spaced GAD" 
neurones 15-20 um in diameter were found. Small GAD” cell 
bodies 8-10 um in diameter lay in the lower edge of VI or in the 
white matter just under VI. In the two brains receiving col- 
chicine injections, there was a striking increase in the number of 
GAD* cell bodies, especially in layers I-IV. Even if our material 
is an underestimate because of the technical limitations inherent 
in these in vivo colchicine injections, our experiments indicate 
that monkey striate cortex contains many GAD" neurones 
ranging in size from 9 to 30 pm. GAD* neurones occur in every 
cortical layer and most appear to be various types of stellate 
neurone. Their distribution is schematically presented in Fig. 1d. 
In all layers some GAD* neurones receive GAD" terminals 
onto their cell bodies or dendrites. Most unstained cell bodies 
are outlined by GAD” terminals in all layers. 


Conclusions 


Three findings emerge from this study. (1) The striate cortex of 
Macaca monkeys is very rich in both GAD” cell bodies and 
synaptic terminals. Unlike rat visual cortex’, there are clear 
laminar differences in the distribution of both GAD’ cell bodies 
and synapses. (2) There is a striking similarity between GAD 
distribution and cytochrome oxidase staining. Wong-Riley’'"* 
first pointed out the good correlation between cytochrome 
oxidase staining, GABA or GAD content and iron concen- 
tration in regions like cerebellum and basal ganglia. She sugges- 
ted that inhibitory GABAergic cells are mitochondria-rich, 
energy-dependent cells which stain especially heavily for the 
haem enzyme cytochrome oxidase. This agrees with an earlier 
study’* where the nerve terminals which became labelled after 
exposure of rat brain homogenates to “H-GABA were charac- 
terized by a high density of mitochondria within their cytoplasm, 
Our data support these suggestions and provide more direct 
evidence that cytochrome oxidase staining may be largely local- 
ized to GABAergic neurones. (3) The cytochrome oxidase and 
GAD* pattern of rows of dots in layers II and IT is identical to 
that shown in Macaca striate cortex using 2-deoxyglucose 
labelling’* in which similar rows of dots are parallel to the ocular 
dominance columns. In this study, sectiens doubly processed for 
GAD or cytochrome oxidase and trans-synaptic autoradio- 
graphy also reveal that each row of dots is aligned parallel to the 
centre of each ocular dominance column. It therefore appears 
that there are rows of GAD* inhibitory neurones in 
supragranular Macaca striate cortex which may be pref- 
erentially related to each eye. 
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Measurements of a solar 
flare-generated shock wave at 13.1 R, 
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Most information on interplanetary shock waves generated by 
solar flares has come from in situ measurements near 1 AU and 
beyond’™, and little is known about the structure near the Sun. 
We report here the first measurements of the structure of wind 
speed, electron density and electron density fluctuations of a 
shock wave propagating through the acceleration region of the 
solar wind. The radio-scattering observations consisting of 
spectral broadening, mean phase and amplitude scintillations 
were made on 18 August 1979, 13.1 R, east of the Sun and near 
the ecliptic plane using the Voyager 1 2.3- and 8.4-GHz radio 
signals. The results show that the shock wave had a shock speed 
of ~3,500 kms~'. When compared with the average speed 
based on its transit time to 1 AU, it is seen that substantial 
deceleration took place as the shock wave propagated outwards 
from the Sun, a result that is consistent with a blast wave’. 
Figure 1 shows the view of Voyager 1, which was 7.03 AU 
from the Earth, and the Sun as seen from the Earth on 18 August 
1979. It is clear that the Voyager 1 radio path was ideally 
positioned for studying the shock wave which was apparently 
generated by a solar flare located at N09 E90 (ref, 5). The 


longitudinal extent of the interplanetary disturbance was large - 


because the shock was measured 90° away near 1 AU by the 
ISEE-3 magnetometer at 05.50 UT on 20 August (E. J. Smith, 
personal communication). The average shock speed based on 
the transit time to ISEE-3 is 1,053 km s™'. A type II radio burst 
associated with this shock wave was also tracked in the 30 kHz~2 
MHz frequency range by the radioastronomy experiment on 
ISEE-3 (ref. 5). 

The results presented here are derived from the bandwidth- 
reduced digitally recorded data of the ‘open-loop’ receivers at 
the 64-m NASA Deep Space station located in Goldstone, 
California’. The 2.3- and 8.4-GHz signals were recorded in 
bandwidths of 1 and 3 kHz. respectively. For studying the 
amplitude scintillations and mean phase, these signals were 
further reduced to 100 Hz using a digital phase lock loop 
procedure’. 

The radio measurements and the inferred results are sum- 
marized in Figs 2 and 3, respectively. Shock arrival occurs at 
~ 15.01 UT, and based on the transit time from the Sun to 13.1 
Ro, we obtain a shock speed of 3,509 km s~". The time histories 
of spectral broadening”? of bandwidth B at 2.3 and 8.4 GHz for 
1-min integration times are shown in Fig. 2a. B is the full width 
between frequencies enclosing half the area under the radio- 
frequency spectrum. The pre-shock bandwidth at 2.3 GHz is 
~ 1 Hz and is consistent with previous measurements of the 
quiet solar wind*. During shock passage the bandwidths increase 
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Fig.1 View of Voyager 1 and the Sun as seen from the Earth on 
18 August 1979. 
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Fig. 2 Voyager 1 radio-scattering observations as a function of 
UT on 18 August 1979. a, Spectral broadening bandwidth B at 2.3 
and 8.4 GHz. b, Variance o$ of the log-amplitude scintillations at 
8.4 GHz. The arrow shows the o level at 17.40 UT. c, Difference 
between the 2.3 GHz and 3/11 of the 8.4-GHz phases. 


considerably and two regions of enhanced bandwidth are 
observed. Although such transient events are rare during the 
solar minimum portion of the solar cycle, they have been 
observed previously around the solar maximum”, By examin- 
ing the frequency dependence? of B at 2.3 and 8.4 GHz we find 
that the average spectral index p of the three-dimensional 
power-law spatial wavenumber spectrum is 3.66 with a standard 
deviation of 0.11. The density spectrum, which is essentially 
Kolmogorov, is steeper than the quiet Sun spectrum for similar 
scales in this region of the solar wind'’, but consistent with other 
measurements during disturbed solar wind conditions'’. 
Bandwidth increases are caused by enhancements in turbulence 
(electron density fluctuations) or acceleration of the solar wind”. 
These two effects can be separated by analysing the amplitude 
scintillations. 

The time history of the variance, a2, of the log-amplitude 
scintillations at 8.4 GHz is shown in Fig. 2b. For weak scin- 
tillations (a2 « 1), g? is related to the scintillation index m by 
o? =m?/4. The amplitude scintillations at 2.3 GHz are not 
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useful during shock passage because they are strong and 
saturated. The structure constant c, of the refractive index 
fluctuations which characterizes the strength of the turbulence 
has been inferred from the 8.4-GHz scintillations and is shown 
in Fig. 3a. The corresponding scale for c,,, the structure constant 
for electron density fluctuations, is shown on the right. A 
spherical wave radio analysis has been used to interpret the 
scintillations'”. Before shock arrival c,, is assumed to vary as R? 
(R is heliocentric distance) along the radio path’*. As the shock 
crosses the radio path, we assume that the contribution to o% 
along the radio path outside the shock remains the same, and 
attribute the excess of the observed g? to a uniform distribution 
of c, within the shock. The extent of the radio path traversed by 
the shock is defined by assuming that the shock is spherical in 
shape, emanates from the surface of the Sun and travels at a 
speed of 3,509 kms’. Figure 3a indicates that there are two 
regions of enhanced small-scale electron density fluctuations, 
corresponding to the two regions of increased spectral broaden- 
ing. In these regions the turbulence representing scale sizes 
smaller than the-Fresnel size (73 km at 8.4 GHz) increases by a 
factor of 3.7. 

Two methods are used to deduce the solar wind flow speed (v) 
profiles shown in Fig. 35. The log-amplitude scintillations are 
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Fig. 3 Measurements of the shock wave inferred from the radio 
observations of 18 August 1979 shown in Fig. 2. a, Strength of 
turbulence as characterized by the structure constants c, and Cu, of 
refractive index and electron density fluctuations, respectively. The 
results for c, are for 8.4 GHz. b, Electron density ne c, Solar wind 
flow speed, v, as deduced using two methods (see text). The arrow 
corresponds to the flow speed measured at 17.40 UT. d, Ratio 
Tne ne in per cent, where o, is the r.m.s. electron density fluctua- 
tion in scales smaller than the X-band Fresnel scale (73 km). 
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spectrum analysed in 1-min intervals so that velocity can be 
determined for these times from the location of the ‘knee’ or 
Fresnel cutoff using a spherical wave radio analysis’*. Although 
this method has considerable uncertainties when applied to 
quiet observations near the Sun because of the rounding of the 
knee due to fluctuations of the order of the mean’, it is useful in 
the case of the shock wave because the mean speed is large and 
velocity fluctuations are not significant. Generally, the correla- 
tion of multiple station intensity scintillations is the preferred 
radio method for measuring solar wind speed''*. Near the 
shock front, two knees are present in the spectra, one due to the 
shock and the other to the slower ambient wind outside the 
shock. In these cases the higher velocity is always plotted. In a 
few instances around 15.00 UT, velocities could not be 
estimated due to the smearing of the knee by a rapidly rising 
velocity. At 15.58 UT the wind speed decreases quite abruptly. 
In this region the spectra again show two peaks. For these cases, 
however, the slower speed is chosen because it is clear from the 
level of the spectrum that it is due to a slowing of the flow speed 
along a radial cut through the shock and not to the slower 
ambient solar wind outside the shock. 

The second method for estimating velocity involves using the 
measurement of g? to remove the effect of turbulence from the 
spectral broadening observation in order to solve for velocity. 
This method requires that p be known. As this has been deter- 
mined to be Kolmogorov, we can use the relationships that have 
been derived for a spherical wave‘. The velocity profile inferred 
using this method is also shown in Fig. 3c. The agreement 
between the two independent methods is remarkable. When two 
velocities are present, the spectral broadening technique senses 
the faster one. This explains why this method gives correct 
estimates near the shock front but incorrect estimates beyond 
15.56 UT. 

As the shock crosses the Voyager radio path the flow speed 
rises sharply from 200 to 2,600 km s”', a factor of 13. Near the 
peak the velocities are fairly well determined and we estimate 
that the 2,600 kms” measurement is accurate to within 20%. 
Elsewhere, the differences between the two curves in Fig, 36 
probably represent the uncertainties in the velocity deter- 
mination. Because the gross variation in velocity is substantial, it 
is easily recognizable and measured in spite of the uncertainties. 

The final observation is phase at 2.3 GHz shown in Fig. 2c. 
This is formed by taking the difference between the $ band and 
3/11 (the frequency ratio of S and X bands) of the X-band 
phases’®. During the phase lock loop procedures mentioned 
earlier, the S-band phase is non-coherently estimated using the 
X-band phase as a guide in the loop. In this way, any 27 
ambiguities due to tracking errors are minimized. Because 
‘absolute’ phase was not measured, Fig. 2c represents only the 
change in total electron content. We have deduced the electron 
density profile in Fig. 3b in the following manner, At 13.1 Ro, we 
assume that the electron density n, = 1.5 x 10° electrons per m°. 
Before shock arrival we calculate the total electron content 
assuming a R~* dependence for ne. As the shock crosses the path 
we assume that the contribution to the total electron content 
outside the shock remains the same and attribute the excess of 
the observed electron content to a uniform distribution of n, 
inside the shock. The extent of the shock is defined in the same 
way as that used for deducing c,. Note that this inversion scheme 
used to obtain both c, and n, is most accurate near the shock 
front. Further back in the wake it becomes less accurate because, 
strictly speaking, c, and n, are not uniformly distributed along 
the radio path inside the shock. Nevertheless, it is a reasonable 
approximation and the general profiles for ¢, and n, should not 
be significantly affected. We note that the peak density increases 
by a factor of ~3.7 over the pre-shock value and is consistent 
with the theory for a strong shock’*. As expected for a shock 
wave, the peak in the turbulence characterized by c,, lags the 
peak in mean electron density. 

Using the Rankine-Hugoniot relationships'*, pre-shock 
values of n, = 1.5x10° electrons per m° and v = 200 kms, 
post-shock values of n,=5.5x10° electrons per m” and 
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v = 2,600 km s”’, we compute a shock speed of 3,500 km So; 
which is consistent with the shock speed of 3,509 kms”! obtained 
from the transit time to 13.1 R5. According to time delay radio 
measurements’ ’, electron densities in the solar wind at 13.1 Ro 
may be as high as 3x 10° electrons per m°. We have derived 
density profiles similar to Fig. 3b corresponding to 2 x 10° and 
3x 10° electrons per m’, and obtained shock velocities of 3,660 
and 4,320 km s™', respectively. The fact that these shock speeds 
are higher than 3,500 km s™* indicates that some acceleration 
could have taken place between the Sun and 13.1 Ro. This 
behaviour has been observed in white light coronograph 
measurements’, although shock speeds as high as 3,500 kms”? 
seem to be very rare *'". Questions do arise about the location 
of the shock fronts in the white light coronograph pictures”° and 
simultaneous measurements with radio-scattering observations 
would be desirable. It is clear that the shock speed inferred from 
the Rankine~Hugoniot relationships has a rather high 
uncertainty because of two factors. First, the 20% accuracy in 
the flow-speed estimate translates approximately into a 20% 
accuracy in the deduced shock speed. Second, the uncertainty in 
the pre-shock electron density also leads to inaccuracy in the 
inferred shock speed. For example, by increasing the pre-shock 
electron density to 2 x 10° and 3 x 10° electrons per m° we find 
that the shock speed increases by 5 and 23%, respectively. 

We have plotted ¢,,,/n. (Tn, is r.m.s. electron density fluctua- 
tions) in per cent in Fig. 3d. In this case ø„, has been computed 
for scale sizes smaller than the Fresnel size at 8.4 GHz (73 km). 
The fluctuations amount to several per cent before and after 
shock passage. It is interesting that this ratio shows a noticeable 
increase at about 15.35 UT. This represents the start of the 
second region of enhanced amplitude scintillations, and may 
correspond to the turbulent ‘driver gas’ of the shock wave. In 
contrast, the first region of enhanced amplitude scintillations 
corresponds to the compressed region of the shock wave. 

The radio data end at about 16.08 UT before the completion 
of shock passage. However, some data were collected for a few 
minutes around 17,40 UT and yield a wind speed of 320 kms”! 
and oy = 0.0225 at 8.4 GHz. These values, indicated by arrows 
in Figs 2b and 3c, show that the solar wind has almost returned 
to its pre-shock state. 

It is clear that radio-scattering measurements using spacecraft 
radio signals complement similar measurements using natural 
radio sources”’ and constitute a powerful tool for identifying and 
studying the detailed structure of coronal transients and dis- 
turbances. Plasma measurements of the 18 August shock wave 
were made by ISEE-3 at 1 AU. Information on shock speed 
beyond 13.1 Ro but still close to the Sun will also be available 
from the ISEE-3 type II radio-burst observations. Future stu- 
dies will correlate these measurements with the present results 
and will undoubtedly lead to an improved understanding of the 
evolution and deceleration of shock waves in the solar wind. 

We thank M. Koerner, J. Randolph and J. Yuen for 
encouragement and support. We also thank the Voyager Radio 
Science and Radio Science Support Teams, and the Deep Space 
Network for obtaining these data, W. B. Kendall for valuable 
advice on the signal processing aspects of the data reduction, H. 
Hsu for help in the production phase of the processing, and H. V. 
Cane, M. Dryer, J. Gosling, M. Neugebauer and E. Smith for 
useful discussions. This paper represents research carried out at 
the Jet Propulsion Laboratory, California Institute of Tech- 
nology, under contract NAS 7-100, sponsored by NASA. 


Received 27 April; accepted 3 July 1981. 


i. Hundhausen, A. J. Coronal Expansion and Salar Wind (Springer, Berlin, 1972). 
2. Dryer, M. Space Sci. Rev. 17, 277-325 (1975). 
3. Smith, E. J. & Wolfe, J. H. Space Sci. Rev, 23, 217-252 (1979), 
4, Parker, E. N. Interplanetary Dynamical Processes (Wiley, New York, 1963). 
5. Cane, H. V., Stone, R. G., Fainberg, J., Steinberg, J. L. & Hoang, S. NASA TM 82049 
(Goddard Space Flight Center, 1980). 
6. Berman, A. L. & Ramos, R. IEEE Trans. Geosci. Rem. Sens. GE-18, 11-14 (1980). 
7. Woo, R., Kendall, W., Ishimaru, A. & Berwin, R. JPL TM 33-644 (Jet Propulsion 
Laboratory, Pasadena, 1973). 
8. Woo, R. & Armstrong, J. W. J. geophys. Res. 84, 7288-7296 (1979), 
9. Goldstein, R. M. Science 166, 598-600 (1969). 
10. Woo, R. & Armstrong, J. W. Space Sci. Ret. (in the press). 





0028-0836/81/330610-—-04$01.00 


Nature Vol. 292 13 August 1981 





11. Scott, S. L, thesis, Univ. California, San Diego (1979). 

12. Ishimaru, A. Wave Propagation and Scattering in Random Media Vol. 2 (Academic, New 
York, 1978). 

13. Armstrong, J. W. & Coles, W. A. Astrophys. J. 220, 346-352 (1978), 

14. Woo, R. Astrophys. J. 201, 238-248 (1975). 

15. Armstrong, J. W. & Woo, R. Astr. Astrophys. (in the press). 

16. Woo, R., Yang, F. C., Yip, K. W, & Kendall, W. B, Asirophys, J. 210, 568-574 (1976). 

17. Esposito, P. B., Edenhofer, P. & Lueneburg, E. J. geophys. Res. 85, 3414-3418 (1980). 

18. Gosling, J. T. et al. Solar Phys. 48, 389-397 (1976). 

19. Dulk, G. A. in Radio Physics of the Sun (eds Kundu, M. R. & Gergely, T, E.) 419-433 
(Reidel, Dordrecht, 1980). 

20. Maxwell, A. & Dryer, M. Solar Phys, (in the press). 

21. Rickett, B. J. Solar Phys. 43, 237-247 (1975), 


nemesis lianas TEE ee men ee ee eT] 
Chemical composition 
of the atmosphere of Venus 


V. A. Krasnopolsky & V. A. Parshev 





Space Research Institute, Academy of Sciences, 
117810 Moscow, USSR 





Measurements onboard the Venera 11, 12 (refs 1-4) and 
Pioneer Venus”® spacecrafts stimulated us to study the chemical 
composition of the subcloud atmosphere of Venus in terms of 
the thermochemical equilibrium calculations, comparison of 
typical mixing and chemical times and a rule of height- 
independent element mixing ratio in the absence of conden- 
sation’. The photochemistry of the atmosphere down to 50 km 
was calculated using transport effects and number densities of 
CO,, H,0, HCI, SO, and CO at the lower boundary and rate 
coefficients of 102 reactions. These reactions include catalytical 
cycles of COC! and COCI, which accelerate O, destruction and 
CO, formation. Altitude profiles of 27 components agree well 
with those measured in the upper and middle atmosphere. H,O 
and SO, mixing ratios are very similar and sharply decrease at 
60 km due to SO, photolysis and sulphuric acid formation. 
Calculations show that sulphuric acid and sulphates are the main 
components of the second and third modes of particle size 
distribution in the upper and middle cloud layers. The lower 
cloud layer may consist of AICI, and FeCl. 

A model of atmospheric composition should produce vertical 
profiles of all atmospheric components from data on the abun- 
dance of parent molecules, This requires a knowledge of the 
chemical rate constants k;, the values of temperature T and the 
eddy mixing coefficient K. As those constants are known in a few 
cases only, the number of components considered has to be 
limited and aeronomic analyses restricted to those parts of the 
atmosphere where these limitations apply. 

The subcloud atmosphere (0-50 km) has a fairly high 
temperature and pressure (740 K and 90 atm near the surface) 
and is not exposed to solar UV radiation. Although ther- 
mochemical processes involving stable molecules dominate the 
region their rate constants are generally unknown. Hence we 
calculated only the thermochemical equilibria from the free 
enthalpy of the components. The comparison of the mixing 
times 7,,=H?/K where H is the scale height, and of the 
chemical equilibrium, 7, = ($; kın) where n; is the concen- 
tration of a reagent considered, shows that mixing dominates 
chemical reactions in the whole lower atmosphere. The catalytic 
effect of the ground tends to accelerate chemical processes. For 
the order of magnitude comparison we used K ~10*~ 
10° cm?s"', k,= 107! exp (~25,000/T) cm? s™', mixing ratio 
f,= 107; chemical processes on the ground were assumed to be 
accelerated by two orders of magnitude. 

The atmospheric composition should then be approximately 
constant throughout the subcloud and can be determined by the 
thermochemical equilibrium near the surface (Qyama et alf 
assumed thermochemical] equilibrium throughout the subcloud 
atmosphere). Calculations were based on the first data from 
Venera 11, 12 and Pioneer Venus experiments. The initial data 
chosen were concentrations of CO, Na, SO, for which Soviet 
and US measurements had given similar results, concentrations 
of H,O and S, (our estimate based on the spectroscopic 
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Table 1 The calculated composition of the subcloud atmosphere of Venus 








Gas CO, N3 SO, H,0 So HCl HF co cos HS Hy 
Mixing ratio f 0.96 3.4x107? 13x10 2x10? 1x107 1x10% 1x10 15x10 2x10 3x107 2x10 
measurements“), of HCl and HF from ground-based obser- 100 


vations’. Our calculations are summarized in Table 1 (inert 
gases are not taken into account). 

Components whose calculated mixing ratio was lower than 
107! are not given in Table 1. 

Our calculations and the related estimates are confirmed by 
further processing of the observational data. The height varia- 
tion of fco was determined from Venera 12 data? for which fco 
ranges from 3 x 107% above 36 km to 1.5 x 107° near the surface. 
Gas chromatography measurements on Pioneer Venus® first 
indicated that CO was not present in the lower atmosphere, but 
then produced a similar dependence on height. Small amounts 
of H.S and H; initially suggested by Venera 12 data have not 
been confirmed, while the indication of COS seems reliable’. 

Similar calculations based on the data of H,O and O, mixing 
ratios measured by the gas chromatograph on Pioneer Venus 
gave an abundance of HSO, which was much higher than the 
bulk of the cloud layer. 

We now consider the experimentally-obtained height 
dependences of mixing ratios. Here we take into account that if 
condensation is absent in a certain atmospheric region and if 
eddy mixing dominates the molecular diffusion, the relative 
abundances of elements should be height-independent. This 
enables the altitude dependences observed to be considered 
qualitatively. 

The height dependence of CO might explain its gradual 
conversion into COS with decreasing height. The sum fco+ 
feos = 3.5107° agrees well with the spectroscopic measure- 
ments? of CO near the top clouds; feos should decrease with 
height and be ~10°° above 36km. Its decrease should be 
accompanied by a slight (~10%) increase of fso, up to cloud 
deck. But in this case feos should be 5-10 x 107° at 22 km, which 
exceeds the upper limit of 2 x 10°° obtained by the third sample 
of Pioneer Venus gas chromatography. Because the drastic 
variation of sulphuric compound abundance at 20-25 km 
recorded by the Pioneer Venus mass spectrometer® was an 
experimental artefact it was ignored. 

It is difficult to explain height variations of fmo (2 x 10~* in the 
cloud layer and 2x 107° near the surface) deduced from the 
spectroscopic measurements on Venera spacecraft*. While 
spectroscopic measurements of fao seem more convincing than 
the data of Pioneer Venus gas chromatography* where there 
could be perturbation effects from the spacecraft (values of 
fino = 1-5 x 107° were obtained), we believe that errors in the 
measurements* and the initial data used for interpretation do 
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Fig. 1 Composition of the upper atmosphere of Venus. Dashed 


lines show the components for which the abscissa scale is 
enlarged 1,000 times. 
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Fig.2 Composition of the atmosphere of Venus between 50 and 
100 km. 


not preclude the possibility of fao being independent of height. 
The other possibility is the presence of some hydrogen-bearing 
gas with mixing ratio ~10™°*. 

We calculated the model composition in the atmosphere 
down to 50 km by solving a set of differential equations which 
describe the behaviour of 27 components (CO., H20, HCI, SO; 
and the products of their photolysis) involved in 102 reactions 
and include transport effects. 

As our model takes into account both chlorine and sulphur 
compounds, the number of reactions compared with previous 
calculations®”'’ almost doubled. Our model uses an approximate 
description of the processes of radiation and matter transport in 
the cloud layer. We have developed a more universal method of 
imposing boundary conditions on daughter components, its 
special cases being photochemical and diffusion equilibrium. 

We have considered not only chlorine oxides but also COC] 
and COCI, participating in cycles which are essential to O, 
destruction and CO, formation. Reactions of COC] and COCH 
formation and removal and their rate coefficients’* are shown in 
Table 2. 

The reaction between H and Cl, provides the major sink for 
odd H* and Cl*. Our model also includes processes of sulphuric 
acid and sulphur aerosol formation from $O,, four types of 
excited components and a long series of reactions. 

Figure 1 shows the calculated composition of the upper 
atmosphere. The results of Pioneer Venus miass-spec- 
trometric'** and optical'* measurements agree well with the 
calculations. Taking into account strong diurnal variability (our 
cacluations were made for solar zenith angle 60°) the 
comparison should be done for the altitudes at which CO, 
number densities are equal. Figure 2 shows the composition of 
the atmosphere and the cloud layer at 50-100 km, concen- 
trations of many of minor components with n < 10"! cm™ are 
not included there. Figure 3 shows number densities of chlorine 
compounds. As we have not got room for a detailed analysis of 
all the components, we briefly describe some typical features of 
the H2O, SO., H,SO,, aerosol sulphur S, and ©, distributions 
for which data are available. 

The net photochemical transformaticn of SO, in the presence 
of H,O can be described by 


380.+4H,0 > 2H,SO.-H.2G+5 


for 85% acid drops. Hence, the profiles of SO, and H2O should 
be similar within most of the cloud layer and their concen- 
trations at 50 km should differ by a factor of 1,3~-1.8 for 80-85% 
acid drops. Our profiles agree well with measurements** on 
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Fig. 3 Number density of chlorine compounds found in the 
atmosphere of Venus. 


Venera spacecrafts and suggest that these measurements are 
correct and that H,SO, formation is the basic drying agent in the 
above-cloud atmosphere. 

Both profiles are determined by upward transport of SO, and 
H20 from the subcloud atmosphere and their photochemical 
transformation into sulphuric acid drops through the SO, 
photolysis, SO, formation and absorption of H2O. Analytically 
derived ratios and computations of H,O and SO, number 
densities show that the eddy mixing coefficients should be 
K =2-5x 10* cm’ s~ at 50-60 km, to ensure a good fit with the 
spectroscopic ground-based and satellite measurements'*"'® of 
SO, and HO. 

Eddy mixing determines net only H,O and SO, number 
densities but also the amount of sulphuric acid: the higher K, the 
more HSO, should be in the cloud layer. The calculated 
amount of H,SO, corresponding only to the second mode of the 
particle size distribution'’’*° may be obtained for K= 
100 cm’ s™' which is not consistent with atmospheric dynamics 
and the observed SO, distribution. 

A good agreement of the calculated values with the measured 
SO, number densities and the aerosol amount in the middle 
cloud layer may be obtained when K =210*cm?s"', in this 
case both the second and the third modes'®”° of particle size 
distribution in the middle cloud layer are dominated by 
sulphuric acid or the products of its further conversion 
(sulphates). For this conclusion, sulphuric acid must pre- 
dominate drying in the above-cloud atmosphere. 

Sulphur particles can constitute only a minor component of 
the cloud layer; their mass is an order of magnitude smaller than 
that of sulphuric acid and its products. The calculated concen- 
tration of sulphuric acid varies with height and is 80-87% at 
55-70 km. The results of calculations are very sensitive to small 
variations of the H,O/SO, ratio at the lower boundary (50 km). 
A 10% increase of fmo is followed by a sharp increase in 
humidity in the upper cloud layer, far beyond the limits of the 
ground-based spectroscopic measurements”* (fino = 107°” at 
62-65 km), by the much larger amounts of atomic hydrogen in 
the upper atmosphere. 

The main paths of the formation of O, from atomic oxygen 
produced by CO, photolysis are the reactions 


O+CIO ~ 02+Cl 
0+0+CO, > 02,+CO, 
O+0OH > O,+H 
Its destruction occurs through 
COCI+0, + CO,+CI10- 


O; forms a layer 15-km thick at 90 km. The total amount of O; is 
3.7 10° cm™? which is a factor of 1.5 lower than the spec- 
troscopic limit”’. It is inversely proportional to K, hence K < 
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6x10°cm’s ' at 90 km. The above-cloud atmosphere cannot 
be a source of O, in the cloud layer where fo,~4x1075, 
according to Pioneer Venus measurements’. The presence of 
such amounts of O, in the clouds should lead to another order- 
of-magnitude reduction of the aerosol sulphur abundance but it 
does not contradict the spectroscopic limit as the O, profile will 
be similar to the profiles of SO, and H,O. However, this does 
not explain the appearance of O, in the cloud layer as the 
presence of O, is impossible in the lower atmosphere. 

For the calculations and measurements to agree K must be 
2x 10* cm’ s~' at 50-60 km, K <6 10° at 90 km; the data on 
atomic oxygen in the upper atmosphere impose K = 4x 10° at 
Z>110km. At heights of 60-110 km the values obtained are 
well described by the dependence K ~n~"? which agrees well 
with the Pioneer Venus results'* and was assumed in our cal- 
culations. 

The photochemistry of the atmosphere of Venus at 58-96 km 
was considered recently by Winick and Stewart'!. The main 
difference in input data between their model and ours is the 
absence of some chemical processes (53 instead of our 102 
reactions); the most important of these are given in Table 2. The 
other difference is the assumption of height-independent H,O 
mixing ratio fmo = 1076 instead of fao = 2 107* at the lower 
boundary in our calculations, which shows very non-uniform 
distribution of H,O (Fig. 2). Number densities of CO, O, Os, 
SO calculated by Winick and Stewart'' exceed the results of 
spectroscopic observations? ®?, 

The X-ray fluorescence analysis” of the cloud-layer particles 
of Venera 11 and 12 indicated the presence of considerable 
amounts of chlorine (~2x10°° gcm~°) in the aerosol. The 
presence of HCI drops is impossible because of the presence of 
sulphuric acid, and AICI, is the most probable chlorine bearing 
material. If the AlO, abundance in the Venus lithosphere is 
similar to its abundance on Earth (15% in sediments), then the 
presence of HCl in the atmosphere implies a certain presence of 
aluminium chloride due to the heterogeneous thermochemical 
reaction 


AkO; + 6HCI = 2AICI, + 3H,O 


If its mixing ratio is 10~*, it should be condensing at the lower 
cloud layer, and the calculated parameters of the layer’ (thick- 
ness, 2km; Pmax =4X 107 gem” for K =2x10*cm’s"!; size 
particle, 5 um) do not differ much from those measured’. 

Thus the third particle mode may have different composition 
in the middle and lower cloud layers. This is not a contradiction, 
because the nephelometer measurements”? show that the 
middle cloud layer is very uniform and may have a photochemi- 
cal nature while the lower cloud layer is variable and has a 
condensation origin. 

The presence of chlorides in the cloud layer has recently been 
confirmed. The atmospheric albedo in the near UV is explained 
by the presence of two absorbers'*: SO, and 1% FeCl, solution 
in the concentrated sulphuric acid. FeCl, condensation probably 
occurs near the lower cloud layer and the fine-fraction of the 
condensate with sizes of ~0.5 ym moves through mixing in the 
upper cloud layer to act as sites of HSO, condensation. With 





Table 2 Reactions of COC] and COCH in cycles of O, destruction and 
CO, formation 





Rate coefficient 
(cm? s7' and cm® s~ 
for two- and three- 


No. Reaction body reactions) 
() CO+C1+CO, > COCI+CO, 3x 10733 
(2) COCI+0, > CO,+CIO 2x107 
B) COCI+0 > CO,+C 107 


(4) COCI+Ch > COCL+CI 6x 107" exp (~1,400/T) 
(5) COCI+CI > CO+Ch 6x 107" exp (—400/T) 
(6) COCI+CO, > CO+CI+CO, 1071? exp (~3,200/T) 
(7) COCI+H > CO+HCI 19°? 
(8) COCh+O > CO,+Ch 107 
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this size ratio the resulting FeCl, solution concentration is close 
to 1%. 

Thus aerosol particles in the upper cloud layer consist of drops 
of 80-85% sulphuric acid and a small amount of FeCl; (~1%). 
In the middle cloud layer the major components are sulphuric 
acid and its chemical conversion products such as sulphates. 

The presence of nitrosylsulphuric acid”? seems doubtful due 
to the smaller amount of lightning” and its production of NO 
without further conversion to NO,, which needs large amounts 
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of hydrogen out of stainless steel 
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The state and diffusion of hydrogen in solids have been studied 
extensively™?, and the transport of hydrogen and its isotopes in 
metals has been found to involve classical diffusion and quantum 
effects such as tunnelling migration and small polaron hop- 
ping’*. The permeability and diffusion of hydrogen isotopes, 
particularly tritium (T), have been studied in a D-T fusion 
device“. Diffusion of tritium in the first wall of fusion reactor is 
expected to occur under high radiation fields due to plasma 
radiation, self 8 rays from the held-up tritium and neutron- 
induced radioactivity‘. Heinrich et al. observed a-ray enhanced 
hydrogen permeation in an iron foil due to activated adsorption 
of the ionized hydrogen gas on the metal surface’. The y-ray 
irradiation from a 1 mCi source, however, caused no appreci- 
able change in permeation in 316 stainless steel“. No detectable 
loss of tritium was observed from a niobium sample containing 
1% tritium’*: the effect of the self 6 rays on tritium diffusion in 
niobium seems to be negative. We report here an experimental 
study of radiation-enhanced diffusion of hydrogen in hydrogen- 
charged stainless steel using direct observation of hydrogen 
exhalation and lattice dilatation. 

Hydrogen was charged into type 304 stainless steel of thick- 
ness ~100 um by cathodic charging in 0.5 M H,SO, solution at 
a current density of 30 mA cm™. Exhalation of gaseous hydro- 
gen was detected using volume measurement of hydrogen gas 
bubbles by immersing the specimen in liquid glycerine and 
monitoring the increase of the liquid level in a glass micro- 
cylinder. Hydrogen bubbles on the surface were examined 
microscopically by coating the specimen with glycerine and 
hydrogen-induced lattice expansion was studied by X-ray 
diffraction. To enhance hydrogen evolution the X-ray tube was 
operated at 45 kV and 15 mA. The exposure rate of 30+ 5 rad 
s ' was determined with thermoluminescence dosimeters (TLD) 
of CaSO, taking the energy dependence of TLD into account. In 
some experiments y-irradiation from a °°Co source was also 
used. 

Figure 1 Shows the enhancement by X-ray irradiation of the 
gas exhalation rate out of stainless steel as a function of the time 
after 30 min of hydrogen charging. Exhalation rates, both with 








and without irradiation, decreased gradually with the time but 
the decrease was not monotonic presumably because of non- 
uniform distribution of hydrogen in the specimen. The exhala- 
tion rate of 4x10°°cm*cm™*s7' at 10 min is enhanced to 
610° cm? cm”? s` by X-ray irradiation. The exhalation rate 
of hydrogen molecules deduced from the hydrogen gas volume 
exhalation rate is shown on the right coordinate of Fig. 1. The 
total volume of hydrogen gas exhaled was ~3 x 1077 cm? em? 
or 8X10!” H, cm” indicating an initial average concentration of 
~1.610*°H atom cm™ for a specimen ~100 jum in thick- 
ness—a number roughly two orders of magnitude smaller than 
that of f.c.c. unit cells. 

Part of the hydrogen-charged specimen was covered with 
glycerine after the hydrogen exhalation had ceased and was 
exposed to X rays at room temperature. Hydrogen bubbles were 
observed on the surface of the specimen at the irradiated site as 
shown in Fig. 2a. No hydrogen bubble was detected at the 
non-irradiated site at this stage (Fig. 14). The temperature of the 
same specimen was then raised to ~80°C and new bubbles 
formed only at the non-irradiated site. Hydrogen atoms trapped 
and stabilized in stainless steel would have been released by 


X-ray irradiation. 
m 10! 4 
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Fig. 1 The exhalation rate of hydrogen gas out of stainless steel 
304 in liquid glycerine under X-ray irradiation (@) and without 
irradiation (©) as a function of time after the cathodic hydrogen 
charging in 30min. The exhalation rate is enhanced by the 


raciation. 
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Hydrogen bubbles were not uniformly distributed on the 
specimen surface and their diameters were also random. The 
exhalation behaviour was different during irradiation; tiny 
bubbles appeared all over the surface and formed a ‘film’ of 
hydrogen gas on the surface. Presumably, exhalation from the 
grain surface by radiation-induced bulk diffusion dominates 
over grain boundary exhalation. No hydrogen bubble formed 
during X-ray irradiation if the stainless steel was not cathodic- 
ally charged with hydrogen; confirming that the bubbles were 
not due to radiolysis of glycerine. 

Enhancement of the exhalation rate of 2 x 107° cm’ cm™? 5"! 
or 5.4 10'° H, cm”? s~! on exposure to X rays at 30 rad s™! 
indicates that ~1.8 x 10’? H, molecules are exhaled by 1 rad or 
5x10 eV g`. In terms of hydrogen atoms exhaled, 3.6 x 
10’? H cm” rad"! is greater than the number of the ion pairs 
produced by 1 rad in 0.03 cm? gaseous hydrogen. The radiation 
energy absorbed by the 100-um thick stainless steel of density 
8 g cm™” is roughly 4.0 x 10'? eV for exposure to 1 rad. Thus, for 
one hydrogen atom exhalation the input energy was ~ 1 eV. The 
efficiency decreases so that ~4 eV per hydrogen atom exhala- 
tion is required 40 min after hydrogen charging. It is assumed 
that the probability of retrapping before hydrogen diffuses to the 
surface increases as the concentration of hydrogen is decreased. 
If the hydrogen concentration is high, the traps are almost all 
occupied by hydrogen. Most energy would be used to ionize the 
host stainless steel lattice atoms. The net energy absorbed at the 
unit cells with a hydrogen atom would contribute to causing the 
release of hydrogen in a cluster model, if the energy transfer 
process is absent. Thus, around 107° eV is required to detrap a 
hydrogen atom. It is not known how many retrapping and 
detrapping events are occurring, however, considering the high 
concentration, it seems that hydrogen comes out of stainless 
steel without an appreciable number of retrapping events. A 
similar radiation-enhanced exhalation rate of hydrogen out of 
stainless steel was observed on measuring pressure change with 
the specimen in an evacuated cell. 

The lattice constant of a metal is increased by the dissolution 
of hydrogen. Figure 3 shows X-ray enhanced recovery of the 
lattice expansion measured from the shift of X-ray diffraction 
peaks for thin foils of the stainless steel with the thickness of 





Fig. 2 Surface micrographs of electrolytically hydrogen charged 

stainless steel 304 coated with glycerine after 3.4 h ageing follow- 

ing the light charging for 5 min. a, Hydrogen bubbles induced at the 

irradiated site; b, no bubble was observed at the non-irradiated 
site. 
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Fig. 3 X-ray enhanced recovery of lattice expansion induced by 
hydrogen in thin stainless steel foil. Fractional changes of the lattice 
constant determined from the X-ray diffraction peak are shown as 
a function of the time of X-ray irradiation (©) and of the ageing 
time for the non-irradiated specimen (x). 


~35 um. The lattice expansion of ~0.4% was decreased to 
0.2% in ~4 h and recovered in 12 h. On the other hand, it was 
reduced to 1.5 h for the fractional expansion to be the half and to 
4.5 h for the complete recovery under X-irradiation. No hydro- 
gen bubble was detected from the sample coated with glycerine 
after X-ray irradiation for 4.5h although bubbles were still 
observed at the non-irradiated sample in agreement with the 
observation of the lattice expansion. 

The lattice expansion persisted at 77 K without the X-ray 
irradiation for a long time. The X-ray or y-ray irradiation at 
77K decreased the expansion and restored the lattice 
parameters. The result indicates that the hydrogen exhalation 
operates in the region where the monitoring X rays penetrate for 
the diffraction studies. The exhalation would not be caused by 
the radiation-induced decrease of the surface impedance at the 
surface barrier layer because the lowering of the surface 
impedance would not lead to the exhalation of hydrogen at 77 K 
where hydrogen is not mobile without irradiation. It also seems 
unlikely that specimens dipped in liquid nitrogen are heated by 
radiation. Thus, we conclude that the radiation has induced 
hydrogen diffusion in the bulk of the specimen. The present 
observation contrasts to that of Heinrich et al., in which surface 
impedance from gaseous hydrogen to the iron was found to be 
reduced by the a-ray ionization of hydrogen as in a permeation 
study’. 

It is still premature to assign the radiation-induced hydrogen 
diffusion a definite mechanism, but two possible mechanisms 
can be suggested tentatively. The electronic structure of hydro- 
gen in metals has recently been calculated using a cluster 
molecule model involving the nearby metal electron orbitals”. 
Hydrogen in metals also forms a stable quasimolecule, a dia- 
tomic complex, with C, N and O impurity’® and with Ni in Fe-Ni 
alloys’’. Ionizing radiation might excite such quasimolecules or 
cluster molecules to antibonding or non-bonding states—such 
states were reported 1-2 eV above the valance band in studies of 
photoelectron emission and soft X-ray spectroscopy'*'*, and 
can be demonstrated by theoretical calculations’. Decom- 
position of the cluster might follow when antibonding or non- 
bonding states are reached. If this is the case, the input energy of 
~1eV per H atom exhalation was used effectively by some 
energy transfer process. 

Destruction of the cluster or diatomic complex may also be 
explained by the core—hole Auger decay model for electron- or 
photon-induced desorption of gas molecules on the surface of 
solid'*. However, the contribution of Auger process would be 
small considering the high efficiency of ~1 eV per hydrogen 
exhalation, and the model of cluster excitations remains the 
more likely explanation. 

Energy transfer to hydrogen or to the proton by elastic 
collisions with photoelectrons and Compton electrons is also 
plausible. Like the electrotransport and heat transport 
mechanism for hydrogen migration’, electron scattering at 
hydrogen causes a momentum transfer from electrons to hydro- 
gen. No work has yet been done to prove the possibility of this 
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mechanism. However, it is conceivable that hydrogen is 
detrapped by the transfer of ~0.1-0.01 eV of energy from 
electrons by collisions. 

The permeation rate was not affected appreciably by y-rays 
from a 1 mCi source’. The dose rate in that case, assuming an 
average distance of 1 cm from the source, is only 10 rad ho, four 
orders of magnitude smaller than 10° rad h™' in the present 
experiment. The ‘hold-up’ of tritium in the first wall of a fusion 
device is a severe problem. The hydride at the surface wall would 
be destroyed by radiation of the order of 10°-10* rad h™' and 
also by the X-ray flux from the plasma. The reduction of tritium 
diffusion due to the blocking by transmutation-produced *He 
(ref. 15) and to the trapping by defects or impurities might be 
compensated by the radiation-induced tritium diffusion. Further 
investigations are necessary to explain this radiation-induced 
hydrogen exhalation. Details of the X-ray diffraction studies will 
be published elsewhere with the result of isotope effects. 
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Voyager 2 approaches Saturn (h) this month, August 1981, 
after the possible encounter™? of the planet with the tail or 
wake’ of Jupiter (2|). With the magnetic flux in the tail of 
p =2x 10" Wh (refs 4, 5) a simple model suggests that the tail 
is very long (7-15 AU) and wide enough (~0.6 AU) to engulf 
Saturn. This could result in a sudden drop (by a factor of ~40) of 
the ram pressure on the magnetosphere of Saturn. The ensuing 
inflation of the magnetosphere may cause effects observable 
from Voyager 2 and/or Earth-orbiting satellites, including a 
flare-up of kilometric radiation and enhancement of the Lya 
limb brightening. Such events, if observed, could shed light on 
the magnetic and plasma nature of the jovian tail and on the 
electrodynamics of the saturnian magnetosphere. 

The expected length of the jovian magnetic tail is 
imately 


6&8 approx- 


L, = 2Byri/(aB.y.) (1) 


where 2y. is the width of the jovian magnetosphere at x = 0 
(centre of the planet, see Fig. 1 inset), Bı, B, are the ionospheric 
and the solar wind magnetic field intensities respectively, r,. is 
the radius of the polar cap, and a<1 parameterizes the 
efficiency of reconnection’. Taking y. = 87 R, (where R; is the 
radius of Jupiter’), Bı=1mT and r,.=0.28R; (Voyager 
datat), B= 0.6 nT (ref. 12) and assuming a = 0.1-0.2 (as 
for Earth®) one obtains L,= 7-15 AU. Thus, the jovian tail 
could be several times longer than the Jupiter-Saturn distance 
x,=4.3 AU. 

Orbital considerations suggest that Saturn should miss the 
axis of the jovian tail by A~380 R;. This event (for a 400- 
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450 kms: solar wind) would have been expected during the 
first week of May 1981. Immersion requires A< y(x,), the 
half-width of the tail at Saturn’s orbit (see Fig. 1 inset). 

Recent Voyager 1 and 2 Jupiter flybys identified a tailward- 
oriented magnetic field (-SnT at x)= 80-180 R; (refs 
§, 10, 11)) and two populations of circumjovian plasma: a cold 
onet?!" (densities? n ~107° cm) on the pre-dawn tail-like 
region of the magnetosphere, and a (denser, n~ 1074- 
107° cm™°) hot plasma beyond x~ 160 R; streaming nearly 
antisunward'™'”, Based on these data we have constructed a 
simple magnetohydrodynamical, one-dimensional model of the 
distant jovian tail. 

We assume that the tail shape y(x) is determined by the 
condition of tail pressure equalizing total solar wind pressure 

B2/82 +p, = mn? cos? w+ p. + (B, êY /8 7 (2) 

where ê is a unit vector (ê L û or êlB,, where ñ represents a unit 
outward vector normal to the tail boundary y(x), Fig. 1 inset). 

The tail pressure consists of two components: magnetic 
B?/87 with the planetary magnetic field B, (and the plasma 
streams) parallel to the tail boundary y(x), and particle thermal 
pressure p,=2n,kT,. Conservation is also assumed of the 
magnetic flux, the mass flux, and the momentum 


By? =constant, nwy? =constant, m1.0.do, = ~dp, (3) 
of the jovian plasma streaming away along the tail with bulk 
velocity v,. This plasma is assumed to be adiabatic and either 
anisotropic (CGL-approximation: p!<n?/B?, pion,B,) or 
isotropic p! = pt = p,cni’. All quantities: y, v, a, T, p and B 
are functions of x; m denotes effective ion mass (pure H and 
pure O were tried, see ref. 17). 

_ The solar wind magnetic field pressure is due either to the 
tangential component only (êL fi), which seems appropriate for 
y(x) in the ecliptic plane, or to the full field (@|B,) which applies 
in the solar meridian plane. A standard Archimedean spiral 
model was used for B, (ref. 12) with a radial (B,ocr?, r? = 
(x+d)+y?, see Fig. 1 inset) and an azimuthal component 
(B, <r"). At Jupiter: B, =0.08 nT, B, =0.58 nT. The solar 
wind is spherically symmetric with the thermal pressure p, = 
2n kTa (nær, n, (21)=0.28 em", T, = constant «0.25 x 
10°K (ref. 12) and the ram pressure equal to m,n,(¥, < fi”, where 
v,=constant=450kms"' (ref. 12). Both the magnetic 
(tangential) pressure and the ram pressure depend on the angle 
of attack (defined in Fig. 1 inset: cos y = —¥, : fi) which is related 
to the tail shape y(x) by the equation 


dy/dx = cotan (y ~g), tang =y/(x+d) (4) 


Equations (2)-(4) were numerically integrated for several cases 
given in Fig. 1 and Table 1, yielding y,v,”,7,p,B in the tail. The 











To Sun __ seed Cats RR ede ee ees Oe ere ee eee, 
2,000 4,000 6,000 8,000 10,000 (Ry) 
panes lau—, į PNPA PANEI PEII DE EERE TEE a E 
0 2 4 6 8x 10° km 


Fig.1 Predicted boundary of Jupiter's distant magnetic tail in the 
jovicentric rectangular frame. The scale of ordinates is 10 times 
larger than the scale of abscissae. The shape of the tail was found by 
numerical integration of the pressure balance equation (2) for 
several cases, as shown in Table 1 and explained in the text. 
Assumed geometry is schematically shown in the inset. The most 
probable tail width (curve 4) at Saturn 2y,= 1,212 R,=0.38 Au, 
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Table 1 Predicted jovian magnetic tail values at Saturn 





Solar wind pressure Tail pressure 


at Saturn’ (x = Xs) 


Ram* Thermal Magnetic Magnetic Thermal Vs = yx) nv mnu p=2nkT 
Full Tangential Cold* Hot? (Ry) (em?s!) (erg em™3) (erg cm~’) 

1 on off off on off 980 = e — 

2 on on off on off 660 — — — 
3 on on on s on on am 579 1.8 9.9x197!8 2.3x1907!° 
4 on on on — on _ on 6065 8.1« 10° 7.5x10°!? 1.6x10°3 
5 on on em on on on — 659 1.4 1.7x 10718 1.5x10°% 
6 on on = on on = on 693! 6.2.x 10° 5.8x107" 10x107" 





xs = 9,170 R; (1 R; = 71,398 km): 


half-width y, of the tail (in Rs, 1 AU=2,095 R;), tail plasma flux nv, tail wind momentum flux MND? 





(m, = proton mass), tail thermal pressure 2n,kT,, for various terms in equation (2), ‘on’ or ‘off’. 
* For a long tail in a radial flow the ram pressure contribution vanishes for x > x~ 3,500 Ry (yix) = 27/2). 
The approximation ¢ ~ 0 in equation (4) (local direction of the solar wind parallel to the Sun-Jupiter (©-2,) line) allows an analytical solution 


y? -yi =2,73x(x/2+ d) (x, y in 


R d = 10,900 Ry) leading to y, = 730 Ry; this approximation is, however, not 


applicable to a wide tail, 


* For the cold plasma’? (few eV, no ~ 107° cm’) we assume the thermal to magnetic field energy density ratio Bg to be ~10°’-10"®. The hot” 
plasma (~30 keV and mo~ 3x 10° * cm™*) has Bo~ 0.3 (at xo = 184 Ry and yo= 181 Ry, Voyager 1 and 2 data™ 17), 

$ For anisotropic plasma (CGL) one obtains a slightly lower value y, = 603Ry. 

lFor Bo= 1 one obtains y, =772 Ry, suggesting that for very hot plasma (8 > 1) supported by more recent Voyager data”®, the tail should be 


considerably wider. 


1 Adopted solar wind values at Saturn: nv, = 3.7 x 10° cm ° 


integrations started close to Jupiter, at xọ= 50—200 R, with 
Yo= 150—200 R; (refs 5, 10). We assumed the plasma initially 
(at x = xo) always isotropic with v,(xo) equal to the local sound 
velocity. 

Our calculations show that the tail width 2y, at Saturn is large, 
of the order of 0.6 AU. Practically, this result is sensitive neither 
to the initial data nor to the details of the assumed model (see 
Table 1 and Fig. 1) and we suggest that Voyager 2 and Saturn 
will not miss the jovian tail. These unique events may shed light 
on several questions. 

Penetration by Voyager 2 into the jovian tail may clarify two 
aspects of the gradual loss of identity by the tail: (1) merging of 
the tail and the interplanetary magnetic fields when the ratio R 
of field polarity reversal time scale to the time scale of the solar 
wind flow past the tail is 107°-197?, in contrast to the terrestrial 
case when & = 1; the spatial scale of the inhomogeneities of the 
plasma in the tail should be of the order of Ry,; and (2) filling-up 
of the tail with the solar wind plasma through the open field lines 
and/or diffusion across the field. These processes should be well 
in progress at Saturn’s distance although still far from 
completion”. Thus information on the relative roles of these 
two aspects could be available well before NASA’s OPEN 
programme’”’. 

Inside the tail, Saturn will encounter unusual conditions: a tail 
wind rather than a solar wind. The total pressure (amv? + p) may 
drop by a factor of 30-50 and the plasma flux (nv) by a factor of 
400-600 for the hot tail plasma (cases 4 and 6). This will lead to 
(3) a weakening or disappearance of the bow shock’ and to (4) an 
inflation of the saturnian magnetosphere by a factor of ~2. The 
inflation could be much stronger for the cold tail plasma (this 
seems, however, unrealistic). These effects could be directly 
observed by Voyager 2 if Saturn’s immersion persisted till the 
third decade of August 1981. 

Strong pressure gradients at the tail boundary crossing on a 
time scale of 1-2x10°s may trigger a gigantic substorm 
followed by (5) a flare-up of kilometric radiation?" and (6) an 
enhancement (by particle precipitation) of Saturn’s Lya limb 
brightening**. On the other hand, during prolonged immersion, 
the external magnetic field will become parallel to the plasma 
velocity which will lower the efficiency of magnetic field recon- 
nection and magnetospheric dynamo. 

Several observable effects are then to be expected: plasma 
and magnetic field effects (1), (2) (and with luck (3) and (4)) 
could be detected from Voyager 2; the kilometric radio wave 
flare (5) could be seen from Voyager 2 (and the Earth’s orbit?) 
and the possible UV effect (6) could be detected from Voyager 2 
and with some effort from the Earth’s orbit”. 

Received 22 January; accepted 30 June 1981. 
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Gas-chromatographic and mass-spectrometric investigation of 
the saturated hydrocarbon fraction of a distillation cut of 
Thornton bitumen has revealed the presence of diastereomeric 
pairs of side-chain-extended 17a(H)-hopanes with carbon 
numbers ranging up to C4. Pentacyclic triterpanes of the 
hopane type are ubiquitous in sediments and related fossil 
fuels’. Commonly, besides the parent hydrocarbon itself, 
17a (H)-hopane (C,,.), compounds with degraded (C,,, C29) and 
extended side-chains (C,,-C,,) are detected”. While hopanes 
with 30 or fewer carbon atoms can easily be interpreted as 
diagenetic products of C3, hopanoids, for example, hop-22(29)- 
ene, known in several living organisms’, the extended hopanes 
(Cz,-C35) have recently been related to a C,, precursor, 
bacteriohopanetetrol, which was found to be a constituent of 
several microorganisms’**. We report here that the new Cze- 
Cao hopanes are of the same structural type as the well-known 
extended hopanes ranging up to C,s. 
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Fig. 1 Cepilary column chromatogram of the sturted hydrocarbon fraction of a Thornton, bitumen dition ext. Nambery date 
17a (H)-hopanes (carbor- atoms); a, tricyclic terpanes. (Czg~C); b, tetracyche terpanes (Czs-Cz5, C29); ©, steranes (C21-Cn; Cap~Coa); d, 
18a (H)-trisnorneohopane; e, pentacyclic Cy ,-triterpane; f, ; & 24-ethyl-Sa(H)}-cholestanes [14a(H),17a (H), (205)-, 
148 (H), 176 (HX20R), 148 E), 78. (H\(20S)-, and 14a (H),17a (H)(20R)- isomers in order of elution]; h, moretanes (Cy—C,,); i, peatacyclic 
; |, gammacerano (?); k, perhydro-8 -carotene (7). A Varian 3700 ges chromatograph was used with FID-detector; 25 m x 0.3 mm 
id. “pless capillary column was coated with high-temperature SE 54 (Carlo Erba), injector, 300 °C; detector, 300°C; carrier gas, helm; 


320 170 


temperature programme, 80-330 °C (3 *C min™’). 


Thornton bitumen was obtained from the Thornton Quarry, ` 


just south of Chicago (Illinois). The bitumen is found in the 
Niagara dolomité deposited during Silurian times, and it is 
thought that it was formed simultaneously with the rock and thus 
may also be of Silurian age’. Rounded hillrocks of the ancient 
dolomite now protrude glacial clay. The rock is highly fossili- 
ferous and contains unicellular species, and plant and animal 
skeletons’. A previous study of the saturated hydrocarbons from 
the bitumen by Marschner et al.’ revealed the absence of 
n-alkanes and a prominent contribution of steranes and tri- 
terpanes although no specific identifications were made. ‘ 


100 


Fig. 2 Electron . mass 
spectrum of the eset Cao 
17a(H)-hopane (see Fig. 1). A 
Varan Mat 112S mass 





EE ear ches ed 
Fig. 1, the saturated hydrocarbon fraction of Thornton bitumen 
is enriched in pentacyclic triterpanes, most of which have a 
hopane skeleton. The most abundant compound is 17a(H)- 
hopane (Co). 17a (H)-norhopane (Cj), 17a (H)-trisnorhopane 
(C,,) and 18a (H)-trisnorneohopane (C,,) were found as major 
degraded hopanes. Further tetra- and tricyclic terpanes, based 
on their mass spectral base peaks at m/z 191, may have struc- 
tures related to hopane and may, at least in part, be derived from 
hopanoid precursors by degradation during diagenesis and 
catagenesis. Smaller amounts of steranes in Thomton bitumen 
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Fig.3 Log/normal plot of reter:tion times versus carbon number 
for Cz7~C4o hopanes obtained from isothermal gas chromato- 
graphy at 260 °C (other conditions as given in Fig. 1). The C33-Cyo 
hopanes show linear increase of log retention time, different for the 
C-22 diastereomers, indicating the presence of homologous series. 


point to an advanced maturity level of the organic matter well 
within the oil window, as indicated by the dominance of 148 (H), 
178 (H)-steranes*; this can easily be seen in Fig. 1 for the Co 
steranes. 

Extended 17a (H)-hopanes in Thornton bitumen are pairs of 
C-22 diastereomers” (Fig. 1). The carbon number maximum 
within this series at C,, either indicates a particular stability of 
this species or, more likely, a C, precursor for most of the 
C,,-C 3, extended hopanes as mentioned above. In contrast to 
hopane series reported so far, the extended hopanes in Thorn- 
ton bitumen range up to Cao. Diastereomeric pairs are observed 
as in the C;,-C,, range together with a slight predominance of 
the first-eluting diastereomer (Fig. 1; the second C,, isomer 
coelutes with a dicyclic tetraterpane, probably perhydro-B- 
carotene). The mass spectrum of the first-eluting C,) hopane in 
Fig. 2 shows a fragmentation pattern consistent with a hopane 
structure with an extended side-chain. From the log/normal plot 
of retention times obtained at isothermal conditions against 
carbon number (Fig. 3), which shows a linear increase for the 
C33~C4q hopanes, the conclusion may be drawn that the side- 
chain extension is linear, as found for the C,,-C,; hopanes®, and 
no branching occurs. 

The question now is whether the C, hopanes represent 
another end member in this series related to a specific precursor 
or whether this series extends beyond C4? This cannot be 
unequivocally answered from the analysis of this distillation cut. 
No hopanes above the C,, members marked in Fig. 1 could be 
detected in this sample, which may be due to the limiting 
experimental conditions (temperature) or the way the dis- 
tillation cut was taken (exact temperature range unknown). If 
there were a C,, precursor, the latter argument could explain the 
lower abundance of the C, hopanes relative to the C3.-C39 
compounds. 

As there is no precursor yet known for the C4, hopanes, 
another mechanism for the formation of the C,,-C,, extended 
hopanes is suggested. It has recently been found’® that highly 
alkylated porphyrins in petroleum contain alkyl-chains up to 
C,,. These porphyrins seem to be catagenetic products originat- 
ing from porphyrin moieties bound to the kerogen matrix and 
released only at higher maturation levels by thermal cracking"’. 
A similar mechanism? for the extended hopanes seems possible 
if one assumes that bacteriohopanetetrol (C,,) is specifically 
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bound into the kerogen matrix during early diagenesis through a 
covalent carbon-carbon bond. 

In addition to the extended 17a(H)-hopanes, a series of 
moretanes (176(H),21a(H)-hopanes) has been tentatively 
identified in Thornton bitumen (Fig. 1). The series seems to 
include C,,~C,, moretanes although only the C}, compound in 
the mass spectrum clearly showed the slight dominance of the 
D/E-ring fragment (m/z 205) over the A/B-ring fragment 
(m/z 191) (ref. 12). Trace amounts of these compounds have 
been reported’? for a Toarcian shale from the Paris Basin. 
Unlike the 17a (H)-hopanes, however, the extended moretanes 
were not detected as diastereomeric pairs (R and § at C-22) in 
Thornton bitumen; it seems possible that they are not separable 
in the given conditions’. 

Support by Professor D. H. Welte is gratefully acknowledged. 
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Nitrous oxide (NO) is a key intermediate for several steps of the 
aquatic nitrogen cycle. In oxygenated oceanic waters, bacterial 
oxidation of amino- and ammonium-N is a dominant source of 
N20 (ref. 1); in regions of intense nitrification AN,O values 
(difference between observed N,O and air-equilibrium concen- 
tration) typically rise to 40-100 nmol I”! (ref. 2). By contrast, 
anoxic waters are often undersaturated in N,O because of 
respiratory consumption by denitrifying bacteria’. We describe 
here an extreme accumulation of nitrous oxide (AN,O of 
>2,000 nmol I`*) in the saline bottom waters of Lake Vanda 
(77°35'S, 161°40'E), a warm meromictic water body in the Dry 
Valley region of Antarctica. From in situ experiments assaying 
various components of the nitrogen cycle, we conclude that this 
N20 is produced by a narrow band of nitrifiers lying well above 
the oxycline. Nitrous oxide is lost from this zone at slow rates by 
diffusion, ultimately to the atmosphere above, or below to the 
upper anoxic zone where it is consumed by a finely stratified 
population of denitrifying bacteria. 

Lake Vanda was sampled at a mid-lake deep-water site 
(maximum depth 68 m) during the austral summer of 1980-81. 
Holes were bored through the 3-3.5-m permanent ice-cap and 
1-1 samples removed with a discrete-depth water sampler. The 
unusual temperature and salinity profiles of Lake Vanda have 
been described elsewhere**. Temperatures rise with increasing 
depth to a warm maximum (23.5 °C) in the region of high salinity 
(up to three times the conductivity of seawater) at the bottom of 
the lake (Table 1). Over the season of study the lake was well 
oxygenated to 59m (~0.7 mmoll”' throughout, S. Nakaya, 
unpublished data) but anoxic at 60 m and below. 
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Table 1 Distribution of nitrogen and other characteristics of the mid-lake water column of Lake Vanda 








Forms of nitrogen (j.g-atom 1°) Dissolved 
Depth N,0:NO, reactive P Temperature Conductivity 

(m) NO,-N NO.-N N,O-N NH,-N Particulate-N (molar ratiox 10°) (wg-atom 17") CC} (10 psem’) 

3.25 3.5 0.10 0.05 0.9 0.7 TA 0.02 45 0.6 

5 41 0.11 — 0.6 _ — 0.01 5.0 9.7 
15 2.2 0.08 0.15 0.2 0.3 34.1 0.03 55 bel 
25 2.1 0.04 0.18 0.1 0.7 42.8 0.01 70 1.2 
35 2.3 0.05 0.19 O1 0.5 41,3 0.01 7.0 12 
45 44 0.02 0.51 0.7 0.4 57.9 0,02 9.0 2.3 
47.5 7.3 0.07 0.72 — — 49.3 0.02 95 ~ 
50 47.0 0.17 1.96 16.9 0.6 20.9 0.01 12.5 8.0 
51 89.7 0.27 2.18 19.1 — 12.1 <0.01 —_ ~ 
52 133.5 0.39 2.78 27.8 _ 10.4 0.02 _ me 
53 203.9 0.79 3.94 71.8 — 9.7 m= eea a 
54 223.8 0.96 4.29 119.3 — 9.6 — =e — 
55 232.7 1.14 3.80 144.1 0.8 8.2 <0.01 18.5 39.5 
56 165.4 1.90 3.51 269.2 — 10.6 0.02 _ ~ 
57 106.3 0.46 2.91 363.3 — 13.7 0.04 _ = 
58 56.6 0.27 2.53 458.2 13 22.3 0.17 23.0 56.0 
59 13.2 0.33 1.04 599.4 — 39.4 0.10 e me 
60 3.1 0.10 0.05 686.9 1.9 8.1 0.15 22.0 60.9 
62.5 <1.0 <0.1, <0.003 1005.6 — _ 2.21 22.5 79.5 
65 <1.0 <0.1 <0,003 1346.5 — — 5.24 23.5 80.6 
67.5 <1.0 <0.1 <0.003 1747.4 _ _ 8.15 23.5 80.8 





Samples were collected 21 and 27 December 1980. All depths are relative to the water table, ~0.2 m below the ice surface. Water samples for nutrient analysis were 
filtered immediately on collection through acid-washed glass-fibre GF/C filters and stored frozen. Analyses were performed on a Technicon AutoAnalyzer I. Lakewater 
controls (sample without colour reagents) were run at all depths to correct for changes in refractive index. Further control samples were run with standard nutrient additions 
to correct for variable recoveries at increasing salt concentrations. Nitrite was measured by automated diazotization’*. Nitrate was reduced to nitrite through a cadmium 
wire column’? at pH 8 (ref. 20) and then analysed by standard diazotization’®. NH, was determined by an automated phenol~ hypochlorite method? ; high values in the 
bottom waters of Vanda were checked manually, after 100-fold dilution, by oxidation to nitrite and diazotization™*. Dissolved reactive phosphorus was by an automated 
molybdenum blue method??. Particulate nitrogen was filtered on to acid washed GF/C filters and stored frozen. Material was Kjeldahi-digested and the ammonium 
determined colorimetrically**. For gas analysis, 15-ml lakewater samples were removed from the water sampler by hypodermic syringe and injected into 30-m! Hypovials 
that had been sealed with neoprene”* stoppers and flushed with O,-free, N,O-free nitrogen. These samples were immediately preserved with glutaraldehyde (2% v/v final 
concentration) and stored at 0 °C for up to 5 weeks. Before analysis, the samples were shaken vigorously for 1 h to ensure equilibration between liquid and headspace. 1-mi 
subsamples of the gas were injected into a Perkin-Elmer Sigma 4 electron-capture gas chromatograph fitted with a 2-m (3 mm o.d.) stainless steel column of Chromosorb 
102. The GC was operated at column temperature of 55 °C with a carrier gas (95% Ar 5% CH,) flow of 24 mi min”. The Ni detector was run at 375 °C with a standing 
current of 3.5 x 107° A and calibrated with standard gas mixtures. Distribution coefficients were determined later on a range of samples by multiple equilibration?“ to allow 
for the effect of increasing salinity on N,O solubility. The original lakewater concentrations of dissolved N,O were back-calculated*® from head-space levels and the 
empirically determined distribution coefficients. Conductivity was measured at 2 °C. The transition from oxic to anoxic water (oxycline) occurred between 59 and 60 m 


depth. 


N20 concentrations were well above air-equilibrium values at 
all depths down the oxygenated portion of the water column 
(Table 1). Air-equilibrium concentrations of N2O, the satura- 
tion value for water in equilibrium with atmospheric nitrous 
oxide, range from 17 nmol!” at 4.5°C to 9 nmol I”! at 23°C 
(calculated from the solubility data of Markham and Kobe‘ and 
measured values for N,O in Antarctic air’), Immediately 
beneath the ice N,O levels were 48% above air-saturation 
(AN,O = 8,2 nmoll”'). Concentrations rose steadily with 
increasing depth, but sharply increased below 47.5m to a 
maximum at 54m (>20,000%  air-saturation; AN,O 
>2,000 nmol 1`*). NO tensions rapidly declined below the 
peak, and the gas was undetectable at 62.5 m and below. The 
deep NO maximum closely followed a nitrate peak previously 
reported by Torii et al.* and confirmed in the present study 
(Table 1). NO, and N,O profiles are strongly correlated (°= 
0.909, P >0.001) but an accumulation of nitrite in the lower 
depths was displaced 1-2 m downwards relative to the other 
forms of oxidized nitrogen (Table 1; N,O0 compared with NO7 
r? = 0,606). 

At least four biological processes are thought to involve 
nitrous oxide’. N.O is an intermediate in the oxidation of 
ammonia to nitrate by nitrifying bacteria: 


NH; > NH,OH ~N,0 ~ NO; > NO; 


It is also an intermediate in the reduction of nitrate to nitrogen 
gas by denitrifying bacteria: 


Nitrous oxide has been considered a possible intermediate in 
assimilatory nitrate reduction by algae (reverse of the nitrifier 
sequence). Finally, N-O is an alternative substrate for nitro- 
genase, the enzyme of N, fixation. This fourth process cannot be 
an important control on nitrous oxide levels in Lake Vanda. 
Acetylene reduction assays’ on lakewater samples throughout 


the profile failed to demonstrate measurable nitrogenase 
activity at any depth. 

The well-defined and coincident maxima of NO, and N,O 
provide circumstantial evidence of a deep band of nitrifying 
bacteria. More conclusive evidence comes from experiments 
conducted in situ from 3.25 m to 57.5 m, to measure nitrypyrin- 
sensitive CO, fixation (Fig. 1). Significant differences (P < 0.05) 
between duplicates with and without this nitrification inhibitor 
were recorded only from 50 to 57.5 m. Rates were highest at 
52.5 m and 55 m, in the region of abundant oxidized nitrogen. 

There is some evidence from marine systems*’” that nitrous 
oxide and nitrite may accumulate as byproducts of nitrate 
assimilation by algae. In Lake Vanda, as in other Dry Valley 
lakes’, algal production is low throughout most of the water 
column but rises to a sharp maximum just above the oxycline 
(Fig. 1). This photosynthetic peak lies well below the zone of 
N20 accumulation, and algal assimilation is therefore unlikely 
to be a large source of nitrous oxide. 

Denitrification has been invoked’ to-explain accumulation of 
N,O in low-oxygen regions of the sea. Denitrification in Lake 
Vanda was assayed by in situ acetylene blockage experiments 
at depths of 55, 58, 59, 59.5, 60, 61, 62.5 and 64 m. Significant 
denitrifier activity was recorded only in the upper anoxic depths 
of 59.5-62.5m (Fig. 1). Nitrous oxide was very low or 
undetectable in this region, and therefore the upper anoxic zone 
must be a region of N,O consumption rather than a net source. 

A comparison of the molar ratio of N,O to NO, provides a 
further guide to the processes controlling nitrous oxide produc- 
tion and loss. Lowest ratios were recorded in the region 52- 
56 m, the zone of peak nitrifier activity. The minimum (8.2 x 
107°) falls within the range reported for nitrifying bacteria in 
culture’*, although it is high relative to typical accumulation 
ratios in the field—Elkins et al.' report an average ratio of 
1.4x 107° mol of N,O produced per mol of NH, oxidized by 
aquatic nitrifiers. At higher and lower depths in Vanda the ratio 
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Fig.1 Distribution of microbial activity at 40-68 min Lake Vanda: nitrifier 
CO, fixation (M), photosynthetic CO, fixation (O), denitrifier N-O produc- 
tion (@), °H-thymidine uptake (©). All rates were determined by in situ 
incubations, Nitrifier activity (18 December 1980) was estimated by the 
difference between dark CO, fixation with and without the nitrification 
inhibitor nitrypyrin?’. Samples were preincubated with inhibitor (10 mg I"? 
final concentration) for 1 h at the depth of collection, and then incubated for 
a further 5 h with *C-HCO, (0.6 pCi ml”). Dissolved inorganic carbon was 
determined by IR gas analyser. Photosynthetic rates (21 December 1980) 
were measured by 24-h in situ ‘*C-HCO, (0.6 pCi mi!) incubations in light 
and dark bottles. Denitrifier activity (13 January 1981) was measured by the 
accumulation of nitrous oxide in samples of lakewater sealed in Hypovials 
and incubated at the depth of collection for 24 h with 10% acetylene'*, an 
inhibitor of nitrous oxide reductase. Samples were incubated with *H- 
thymidine (20 nmol 171, 16 December 1980) to estimate microbial rates of 
DNA synthesis’®, At the end of the 5h incubation, samples were filtered on 
to 0.22 um Millipore membranes which were washed several times with 
10% trichloracetic acid and air-dried. The filters were later counted by liquid 
scintillation spectrometry and corrected for adsorption of label (glutaralde- 
hyde-killed controls) and self-absorption of radiation. 


of N20 to NO; increased, probably reflecting the selective loss 
of nitrate with time by algal uptake and sedimentation. Par- 
ticulate nitrogen, and by inference seasonal NO; removal by the 
plankton, is low throughout the water column (Table 1). 
Movement of N20 and NO; by turbulent diffusion away from 
the peak must therefore proceed very slowly for algal uptake to 
affect significantly the molar ratio of the two forms of oxidized 
N. This ratio decreased again from 25 m towards the ice, which 
would be consistent with selective loss of N20 to the atmosphere 
by diffusion through the ice-cap, and at the lake edge where the 
ice melts away each summer to produce a moat of open water 
1-10 m wide. 

Denitrifier activity was not detected at depths greater than 
62.5 m, where N-O and NO; were also absent: denitrification 
rates in Vanda may ultimately be limited by the rate of transfer 
of oxidized N to the upper anoxic zone. Ammonium substrate is 
relatively abundant in the region of nitrifier activity, and it is 
possible that phosphorus (Table 1) rather than nitrogen 
availability exerts an overall control on this component of the 
N20 cycle. Phosphate values increased with depth towards the 
oxycline (Table 1), and at these lower aerobic depths total 
microbial activity (as estimated by *H-thymidine incorporation 
into DNA‘) increased to a water column maximum (Fig. 1). It 
remains unclear why the nitrifiers do not similarly peak in this 
superficially favourable environment at 57-59 m. A possible 
explanation is the steep ammonium gradient observed through 
this zone (Table 1). Nitrifying bacteria are inhibited by high 
levels of ammonia. Nitrobacter (nitrite oxidizer) is more sensitive 
than Nitrosomonas (ammonium oxidizer)”, and it is of interest 
that nitrite accumulates towards the bottom of the nitrification 
layer where ammonia becomes increasingly concentrated. 

The relative importance of denitrifier and nitrifier activity for 
nitrous oxide accumulation in oceanic environments has caused 
considerable debate’. In Lake Vanda, N,O accumulated in the 
region of highest nitrifier activity where denitrification was 


undetectable. Conversely, N-O concentrations were greatly 
reduced in the region where in situ denitrification rates were 
maximal. In this body of water nitrification would seem to be a 
net source and denitrification a net sink for nitrous oxide. These 
different components of the NO cycle occupy discrete bands of 
the stratified water column. This layered community may 
thereby prove to be a useful test of future models describing 
nitrous oxide production and loss in natural aquatic environ- 
ments. 
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Recently, in addition to conventional neurotransmitters such 
as acetylcholine, dopamine, glycine and y-aminobutyric acid 
(GABA), putative neuroactive peptide transmitters have been 
localized to specific retinal amacrine cells’. In particular, opiate 
receptors’, assayable enkephalin immunoreactivity’ and 
enkephalin-immunoreactive neurones’ have been described in 
avian and mammalian retinae. However, little physiological 
evidence has been obtained for the involvement of neuropep- 
tides in retinal function. Here we report that exogenous opiates 
affect both the release of GABA from GABAergic amacrine 
cells and the firing patterns of ganglion cells in the goldfish 
retina’. Our results show that the output of the retina is modu- 
lated by an opiate system whose neural organization and phar- 
macological properties resemble those described elsewhere in 
the vertebrate central nervous system. 
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Ganglion cell unit activity was recorded from the isolated, 
inverted retina of goldfish using metal microelectrodes. The 
retina was stimulated alternately at 6-s intervals for 0.7 s witha 
small red light spot (1 mm diameter, 650 nm, 24 W mm’), or 
annulus (1.2 mm i.d., 3.2 mm o.d.) centred on the electrode. 
Ganglion cell responses were classified as ON, OFF (those 
responding to light with an increase or decrease of firing rate, 
respectively), or ON-OFF (those responding to light with bursts 
of spikes at onset and offset of stimulus). The'retina was main- 
tained at 22 °C in moist gas (95% O, + 5% CO,), and drugs were 
applied to the photoreceptor side of the retina by nebulizer; no 
wash-out was possible. Further details are given in Fig. 1 legend. 

The synthetic opioid peptide, D-Ala*-Met*-enkephalinamide 
(DALA, Peninsula), at concentrations of 0.1-1.0 uM, increased 
the spontaneous and light-evoked firing of 20 ON-centre units 
and suppressed the post-stimulus inhibition (Fig. 1a). DALA 
also abolished the opponent surround response to an annulus. In 
contrast, spontaneous and light-evoked firing in 9 of 12 OFF- 
centre units, was reduced by DALA; in the other three units, 
this inhibition was preceded by a transient period of excitation 
during which the cells gave ON responses to light (not shown). 
ON-OFF units were less predictably affected by DALA, and 
their activities were modified only by concentrations greater 
than 1.0 uM, from which they often did not recover. Morphine 
(0.1-1.0 uM), like DALA, excites ON-centre cells, but the 
excitation is prolonged (generally irreversible) and less readily 
modulated by light (Fig. 15). Naloxone (4-40 uM) inhibits the 
dark- and light-evoked activities of ON cells, and blocks the 
response to DALA or morphine when applied simultaneously 
(Fig. 1c). Dextrorphan (4-40 uM) has no effect (not shown). 
These results indicate that the endogenous opioid transmitter 
may be released in the dark, although the possibility that 
naloxone could be blocking ON cell activity by acting at any 
synapse cannot be excluded. 

To test whether DALA acts on ganglion cells directly or 
through intermediary neurones, all synaptic transmission to 
ganglion cells was first blocked by treating the retina with cobalt 
chloride (1-2 mM), then DALA was applied. In the presence of 
cobalt ions, both dark- and light-activated firing of ON-centre 
cells was suppressed, and the response to DALA was blocked 
(Fig. 1d). Thus, the receptors for DALA and morphine may be 
located on an intermediary neurone presynaptic to ganglion 
cells rather than on ganglion cells themselves. Note, however, 
that neuronal responses to enkephalins may require calcium 
currents’ that would be blocked by cobalt ions, thus a direct 
interaction is also possible. 

Preliminary experiments indicated that enkephalin- 
immunoreactive neurites are scattered throughout the inner 
synaptic layer. As the dendrites of ON-centre ganglion cells and 
neurites of GABA-accumulating amacrines both ramify in the 
innermost sublamina of this layer®, the pathways of these cells 
were investigated further. The GABA antagonist bicuculline 
causes an excitation of ON-centre cells and abolition of their 
surround responses similar to that caused by DALA or 
morphine; subsequent application of DALA, however, 
produces no significant further increase in the firing rate (Fig. 
le). We also examined the effects of opiates on the uptake and 
release of GABA in the retina. We have previously shown”? 
that the GABA amacrines in goldfish can be selectively loaded 
by incubation with *H-GABA in the dark, whereas type H1 
cone horizontal cells are loaded by incubation in the light. 
Release of *H-GABA can be induced by increasing the concen- 
tration of K* in the bathing medium, and the influence of opiates 
and their analogues on GABA release can be tested by adding 
these to the medium. 

Dark-adapted goldfish eye cups were cut in half. The retina 
was isolated from each half under dim red light and incubated at 
22 °C for 15 min in the dark with 0.2 ml oxygenated Ringer’s 
solution containing 1 yM °H-GABA (39.2 Ci mmol”, NEN). 
The retinae were then incubated separately in 10 ml of 
unlabelled saline for 60 min with gentle shaking and a change of 
solution every 10 min. The efflux of “H-GABA from each piece 
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Fig. 1 Ganglion cell activity recorded extracellularly from the 
isolated retina of goldfish, Carassius auratus, placed in a chamber 
receptor side upwards and maintained and stimulated as described 
in the text. Concentrated stock solutions in cyprinid fish saline 
solution (120 mM NaCl, 2.5 mM KCI, 1.2 mM MgSO,, 2.2 mM 
CaCl,, 10 mM dextrose, 3 mM HEPES, pH 7.8) were run through 
an atomizer and sprayed on to the photoreceptor side of the retina; 
a number of solutions could be applied im turn, The dilution factor 
for the atomizer was estimated by spraying *H-thymidine onto 
small pieces of filter paper at various dilutions and durations of 
application, counting in a liquid scintillation counter, and 
averaging the total radioactivity over a volume of retina (a circular 
patch 8mm in diameter and 0.4 mm thick). Assuming that the 
atomized drug diffuses uniformly through the tissue, that it is 
neither destroyed nor taken up into retinal cells, that a steady-state 
concentration is achieved and that the drugs used in the 
physiological studies do not adhere more strongly to the stock 
bottles and nebulizing apparatus than 2 H-thymidine, the minimum 
effective concentration for a readily detectable effect of DALA on 
ganglion cell activity was 0.1-1.0 um. As these assumptions are 
certainly not valid and as each maximizes concentrations, the true 
minimum effective dose may be substantially lower than that 
estimated. The figure shows the action potentials of single ON- 
centre ganglion cells in the dark and in response to small, centred 
red light spots (square pulses below the response trace each denote 
0.7s). The pharmacological conditions were as follows: a, (1) 
before application of DALA (control response), (2) during maxi- 
mal effect of 1.0 uM DALA; (3) 5 min after application of DALA. 
b, (1) Control; (2) during 1.04M DALA; (3) during 1.0 6M 
morphine sulphate, after recovery from DALA. c, (1) Control; (2) 
after 40 uM naloxone; (3) after 40 uM naloxone + 1 uM DALA. d, 
(1) Control; (2) after 1 mM CoCh,; (3) after 1 mM CoCh, +1 uM 
DALA. e, (1) Control; (2) after 104.M bicuculline methiodide, (3) 
after 10 aM bicuculline methiodide + 1 pM DALA. Results shown 
in a-e are from different ganglion cells; 1, 2,3 in each row show 
responses of the same unit. 
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Fig. 2 The effects of enkephalin (Enk), morphine and naloxone 
on K*-stimulated release of *H-GABA from amacrine cells of the 
goldfish retina. The GABAergic amacrine cells were pre-loaded by 
incubating the retinae in the dark for 15 min in saline containing 
3H-GABA. Then the retinae were incubated with unlabelled 
saline for 60 min and the release of *H-GABA into the solution 
was measured by scintillation counting’? every 3 min until it 
became constant. Each piece of retina was then transferred to 
K*-rich Ringer’s solution (28 mM K*) to which was added Met*- 
or Leu’-enkephalin (10°°M), morphine (1075M) or naloxone 
(107°M), alone or in combination. After incubation for 6 min 
(23 min) in these solutions, each retina was again transferred to 
normal unlabelled saline. The percentage of 7H-GABA released 
from the retina by K*-stimulation was calculated using the follow- 
ing formula: K” -induced >H-GABA release (d.p.m.) - °H-GABA 
efflux in normal! Ringer’s solution (d.p.m.)/7H-GABA remaining 
in the retina (d.p.m.). Each value is the mean +s.e.m. of at least 
seven experiments. 


INL 


ISL 


GCL 
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of retina was measured using methods described previously'™"', 
except that the K*-rich saline contained only 28 mM instead of 
56 mM K*, and while one half was incubated in saline, the other 
half was incubated in saline containing enkephalin, morphine or 
naloxone, alone or in combination (for details see Fig. 2 legend). 
Using this method, we have previously shown"? that “H-GABA 
accumulated by goldfish retinal cells is released in response to 
high external K* concentrations and that this release is inhibited 
by 1 or 10mM Co** in the medium. Figure 2 shows that 
enkephalin and morphine suppress the K*-stimulated, Ca?*- 
dependent release of *H-GABA from goldfish GABA 
amacrines (loaded in dark) but not from H1 cone horizontal cells 
(loaded in light; not shown). Both Met*- and Leu*-enkephalin 
have similar dose-dependent effects on GABA release, the 
inhibition of which ranges from 60% to 0% at 10°° and 107° M 
enkephalin, respectively. Naloxone blocks the effect of enke- 
phalin on GABA release from the amacrine cells but has no 
effect by itself in these incubation conditions. Furthermore, the 
suppression of K*-stimulated *H-GABA release by enkephalin 
is not due to inhibition of the GABA uptake system, as retinae 
accumulate the same amount of *#H-GABA in the presence or 
absence of 10°°M enkephalin, and enkephalin inhibits °H- 
GABA release from amacrines even in the presence of 10°*M 
nipecotic acid, a specific inhibitor of GABA uptake (Chin and 
Lam, in preparation). 

Our results show that in the inner synaptic layer of goldfish 
retina there are pharmacologically identifiable opioid path- 
ways'’. The pathway to ON-centre ganglion cells seems to 
consist of at least an intrinsic peptidergic (opioid) neurone, 
which may release an enkephalin, and an intrinsic GABAergic 
amacrine cell which is inhibited by the opioid peptide and in turn 
inhibits the ganglion cell. The simplest scheme for such a 
pathway is shown in Fig. 3. Additional elements, such as excita- 
tory interneurones between enkephalinergic amacrine (Agur) 
and GABAergic amacrine (Agana) or between Acana and the 
ON-centre ganglion cell, are possible. An overall effect of 
the presumed endogenous opioid transmitter, then, is to 
excite the ON-centre ganglion cells through disinhibition 
(opioid pathways to other ganglion cells may differ). This role of 
opioids in retinal ON pathways resembles their role elsewhere. 
For example, the immediate postsynaptic effect of enkephalins 
is generally inhibitory", and the cells postsynaptic to enke- 





Fig. 3 The simplest probable hypothetical circuit of opioid and GABAergic neural pathways affecting ON-centre ganglion cells in the inner 

synaptic layer (ISL) of goldfish retina. Open arrows indicate inhibition (I); solid arrows indicate excitation (E). The presumed enkephalinergic 

amacrine (Agnx) is inhibitory te the GABA amacrine {Agasa), which in turn is inhibitory to the depolarizing bipolar (Bon). The ON-centre 

ganglion cell (Gon) may be inhibited by the GABA amacrine either directly or through excitatory input from the depolarizing bipolar. The 

nature of the synaptic input(s) te the presumed enkephalin cell are unknown. OSL, outer synaptic layer; INL, inner nuclear layer, GCL/OFL, 
ganglion cell/optic fibre layer. 
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phalinergic neurones may themselves often be inhibitory'*. In 
specific cases described recently, exogenous opiates inhibited 
the activity of GABA interneurones in the hippocampus'*"'* 
and olfactory bulb’*; the K*-evoked, Ca?“ -dependent release of 
GABA from rat brain synaptosomes”, and the induced release 
in vivo of GABA from rat sensorimotor cortex'*. These features 
are particularly clear in the goldfish retina which, because of its 
well-known neural organization and convenience as a natural 
‘brain slice’, may be ideal for further testing of the organization 
of transmitter-specific neuronal assemblies such as these. 
These results suggest interesting interpretations of the 
functional organization of the vertebrate retina. The precise 
function of amacrine cells is unknown, although they are 
generally supposed to have a critical role in controlling retinal 
output (ganglion cell responses)'*. For example, in the inhibi- 
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With the development of radioligand binding assays for identi- 
fying hormone receptors directly, it has become evident that the 
number of receptors in a particular cell or tissue does not remain 
constant but can in fact, be regulated by a variety of agents’. 
Receptor concentrations decrease with exposure to homologous 
hormone (called densitization or down-regulation) but may be 
affected differently by heterologous hormones. Thus in the 
adrenergic contractile response of rabbit myometrium, medi- 
ated by a-adrenergic receptors’, the concentration of a- 
adrenergic receptors is regulated by sex steroids**. This 
oestrogen treatment increases the concentration of myometrial 
a-adrenergic receptors approximately threefold over that 
measured in myometrium from immature rabbits, and, 
furthermore, is accompanied by an increased contractile 
response to catecholamines*. We report here that, after 24 h in 
organ culture. rabbit myometrium is more sensitive to a- 
adrenergic stimulation in vitro, and that particulate fractions 
prepared from cultured myometrium have a threefold increase 
in a-adrenergic receptors but not 8 -adrenergic receptors when 
compared with myometrium that has not been cultured. Our 
results suggest that the myometrium a-adrenergic receptor, in 
addition to being regulated by oestrogen, seems to be under 
tonic inhibitory control in vivo and that this control may only in 
part be accounted for by catecholamines. 


*Present address: Department of Physiology and Biophysics, University of Arkansas for 
Medical Sciences, 4301 West Markham Street, Little Rock, Arkansas 72205, USA. 


Uteri from immature New Zealand rabbits (typically six 
rabbits per experiment) were pooled, the endometrium 
removed and myometrial strips divided equally into two groups. 
Myometrium in the first group was used immediately in iso- 
metric contraction studies or was homogenized and a particulate 
fraction prepared for binding studies, while myometrium in the 
second group was cultured. After 24 h in organ culture, strips 
were selected for isometric contraction studies or prepared for 
binding studies. *H-dihydroergocryptine (DHE) was used to 
identify myometrial a-adrenergic receptors as described by 
Roberts et al.* with several modifications (see Table 1). Binding 
of DHE to rabbit myometrium had been shown previously to 
meet the criteria for binding to the a-adrenergic receptor". 
3H-dihydroalprenolol (DHA) binding was found to be compa- 
tible with interaction with the 8 -adrenergic receptor. 

Particulate fractions prepared from immature rabbit myo- 
metrium demonstrated a single class of binding site with low 
capacity and high affinity for DHE. After 24 h in organ culture, 
the concentration of DHE binding sites was significantly (P < 
0.005) increased but the dissociation constant was unchanged 
(Table 1). The differences in the concentration of DHE binding 
sites in the particulate fractions prepared from cultured 
myometrium and myometrium that had not been cultured could 
not be attributed to either differences in numbers of cells as 
determined by DNA content’ of the homogenized strips 
(control, 5.06 +0.50 pg DNA per mg wet weight; 24 h culture, 
6.21 +0.67) or differential recoveries of protein” (control, 1.6+ 
0.2 mg per g wet weight; 24 h culture, 1.40.4) or plasma 
membrane as determined by 5’-nucleotidase activity (control, 
2.83+0.48 ug P, per mg protein per min; 24 h culture, 2.24+ 
0.41). 5'-Nucleotidase activity of the particulate fractions was 
determined by the method of Solymon and Trams’ at a protein 
concentration of 0.16£0.20 mg ml’ for 20 min. 
Free inorganic phosphate was determined by the method of 
Chen et al."®. 

DHE binding to the particulate fractions prepared from 
cultured myometrium retained the characteristics of a- 
adrenergic receptor interactions. The DHE binding site was 
stereoselective; the (—)-steroisomer of adrenaline (K,= 0.2 
uM) was 20 times more potent than the (+)-stereoisomer 
(K;=4.0 uM) in competing for DHE binding. The order of 





0028-0836/8 1 /330623--03$01.00 


© 1981 Macmillan Journals Lid 


624 


Nature Vol. 292 13 August 1981 


Table i Dissociation constants and concentration of binding sites for DHE and DHA in rabbit myometrium 





DHE binding 
(n = 6) 


DHA binding 
(n = 4) 





Concentration of 


Dissociation 


Concentration of Dissociation 


binding sites constant binding sites constant 

(fmol per mg protein) (nM) (fmol per mg protein) (mM) 
Control 91+10 2.6+0.3 5346 0.5+0.1 
24 h organ culture 250+ 6* 2.9+0.6 4644 0.340.1 


Sieen ea 

Myometrium was cut into pieces not larger than 3 x 10 mm and washed in Ham’s F-10 culture medium at room temperature. Myometrial strips (two 
to three per well) were cultured in 3 ml of serum-free Ham's F-10 culture medium with penicillin at 100 U ml! and streptomycin at 100 pg ml) ina 
humidified 95% air/5% CO, atmosphere at 37°C. Particulate fractions were prepared as previously described* except that the 10,000g 
centrifugation step was deleted from the protocol and dithiothreitol was omitted from the buffer used in the final pellet suspension. The DHE 
radioligand binding assay was used as previously described’ except that dithiothreitol was omitted from the assay tubes and instead ascorbic acid at a 
final concentration of 1.0 mM was used as an antioxidant, and the wash buffer used was 20 mM K,HPO,, 1 mM MgSO, at pH 8.0. Final concentrations 
of DHE were 1-16 nM. The DHA radioligand binding assay was identical to the DHE assay except that the temperature of the wash buffer was 4 °C 
and the wash volume was 25 ml. Final concentrations of DHA were 0.1-16 nM. 

*Significantly (P < 0.005) different from control as determined by use of unpaired Student’s t-test. 


potency of agonist competition for binding to particulate frac- 
tions prepared from cultured myometrium—adrenaline (K;= 
0.6+0.2 uM) = noradrenaline (K,= 1.8+0.7 uM) > isoprena- 
line (K, > 10 pM)—is identical to the order of potency for these 
agonists in stimulating contraction of rabbit myometrium’. 
Inhibitory constants (K,) were calculated from the relationship 
K; = EDs5o/(1 +[DHE]/K,4), described by Cheng and Prusoff"’ 
and are presented in Table 1 as the X +s.e.m. from three 
experiments using particulate fractions from different rabbits. 

The increased concentration of DHE binding sites in 
myometrium after 24 h in culture was accompanied by a 
significant increase in sensitivity to contraction induced by 
noradrenaline (Fig. 1a) and methoxamine, an a-adrenergic 
agonist subject to neither nerve re-uptake nor metabolism by 
catechol-O-methyltransferase (Fig. 1b). However, there was no 
change in sensitivity of cultured myometrium to acetylcholine 
(Fig. Ic). 

The leftward shifts of the dose-response curves for 
noradrenaline- and methoxamine-induced contraction indicate 
that myometrial sensitivity to adrenergic stimulation increases 
during organ culture. The known examples of increased sensi- 
tivity or ‘supersensitivity’ have been divided into two major 
types'*, ‘Deviation’ supersensitivity, or prejunctional super- 
sensitivity’’, is characterized by changes in the amount of 
agonist that is available to interact with receptors. Supersen- 
sitivity of this type would arise in our system if either decreased 
adrenergic neuronal uptake or decreased metabolism of amines 
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log {Noradrenaline] (My log [Methosamine] (M) log [Acetylcholine] (M) 
Fig. 1 Contractile response of myometrial strips that had not 
been cultured (@) and myometrial strips that had been cultured for 
24 h (©) to cumulative doses of noradrenaline (a), methoxamine 
(b) and acetylcholine (c). Calculated EDsg (X +s.e.m.) from 
individual experiments (n = 10) were as follows: a,@, 2.8+0.6 
uM; ©, 0.6+0.2 pM (P <0.05); b, @, 22.2 44.0 M; O, 3.94 1.0 
pM (P<0.05); c, @, 3.841.7 uM; ©, 14+£0.5 pM (not 
significant). Statistical significance was determined by use of 
unpaired Student’s t-test. Isometric contraction studies were car- 
tied out in isolated baths maintained at 37 °C with Krebs-Ringer 
bicarbonate buffer (1.8 mM Ca?*, glucose at 1 mg m!”', pH 7.4) 
and aerated with 95% O2/5% CO, Myometrial strips were 
suspended from a Grass FT03 strain-gauge transducer at an initial 
tension of 1 g for 1 h during which time the Krebs-Ringer solution 
was replaced at 15-min intervals. After 1 h, the tension was 
reduced to 0.25 g and the response recorded with a Grass phy- 
siograph. Response was calculated by integrating the area under 
the tracing for a standardized period of time. 


was present in the cultured myometrium. As cultured 
myometrium was also more sensitive to methoxamine-induced 
contraction it is unlikely that ‘deviation’ supersensitivity is the 
underlying mechanism. 

‘Nondeviation’ supersensitivity, or postjunctional supersen- 
sivity, as reviewed by Fleming et al.'*, develops as a result of 
suppression of contact between neurotransmitter and its effector 
cell. Several different mechanisms have been proposed for 
postjunctional supersensitivity, including increased receptor 
concentration’*. For example, in the rat depletion of neuro- 
transmitter with reserpine leads to a leftward shift in the dose- 
response curve for noradrenaline- and carbachol-stimulated 
potassium release of submaxillary gland slices'* and this super- 
sensitivity has been correlated with an increase in both a- and 
B-adrenergic receptor concentration’. In smooth muscle, 
postjunctional supersensitivity has been characterized by a 
nonspecific increase in sensitivity to various agonists acting on 
their specific receptors, and the response to changes in extracel- 
lular potassium and calcium ion concentration is altered'*"”. 
Our results show that cultured myometrium did not exhibit an 
increased sensitivity to acetylcholine, indicating that the obser- 
ved increase in sensitivity is specific for a -adrenergically medi- 
ated contraction. 





Table 2 Effect of the addition of (—)noradrenaline to the culture 
medium on the concentration of DHE binding sites 





DHE binding site 
concentration 
Treatment (% of control) 
Control 100 
8h culture 145418 
0.1 mM ascorbate 
8 h culture 1019 


0.1 mM ascorbate 
1.0 uM (— noradrenaline 





Myometrial strips were cultured as described in the text except that 
the culture medium was changed at 2-h intervals and after 8 h the strips 
were homogenized and particulate fractions prepared. In a preliminary 
experiment, Scatchard analysis indicated similar dissociation constants 
for DHE binding to particulate fractions prepared from myometrial 
strips cultured in the presence of either ascorbate or ascorbate and 
noradrenaline. Thus, it was unlikely that the particulate fractions pre- 
pared from noradrenaline-treated myometrium contained a higher 
concentration of noradrenaline which competed with DHE in the 
binding assay thereby producing an apparent decrease in DHE binding 
sites. To conserve tissue, the concentration of DHE binding sites was 
estimated by using a saturating concentration (~ 12 nM) of DHE and 10 
uM phentolamine to define nonspecific binding and was expressed as a 
percentage of DHE binding sites in myometrium from the same animals 
that had not been cultured (n = 4). 

* Significantly different from strips cultured for 8 h with 0.1 mM 
ascorbate as determined by use of paired Student’s t- test. 
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Table 3 Effect of hexamethonium on myometrial DHE and DHA 
binding sites 








DHE binding DHA binding 
sites sites 
(fmol per mg (fmol per mg 
Treatment protein) protein) 
Control 80+14 $2413 
10 mg per kg hexamethonium 159+20* 724 5t 





Immature rabbits received five subcutaneous injections of 
hexamethonium (10 mg per kg) dissolved in 0.9% NaCl at 6-h intervals, 
were killed within 1 h of the last injection and their uteri removed. 
Preparation of myometrial particulate fractions and binding assays, 
including radioligand concentrations, were performed as described in 
Table 1 legend. Data are reported as the X +s.e.m. 

* Significantly (P <0.01) different from control; unpaired Student’s 
t-test. 

+ Significantly (P < 0.05) different from control; unpaired Student’s 
t-test. 


The observed increase of a-adrenergic receptors in cultured 
myometrium suggested that tonic inhibitory influences are 
present in vivo. The addition of noradrenaline (1.0 pM) to the 
culture medium prevented the increase in a-adrenergic recep- 
tors (Table 2). However, the results from this experiment alone 
do not indicate a regulatory role of catecholamines in vivo. To 
examine this possibility further, immature rabbits were treated 
with hexamethonium, a ganglionic blocking agent", resulting in 
a significant increase in DHE binding sites (P <0.01) and in 
DHA binding sites (P < 0.05). 

The finding that noradrenaline prevented the in vitro increase 
in the concentration of myometrial a-adrenergic receptors 
whereas in vivo treatment of rabbits with hexamethonium 
resulted in an increase in the concentration of these receptors 
suggests that catecholamines may tonically down-regulate the 
æ -adrenergic receptor in vivo. However, this may not be the 
only process involved, because the magnitude of the increase 
(99%) in a-adrenergic receptors with 24 h hexamethonium 
treatment was less than that (260%) observed during the organ 
culture over the same period of time. This difference could 
reflect an incomplete ganglionic blockade with the dose of 
hexamethonium used. However, there was no further increase 
in myometrial DHE binding sites (150 + 14 fmol per mg protein; 
n= 3) of rabbits in which the dose of hexamethonium was 
increased to 20 mg per kg. 

Thus, our studies suggest that in addition to regulation by sex 
steroids**, the myometrial a-adrenergic receptor of the 
immature rabbit seems to be under inhibitory control in vivo by 
endogenous catecholamines and an unidentified mechanism. 
The techniques described for organ culture of rabbit 
myometrium should facilitate investigation of the cellular 
mechanisms involved in the control of adrenergic receptors and 
their relationship to physiological response in this tissue. 

We thank A. Giser for technical assistance. This work was 
supported by NIH grant HD 08006. J.M.R. is a recipient of NIH 
Research Career Development Award HD 00267, and L.E.C. 
of a NIH National Research Service Award HD 05793. 
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Monosynaptic muscarinic activation 
of K* conductance underlies the 
slow inhibitory postsynaptic 
potential in sympathetic ganglia 


John P. Horn & Jane Dodd 
Department of Neurobiology, Harvard Medical School, 
25 Shattuck Street, Boston, Massachusetts 02114, USA 





Slow muscarinic inhibition, which lasts seconds or longer, is 
probably an important modulator of synaptic interactions in the 
central and peripheral nervous systems. Neither the cellular 
location of muscarinic receptors nor the ionic mechanism 
underlying the inhibition is well understood. In parasympathetic 
neurones of the cardiac ganglion in the mudpuppy, activation of 
muscarinic receptors leads to an inhibitory postsynaptic poten~ 
tial (i.p.s.p.) produced by an increase in membrane conductance 
to K* (ref. 1). At other sites, including sympathetic ganglia, 
however, the situation is less clear. Inthe 9th and 10th paraver- 
tebral sympathetic ganglia of the bullfrog stimulation of synaptic 
inputs to C neurones produces a slow muscarinic i.p.s.p.". From 
extracellular recordings, it was suggested’ that this slow i.p.s.p. 
is mediated through muscarinic excitation of an inhibitory, 
catecholamine-releasing interneurone. However, using similar 
methods, Weight er al.** reported that muscarinic receptors are 
located on C neurones themselves. Further controversy exists 
over the ionic basis of the i.p.s.p.; stimulation of an electrogenic 
ion pump’ and reduction of membrane Na* conductance*® have 
both been proposed but remain unsubstantiated. We now 
present evidence, from intracellular recordings, that acetyl- 
choline (ACh) produces a monosynaptic activation of 
muscarinic receptors located on sympathetic C neurones, and 
the i.p.s.p. is accompanied by an increase in membrane K* 
conductance. 

Sympathetic chains, including ganglia 7-10, were isolated 
from 4-6-inch bullfrogs (Rana catesbiana) and maintained in 
vitro. Spinal nerves 7 and 8, the sympathetic chain above 
ganglion 7 and the sciatic nerve were each fitted with suction 
electrodes to permit orthodromic and antidromic stimulation of 
ganglion cells. Cell bodies were impaled with microelectrodes 
made from 1.0-mm o.d. wall glass (Haer, WPI) and filled with 
3M KCI (resistances = 70-120 MQ). A bridge circuit was used 
to estimate membrane potential while passing current through 
the microelectrode. Iontophoretic pipettes were filled with 1 M 
ACh (resistance 100 MQ, backing current 1-4 nA). Micro- 
pipettes were positioned under visual contro! with Zeiss 
Nomarski optics (x40 water immersion objective). The pre- 
paration was superfused with Ringer’s solution composed of 
115mM NaCl, 2mM KCI, 1.8mM CaCl, 1 mM HEPES, 
pH 7.2. Dihydro-8-erythroidine HBr (DHE, gift of Merck), 
d-tubocurarine Cl (dTC, Sigma) and atropine (Sigma) were 
applied by superfusion in the Ringer's. 

Two classes of neurone are found in the 9th and 10th ganglia. 
They are identified by the origin and latency of the input 
producing a fast, nicotinic excitatory postsynaptic potential 
(e.p.s.p.). In agreement with others”, we found that C 
neurones received their innervation from spinal nerves 7 and 8, 
whereas B neurones received theirs from higher spinal segments 
through the sympathetic chain. The latencies of nicotinic e.p.s.ps 
were 5-10 times greater in C neurones than in B neurones, Ina 
given preparation, C neurones were generally much smaller 
than B neurones and cell size was used as a guide to impale C 
neurones preferentially. I.p.s.ps were never observed in a B 
neurone (see also ref. 2). 

A single orthodromic shock, or a short train at 10 Hz, to an 
impaled C neurone in drug-free Ringer’s elicited suprathreshold 
fast e.p.s.ps followed by a hyperpolarization of 5-25 mV, lasting 
1-4 s (Fig. 1a). Superfusion with 100 nM atropine blocked the 
hyperpolarization which then recovered when atropine was 
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Fig.1 Pharmacology of the i.p.s.p. a, Response of a C neurone to 
10 stimuli at 10 Hz to nerves 7 and 8. b, After each synaptic trial a 
single iontophoretic pulse (15 nA, 5ms) of ACh was applied 
(arrow). c, A train of antidromic action potentials elicited by 10 
stimuli to the sciatic nerve. The tops of the action potentials in 
drug-free Ringer's and in 100 nM atropine have been cropped.. 
Shock artefacts are evident in a and c. Atropine blockade was 
maximal by 10 min and was reversed by washing in drug-free 
Ringer's for 45 min. During atropine blockade, the nicotinic 
response to ACh became suprathreshold. After 20 min in 100 uM 
dTC, the fast e.p.s.p. and ACh-evoked depolarization were 
blocked, revealing pure hyperpolarizing responses. 
Temperature = 27 °C. 


washed out. The orthodromic hyperpolarization was distinctly 
larger than the summated afterpotential following a comparable 
train of antidromic action potentials (Fig. 1c). When the fast 
€.p.3.p. and consequent spike were blocked with either 
4uMDHBE or 100pMdTC, a pure, atropine-sensitive, 
hyperpolarizing i.p.s.p. remained. These synaptic responses 
were mimicked by iontophoretically applied ACh (Fig. 15). In 
normal Ringer’s, a single pulse of ACh produced a biphasic 
response consisting of an early, depolarizing phase lasting 
200 ms, followed by a larger, hyperpolarizing phase lasting 2 s. 
Atropine selectively abolished the hyperpolarization while 
curariform drugs blocked the depolarization. Thus the 
muscarinic i.p.s.p. is present in drug-free C neurones and can be 
mimicked by the application of ACh. 

The possibility that an interneurone is involved in the genera- 
tion of the i.p.s.p. was tested by measuring the effect of blocking 
synaptic release on the response to iontophoretically applied 
ACh in a curarized preparation (Fig. 2). The iontophoretic 
current was adjusted so that the ACh response closely mimicked 
the amplitude and time course of the i.p.s.p. Then the pre- 
paration was superfused with 0.18mM Ca’*, 8mM Mg” 
Ringer’s, which abolished the nerve-evoked slow i.p.s.p. but left 
the iontophoretic response unchanged. The synaptic response 
returned when normal Ringer’s was reintroduced and both the 
i.p.s.p. and the ACh responses were then blocked completely 
with atropine. This demonstrates that the muscarinic action of 
ACh is independent of Ca?*-sensitive release and is probably a 
direct effect on C cells. 

The mechanism underlying the i.p.s.p. was examined by 
varying the membrane potential. In 20 cells, in which 10 stimuli 
at 10 Hz elicited an average i.p.s.p. of 12+1.8 mV (s.e.m.) at 
resting potential —51+1.5mV (s.e.m.), polarizing current 
produced the effects illustrated in Fig. 3a. Depolarizing current 
reduced the amplitude and duration of the i.p.s.p. With pro- 
gressive hyperpolarization, i.p.s.p. amplitude increased to a 
peak value, then became smaller and reversed. The i.p.s.p. 
reversed at a membrane potential near that at which the anti- 
dromic action potential afterpotential reverses. From recordings 
mace with a balanced bridge circuit we estimated that the i.p.s.p. 
reverses at ~100+£4.2 mV (s.e.m.), n =4 and the spike after- 
potential reverses at ~88+ 2.4 mV (s.e.m.), n = 5 (for example 
Fig. 3c, d). 

Interpretation of the voltage sensitivity of the i.p.s.p. requires 
information about the current-voltage (I-V } relationship of C 





cells. Figure 3% is an Z-V plot obtained by passing a slow current 
ramp through a balanced electrode. It is representative of data 
from five cells in which the average slope resistance increased 
sharply from 93+ 14 MQ (s.e.m.) to 380+ 59 MQ (s.e.m.) dur- 
ing hyperpolarization from rest. Over the linear, high-resistance 
range of the Z-V curve, i-p.s.p. amplitude was a linear function 
of membrane potential and underwent reversal, suggesting a 
synaptically activated increase in membrane conductance. The 
curved portion of the J-V curve coincided with the range in 
which i.p.s.p. amplitude and spike afterpotential amplitude 
deviated from a linear dependence on membrane potential 
(compare Fig. 3b with c and d). In other words, both the ip.s.p. 
and the afterpotential appeared to be shunted by a decrease in 
membrane input resistance at depolarized potentials. 

The muscarinic conductance change was also investigated by 
passing 0.5-s current pulses across the membrane before and 
during the i.p.s.p, (not shown). As expected, there was always a 
decrease in membrane resistance during the i.p.s.p. over the 
linear, high-resistance part of the I-V relationship. In the region 
of transition from low- to high-input resistance we sometimes 
observed a resistance increase during the i.p.s.p. (see also refs 4, 
8). However, this increase was consistently smaller than that 
produced by simply hyperpolarizing the membrane with 
injected current in the absence of an i.p.s.p. Thus despite the 
apparent decrease, the i.p.s.p. was always accompanied by an 
increase in membrane conductance. In three cells the conduc- 
tance increase during the i.p.s.p. ranged from 1.6 to 3.9 nS. 
These estimates were made over the linear portion of the I-V 
plot and represent approximately a doubling of resting 
membrane conductance (1/380 MQ = 2.6 nS). 

The preceding experiments imply that K* and/or C1” carry 
synaptic current. Such possibilities are usually distinguished by 
altering ion concentration gradients. The fact that use of KCI- 
filled microelectrodes had no discernible effect on the i.p.s.p. 
reversal potential suggests that CI” is not involved. In contrast, 
when extracellular K* was increased from 2 to 10mM, the 
reversal potential shifted to a substantially depolarized value 
(Fig. 4), indicating that K* carries synaptic current. 

Taken together, these experiments indicate a similarity 
between the muscarinic i.p.s.ps of bullfrog sympathetic 
neurones and mudpuppy parasympathetic neurones: each 
involves a monosynaptic process dominated by an increase in K* 
conductance. Furthermore, the inhibitory nature of this 
mechanism has been demonstrated. In some conditions (Fig. 3a, 
0 pA and +40 pA) C neurones fired repetitively in response to a 
single antidromic shock and the i.p.s.p. blocked this firing. The 
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Fig. 2 Blocking synaptic release does not alter the muscarinic 
action of ACh on a C neurone. In normal Ringer's, containing 
100 uM dTC, the synaptic response (10 stimuli at 10 Hz to nerves 
7 and 8) was mimicked by iontophoretically applied ACh (nine 
pulses of 20nA, 4ms, marked by arrows). After 10min in 
0.18 mM Ca”*, 8 mM Mgt Ringer's, the synaptic response was 
selectively blocked. After 20 min of washing in normal Ringer’s, 
the synaptic response returned, Both the synaptic and the ACh- 
evoked responses were completely blocked by 100 nM atropine. 
Temperature = 22 °C. 
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and used to construct an H-V curve by playing the data mto an x-7 plotter. Bottom, the electrode was then withdrawn from the call and the same current ramp was 
passed through the electrode alone. Membrano potentials were estimated in the range over which the unbelanced electrode resutance was <10% of the total 
- The unbalanced electrode reazstance was —20 MO. Subtracting this from the top plot gives slope reezstances of 135 MO at 0 pA and 505 MO 


measured 
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* powerful influence of the i.p.s.p. on membrane properties 


suggests how monosynaptic inhibition might contribute to the 
integrative function of autonomic neurones. 
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Fig. 4 K™ dependence of the |.p.s.p. reversal potential A plot of 
peak Lp.s.p. amplitude versus membrane potential. @, In 2 mM K* 
Ringer’s, the Lps.p. reversed at —110 mV. @, After 20 min. 
washing in 10 mM K* Ringer’s, the i.p.s.p. reversed at —68 mV. Ml, 
After 20 min washing m 2 mM K* Ringer’s, the reversal returned 
to —110 mV. Lines were drawn by eye. Assuming intracellular K* 
concentration tobe constént tha ahit bak oqallibchen po ential: 
calculated from the Nernst equation, would be 41 mV. Altering 
extracellular K* concentration produced no obvious change in 
either the resting potential (—51 mV) or the I-V relationship of 
this cell. At the Lp.s.p. reversal potential, the input resistance of the 
cell was 247 MO, aftf [bial (—51 mV) or the F-V relationship of this 
cell. At the Lp.s.p. reversal potential, the input resistance of the cell 
was 247 MO), after correcting for 24 MN of unbalanced electrode 
resistance. Temperature = 23 °C, 


versus membrane potential Note that the 
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Recognition of H-2 domains 
by cytotoxic T lymphocytes 


C. Weyand, G. J. Hämmerling* & J. Goronzy 


The polymorphic major kistocompatiblity antigens (H-2) kave 


a crectal role in the activation of antigen-specific T lymphocytes. 


systems most T cells are only able to recognize foreign antigens 
in conjunction with their owa MHC (major histocompatibility 
SADa A eee ee’ 

may be the key to our understanding of the biological function 

SEC tule so AA daa: wae etnai is Teas 
H-2 on a molecular level is confined to particular domains on 
the H-2 molecule, nor whether the tame polymorphic H-2 sites, 
Se On Ge 
gemelc as well as by H-2-restricted syngeneic CTLs. Previous 
fudings’ indicate the existence of at least two major poly- 
morphic domains on the H-2K* molecule as defied by sati- 
bodies. Here we show the existence of CTLs with specifity for 


these polymorphic domains, and the preferential recognition of 
a particular domain by both alloreactive as well as H-2-restric- 
ted CTLs. 


Recent competitive antibody-binding studies using six 
monoclonal antibodies against different determinants on the 
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Fig. 1 Antigenic determinants on the H-2K" molecule are 
concentrated in two clusters. This schematic diagram of the spatial 
relationship of H-2K* determinants was obtained by antibody 
competition studies in which the binding of six different 
radiolabelled monoclonal antibodies to H~-2K*-bearing cells was 
competed by addition of various cold antibodies in all possible 
permutations. The 50% inhibition values have been used as a very 
rough measure of the relative distance between determinants on 
the H-2K* molecule. Antibodies. within one cluster cross-block 
each other to varying degrees but do not interfere with binding to 
the other cluster, as described in more detail elsewhere’. Bio- 
chemical evidence indicates that all six determinants are located on 
the same molecule. 


H-2K* molecule? have provided information on the steric rela- 
tionship of individual determinants’. The six H~2K* deter- 
minants defined by monoclonal antibodies are concentrated on 
the H-2K* molecule in two spatially separated polymorphic 
domains, clusters A and B, which are shown schematically in 
Fig. 1. We have used these monoclonal antibodies to block the 
target antigen for allogeneic as well as H-2-restricted CTLs to 
assess which H-2 sites are target epitopes for CTLs. H~2K*- 
specific CTLs were produced in vitro by activation of DBA/2 
splenocytes with irradiated A/J stimulator cells. Figure 2 shows 
the ability of different concentrations of monoclonal anti-H- 
2K* antibodies to block target cell lysis. None of the monoclonal 
antibodies completely inhibited cytolysis, whereas a mixture of 
these plus a polyvalent anti-H-2K* alloantiserum almost 
completely blocked target cell lysis. These findings indicate that 
single monoclonal antibody bound to a particular determinant 
on the H-2K* molecule prevents the interaction of only some, 
but not all, CTL clones with the target molecule, suggesting the 
existence of different CTL clones with specificity for distinct 
H-2 determinants. This conclusion has been supported by target 
inhibition of alloreactive as well as H-2-restricted CTL clones 
generated in a limiting dilution system which showed that 
individual monoclonal antibodies block only 10-50% of CTL 
clones (our unpublished data). 

Figure 2 clearly shows that the monoclonal antibodies fall into 
two distinct groups which differ with regard to their inhibitory 
capacity. Antibodies belonging to cluster A (see Fig. 2a, centre 
panel) reduce *'Cr release from 80% to ~40% of the plateau 
level while those of cluster B reduce cytolysis to ~20%. The 
same difference is observed when the monoclonal antibodies are 
used at maximal inhibitory concentration (1:50 or 1:100 dilu- 
tion), the ratio of killer cells to targets being varied (see Fig. 25). 
Again monoclonal antibodies to cluster B are much more 
efficient in target inhibition, suggesting that more CTL clones 
are reactive against determinants belonging to cluster B than 
against those belonging to cluster A. 

Next, we analysed an H-2-restricted CTL system in which 
CTLs from H-2" mice recognize the hapten trinitrophenyl 
(TNP) linked to the H-2K* molecule*. CBA splenocytes were 
sensitized in vitro with TNP-conjugated CBA spleen cells and 
cytolytic activity was determined after 6 days of culture on 
TNP-conjugated H~2* target cells. Control experiments 
established that the TNP-specific CTLs were predominantly 
restricted by the K end (data not shown). Inhibition of the 
TNP-specific CTLs by anti-K* antibodies showed again that 
each individual antibody blocks only a fraction of the CTL 
effector population while a mixture of monoclonal antibodies or 
a polyvalent antiserum against K* almost completely prevents 
lysis (see Fig. 3). These findings indicate that CTLs can recognize 
TNP in conjunction with different H-2 determinants, or in other 





words, that one H~2K* molecule carries more than one restric- 
tion site. As was also observed for allogeneic anti-K* CTLs (Fig. 
2), it was found for the TNP system that antibodies to cluster B 
were much more effective in preventing target cell lysis than 
antibodies to cluster A. The same conclusion was reached when 
the antibody concentration was constant at maximal inhibitory 
concentration (1:50-1:100 dilution) and the killer cells titrated 
(data not shown). 

Calculation of lytic units provides an estimate of the relative 
number of CTLs in a population’. These data (see Table 1) show 
that in the presence of monoclonal antibodies to cluster B, on 
average three times fewer lytic units are measured than in the 
presence of monoclonal antibodies to cluster A. Taken together, 
these data suggest that about three times as many alloreactive 
and self-restricted CTLs are present which react with deter- 
minants of cluster B. 

Target inhibition by monoclonal antibodies has also been 
described by others®’ but our report provides additional 
information on the correlation of CTL specificity with the steric 
arrangement of H~2 determinants. The data show that both 
alloreactive as well as TNP-specific H-2-restricted populations 
are heterogeneous with regard to which H-2 epitopes on a given 
molecule are recognized, and that both CTL populations show 
preference for a particular domain on the H-2K* molecule 
which is characterized by antibodies to cluster B. It is not clear 
from our results whether CTLs recognize exactly the same 
determinants as monoclonal antibodies or whether the latter 
block spatially related determinants only by steric hindrance. 
Another possibility is that monoclonal antibodies induce con- 
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Fig. 2 Target inhibition of H~2K* “specific, alloreactive CTLs by 
monoclonal anti-H-2K* antibodies. 10x 10° DBA/2 (d/d) spleen 
cells were stimulated with 12x 10° A/J (k/d) irradiated spleen 
cells as described. elsewhere”. After 5 days, CTL activity was 
measured against °'Cr-labelled L929 (H-2*) target cells for 4 h in 
the presence of anti-K* antibodies in a total volume of 200 pl using 
methods described previously“. These CTLs were shown to be 
specific for K“ (results not shown). In some experiments B10.D2 
responders and B10.A stimulators were used. The figure shows a 
typical experiment which was repeated several times with the same 
results. a, Effect of different concentrations of monoclonal anti- 
bodies ascites on cytolysis at an effector to target ratio of 50:1. Left 
frame: ©, medium control; A, control ascites 13/18; ©, 
hyperimmune BALB/c anti-A/J alloantiserum; @, mixture of six 
monoclonal anti-K* antibodies. Middle frame, anti-K* antibody 
describing cluster A: V, m3 = H100-5R28; W, m4 = H100-27R55; 
@, mi = H116-22R7. Right frame, monoclonal anti-K* antibody 
describing cluster B: ©, m5 = H100-30R23; V, m9 = H142-23/3; 
A, m10=H142-45/2. b, CTL titration in the presence of a 
constant amount of blocking antibodies (1:50 dilution of ascites). 
Same symbols as for a. 
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Fig. 3 Target inhibition of TNP-specific H-2K*-restricted CTLs 
from CBA (H-2*) mice by monoclonal anti- K* antibody. TNP- 
specific CTLs were produced in vitro by activation of CBA spleno- 
cytes against TNP-conjugated CBA spleen as described else- 
where*, CTL activity was measured at an effector to target ratio of 
50:1 against TNP- conjugated *'Cr-labelled L929 (H-2") target 
cells in the presence of various concentrations of blocking anti- 
bodies. By using different targets as well as cold target inhibition it 
was established that most CTLs were restricted by K*. From other 
studies it is known that the antibodies used here mediate their 
blocking effect by*inhibition of the target determinant and not 
when they are directed against the effector cells®. Symbols are the 
same as for Fig. 2. Left frame: ©, medium control; A, control 
ascites 13/18; 0, BALB/c anti-A/J alloantiserum; @, mixture of 
six monoclonal anti-K* antibodies. Middle frame, ascites of 
monoclonal antibody to cluster A (m1, m3, m4); right frame, 
monoclonal antibody to cluster B (m5, m9, m10). 


formational changes at distal parts of the H-2 molecule which 
influence the interaction with CTLs. However, we consider it 
more likely that both CTLs and antibodies recognize basically 
the same polymorphic domains. The different blocking capacity 
of monoclonal antibodies to clusters A and B is not likely to be 
due to distinct physical properties of the monoclonal antibodies 
because those used here have similar affinities (ref. 8 and H. 
Lemke, personal communication) and belong to similar 
immunoglobulin classes (IgG2a and IgG2b, respectively). An 
exception is H145-45/2, which after recent re-evaluation was 
found to be IgM (unpublished data); the fact that it is pentameric 
may explain its very strong inhibitory capacity. 

A possible explanation for the striking preference of 
alloreactive and H-2-restricted CTLs for cluster B is that both 
H-2 (DBA/2 or B10.D2) and H-2* mice use a similar or 
related pool of T-cell receptors for recognition of the K" mole- 
cule, whether an alloantigen (in the case of DBA/2) or a self 
antigen (in the case of CBA) is recognized. Such a hypothesis 
would be compatible with dual recognition models, one binding 
site being for TNP and the other for H-2 determinants. 
Arguments in favour of single recognition models assume that 
neodeterminants formed by TNP modification of either H-2 or 
other surface components are predominantly located in the 


Table1 Lytic units of alloreactive and self-restricted CTL effector cells 
in the presence of blocking antibody against target determinants 





Source of CTLs 
Anti-H-2 antibody DBAa CBA4 
added to effector H-2 cluster A/J CBA-TNP 
phase recognized (LU per 10° cells) 
No antibody — 10.0 14.1 
13/18 (1a.7) _ 10.0 13.2 
H100-5R28 (m3) A 1.03 2.6 
H100-27R55 (m4) A 0.84 1.9 
H116-22R7 (m1) A 1.33 4.35 
H142-23/3 (m9) B 0.35 0.54 
H100-30R23 (m5) B 0.35 0.82 
H142-45/2 (m10) B 0.12 0.72 
Mixed monoclonal A+B 0.02 <0.01 
antibodies 


Lytic units (LU) were calculated according to Cerottini et al.” on the 
basis of CTL effector titrations as shown in Fig. 26 for alloreactive CTLs. 
The corresponding titration curves for TNP-specific CTLs are not 
shown. One lytic unit is defined as the number of effector cells required 
to lyse 50% of the target cells. 


direct vicinity of polymorphic H-2 domains. Target inhibition of 
restricted CTLs by anti-H-2 would then be caused by steric 
hindrance. Note that preference of different CTL. populations 
for the same cluster could be merely coincidental as it is possible 
that an H-2 molecule carries only few regions which, for steric 
reasons, are accessible to T cells. Further analysis of K*-restric- 
ted CTL systems will clarify this question. 
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In murine immunoglobulins, the « chain is the major light chain 
isotype, as exemplified by the small amount of A immuno- 
globulins present in normal sera, the rare occurrence of A 
plasmacytomas and the preponderance of x light chains in 
induced antibodies. Notable exceptions to this are the response 
to a(1+3) dextran’ in BALB/c mice and the heteroclytic 
antibodies raised against the nitrophenol hapten in C57BL/6 
mice’. In the former response, the expression of idiotypes in the 
hypervariable regions of the heavy chain’ is characteristically 
restricted. We have now analysed the B-cell precursors for the 
a (1 3) linkage-specific response induced by T-dependent and 
T-independent dextran antigens with respect to light chain 
isotype and heavy chain idiotype expression. Our findings 
clearly demonstrate that the two forms of dextran antigen 
trigger different B-cell precursor subpepulations. Furthermore, 
each individual animal appears to possess a different repertoire 
of idiotype-committed precursors. This contrasts with the 
response of BALB/c mice to phosphorylcholine (PC) where 
most anti-PC antibodies and precursors respond with the 
dominant expression of the T15 idiotype family, regardless of 
whether T-dependent or T-independent PC antigens are used“, 
BALB/c mice immunized with the T-independent antigen 
dextran B1355s respond with the expression of unique idiotypes 
(IdI) J558 and M104E, and a cross-reacting 1dX idiotype“, 
Schilling and co-workers® have shown that the unique Idi 
specificities are generated during the V-D--J joining process of 
heavy chain genes. While the expression of A chains in the 
T-independent anti-dextran BALB/c response is consistently 
>90%, the amount of J558 and M104E IdI idiotypes varies 
between individual animals’*, This finding led us to speculate 
that the variable expression of heavy chain idiotypes might be 
caused by individually different, idiotype-specific regulation of 
B-cell precursors. Alternatively, during the development of the 
dextran-specific repertoire individually different exposures to 
environmental antigens could influence precursor maturation. 
According to the latter hypothesis, serum expression of light 
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Table 1 Co-expression of idiotypes and light chain isotypes by individual dextran-specific precursors 





By T-independent clonest 


Group Co-expression* of (%) 

1 A and IdX 73 (41/56) 

2 AandJ558 Idi 11 (14/129) 

3 A and MI04E Idi 7 (9/129) 

4 k and IdX Not found (0/56) 
5 k and J558 IdI Not found (0/56) 
6 k andM104E IdI Not found (0/56) 
7  A,J558 IdI and IdX § (3/56) 

8  A,MI104E IdI and IdX Not found (0/56) 
9 A, M104E and J558 IdI 0.77 (1/129) 


Expected Expected 
precursor By T-dependent clones precursor 
doublets? (%) doublets 

-= 24 (12/51) — 

— 5 (9/182) _ 

— 2 (3/182) — 

— Not found (0/51) ma 

mne Not found (0/51) m 

-l Not found (0/51) _ 
0.5/56 6 (3/51) 0.1/51 
0.3/56 Not found (0/51) 0.03/51 
0.1/129 Not found (0/182) 0.02/182 


re e ttttitttttttenttnttennentitninemettemenenntcnntntaimeenitttttte 


* Dextran-specific precursors were analysed for the co-expression of the given light chain isotype and the heavy chain idiotype. 

t Splenic fragments were immunized with either dextran B1355s (T-independent-2) or dextran—haemocyanin (T-dependent). Supernatants were 
collected every 3-4 days and analysed for total anti-dextran antibodies. Positive wells were selected and analysed for the co-expression of the 
appropriate light chain isotype and heavy chain idiotype. The numbers in parentheses represent the number of clones which co-express the isotype and 


idiotype out of the total number of positives examined. 


+ The statistical probability that the two given idiotypes will be co-expressed, based on the relative frequency of each idiotype alone. 


chain isotypes and heavy chain idiotypes should directly reflect 
the differently established primary B-cell repertoire in indivi- 
dual animals. 

Spleen cells from normal BALB/c mice were transferred in 
limiting cell numbers to 1,400 rad-irradiated normal or haemo- 
cyanin-primed syngeneic recipients. Twenty-hours later, splenic 
fragment cultures were prepared according to the technique of 
Klinman’, modified for the analysis of T-dependent and T- 
independent B-cell precursors’. Fragment cultures were 
immunized with either dextran B1355s or dextran coupled to 
haemocyanin as described previously'’. Culture supernatants 
were collected at 3-day intervals beginning on day 6 of culture 
and assayed for light chain isotype, heavy chain idiotypes and 
total anti-dextran antibody production, using enzyme-linked 
assays or radioimmunoassays (RIPs). Monoclonal antibodies 
were used to detect the cross-reacting IdX idiotype and the J558 
and M104E Id] idiotypes’'. Figure 1 shows the percentage of 
heavy chain idiotypes and light chain isotypes calculated from 
data on 182 T-dependent and 129 T-independent dextran- 
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Fig.1 The per cent positive dextran-specific precursors is plotted 
against the heavy chain isotype and the light chain idiotypes. 
Splenic fragments were immunized with either dextran B1355s 
(T-independent (TI)-2) or dextran-haemocyanin (T-dependent, 
TD). Supernatants were collected every 3-4 days and analysed for 
total anti-dextran antibodies, light chain isotype and heavy chain 
idiotype by RIA and enzyme-linked immunosorbent assay using 
monoclonal anti-J558 EB3-7-2. ylk, raised in A/J mice, mono- 
clonal anti-M104E SJL 18-1, px, raised in SJL mice, and mono- 
clonal anti-IdX CD3-2, ylA, raised in A/J mice. 


specific precursors. Precursor clones responding to the a (1>6) 
linkage, present in dextran B1355s, were excluded by testing for 
inhibition with dextran B512 [a(1->6)] in the anti-dextran 
RIA. The data show that the IdI-producing clones in the 
T-dependent and T-independent anti-dextran precursors are 
infrequent; most T-independent precursors express the cross- 
reacting IdX heavy chain idiotope while T-dependent pre- 
cursors express the IdX idiotype in <25% of dextran-specific 
clones. Furthermore, T-dependent precursors express the x 
chain more frequently than do T-independent precursors. The 
ability of T-dependent precursors to express both A and x light 
chains could explain why the frequency of dextran precursors 
responding to the T-dependent antigen is higher than that of 
T-independent precursors”. Although the relative fraction of 
IdX precursors is smaller in the T-dependent than in the T- 
independent response, the absolute number of IdX precursors 
does not appear to differ much for T-dependent and T- 
independent dextran antigens. Thus the selection of heavy and 
light chains is dictated by the type of dextran antigen. 

The question of whether heavy chain idiotypes can freely 
combine with A and x light chains or whether their association is 
restricted cannot be answered from the collective precursor 
analysis data shown in Fig. 1. Therefore, individual clones were 
grouped together according to their co-expression of light chain 
isotypes with heavy chain idiotypes. The relative frequencies of 
clones co-expressing a certain light chain with a certain idiotype 
were calculated from the total number of T-independent and 
T-dependent dextran-specific clones. The data are shown in 
Table 1. The most frequent combination is the co-expression of 
A and IdX in T-independent and T-dependent precursors 
(group 1). No precursors were found which co-expressed « and 
any of the heavy chain idiotypes. A small number of T- 
independent and T-dependent precursors were positive for J 558 
IdI and IdX; none was positive for M104E IdI and IdX. These 
data demonstrate that the J558-M104E IdI idiotype site is 
different from the IdX site, in agreement with the assignment of 
IdI and IdX sites in hybridoma anti-dextran antibodies made by 
Schilling et al.°, The failure to find M104E IdI- and 1dX-positive 
clones is not surprising considering the rare occurrence of 
M104E IdI precursors. However, the failure to detect known 
heavy chain idiotypes, that is, M104E, J558 and IdX, in pre- 
cursors expressing the « light chain is striking. 

It is important for the evaluation of fragment cultures secret- 
ing more than one idiotypic antibody to determine the prob- 
ability of two different clones being present in one fragment. The 
expected frequency of clonal precursor doublets was calculated 
from the number of single idiotype-secreting cultures. The 
finding of a clone expressing J558 and M104E is unexpected, 
and unlikely to result from the presence of two different clones 
present in a single fragment culture as the likelihood of a clonal 
doublet at the given experimental limiting cell dose is >in 
1,000 (see group 9 in Table 1; 0.1 in 129 T-independent clones). 
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Table 2 Analysis of dextran-specific precursors in individual BALB/c mice 





Animal Precursor per 
no. 10° B cells % 1558 Id] 
TI TD TI TD 

1 4.50 4.36 <4(0/25) 23(3/13) 
2 2.00 7.41 25(3/12) 5(1/21) 
3 0.80 1.60 <20(0/5) <20(0/5) 
4 0.80 5.49 <20(1/5) <6(0/16) 
5 1.82 6.99 10(1/10) <5(0/19) 
6 1.39 5.66 <6(0/17) <3(0/32) 
7 1.48 3.65 <4(0/25) 5(1/22) 
8 3.51 ND 38(3/8) ND 
9 ND 6.82 ND 4(1/22) 
10 0.32 7.81 $0(1/2) 9(3/22) 
il 0.97 1.60 <17(0/6) <20(0/5) 


% M104E Idl % dX 
TI TD TI TD 
20(5/25) <8(0/13) ND ND 
<8(0/12) <5(0/21) ND ND 
<20(0/5) <20(0/5)} ND ND 
20(1/5) <6(0/16) ND ND 
20(2/10) <5(0/19) ND ND 
<6(0/17) 6(2/32) 86/12/14) 1903/16) 
<4(0/25) $(1/22) 95/20/21) 24(5/21) 
<13(0/8) ND 33(3/8) ND 
ND <4(0/22) ND 16(4/25) 
<50(0/2) <5(0/22) ND ND 
<17(0/6) <20(0/5) ND ND 





Normal or haemocyanin-primed BALB/c mice were irradiated with 1,400 rad and used as recipients of individual adult syngeneic cells. Splenic 
fragments were immunized with dextran B1355s or dextran-haemocyanin and supernatants were collected every 3~4 days and analysed for total 
_ anti-dextran antibodies. Dextran-specific precursors were analysed for J558 IdI, M104E IdI and IdX idiotype as described in Fig. 1 legend. 


It would be attractive to assume for the double IdI-positive 
clone that both chromosomes have made a productive but 
different DNA rearrangement resulting in two active genes 
producing J558 and M104E messages. 

We have previously”* observed variation of the amount of 
heavy chain IdI idiotypes in individual mice immunized with 
dextran B1355s. For example, the amount of J558 IdI in four 
randomly selected BALB/c mice 7 days after immunization 
with dextran B1355s varied from 7 to 53% of the total anti- 
dextran reponse. To determine whether this individually 
different idiotype expression is the result of idiotype-specific 
regulation, induced by antigenic stimulation, or is predeter- 
mined by the number of idiotype-committed precursors, pre- 
cursor analysis of individual BALB/c mice was performed. 
Table 2 shows that individual mice indeed express the IdI 
idiotypes in significantly different amounts for T-dependent and 
T-independent responses. The relative J558 IdI frequency for 
T-independent precursors in individual animals was 4-50% and 
for T-dependent J558 IdI 3-23% (see Table 2). The overall 
(averaged) expression of J558- and M104E-positive precursors, 
as well as the number of T-dependent and T-independent 
responding precursors, is in good agreement with the data from 
analysis on precursors from pooled cell donors. 

The present findings lead to three conclusions important for 
the understanding of mechanisms controlling idiotype expres- 
sion, (1) Certain heavy chain idiotypes seem to depend on the 
combination with one kind of light chain. (2) Different antigenic 
forms of the same antigenic determinant can trigger different 
precursors: T-dependent dextran antigen triggers significantly 
more « precursors than the T-independent dextran B1355s. 
Conceivably, T cells, which participate in the T-dependent 
response, help to recruit x chain B-cell precursors. (3) Individ- 
ual mice possess variable frequencies of precursors expressing 
different idiotypic specificities. Although the individually vari- 
able expression of idiotypes after immunization’* has not been 
formally linked to variable idiotype precursor frequencies, we 
could infer that individual idiotype expression stems directly 
from the presence of variable precursor compositions. Accord- 
ingly, individual variation of precursor frequencies must be 
generated during the maturation of the B-cell repertoire in the 
fetal-neonatal period'’. Idiotype-specific factors might be 
important in controlling the development of B-cell reper- 
toires'®. In addition, isotypic network interactions control the 
expression of idiotypes in the adult animal during primary or 
established immune responses'**'’. Comparison of the 
immature with the mature idiotype repertoire will help to define 
the role of regulatory mechanisms in establishing clonal immune 
profiles’*. 

The assistance of S. Smyk, P. Griffith, R. Storer and Ms A. 
Anderson, and the help of J. Kans in the preparation of the 
manuscript, were appreciated. This work was supported by 
USPHS grants A1-11080, CA-16673 and Al-14782. R.E.W. 
was supported by training grant GM 07183. J.F.K. is a recipient 
of Research Career Development Award Al-00338. 








0028-0836/8 1 /33063 1—03$01.00 


Received 9 February; accepted $ June 1981, 


Carson, D. & Weigert, M. Proc. natn, Acad. Sci. LSA., 96, 235 (1973), 

Kelsoe, K., Reth, M. & Rajewsky, K. Immun, Rew 82, 75-88 {1980}, 

. Blomberg, B., Geckler, W, R. & Weigert, M. Science E77, 178 (1972). 

Fung, J. & Kohler, H. J. Immun. 125, 640-646 (1980). 

Hansburg, D., Briles, D. E. & Davie, J. M. Immunology 149, 1406-1412 arn. 

. Schilling, J., Clevinger, B., Davie, J. M. & Hood, L. Nature 284, 5-80 (1980), 

. Fung, J., Gleason. K., Ward, R. & Kohler; H. in Membranes, Receptors and the Tronune 

Reponse (eds Cohen, E. P. & Kohler, H.) 203-214 (Liss, New York, 1980). 

8. Ward, R. & Kohler, H. Cell. Immun, 88, 286 (1981). 

9. Klinman, N, R. J, exp. Med. 136, 241 (1972), 

10, Ward, R. & Kohler, H. J. Immun. 126, 146-149 (: 981). 

11. Kearney, J. K. Fedn Am, Soc. exp. Biol. 38, 1421 61979). 

12. Sigal, N. H., Pickard, A. R., Metcalf, E. S., Gearhart, P. J. & Klinman, N, R. J. exp. Med, 
146, 933 (1977). 

13. Fung, J. & Kohler, H. J. exp. Med. 183, 1262-1273 (1980). 

14. Kluskens, L. & Kohler, H. Proc. nam. Acad. Sci, WSA, Th, 5083-5087 (1974). 

15, Cosenza, H. Eur. J. Immun, 6, 114 (1976). 

16. Rowley, D. A., Kohler, H. Schreiber, H., Kay, $. T. & Lorbach, LJ exp. Med. 144, 946-959 
(1976). 

17. Goidl, E. A., Schrater, A, F., Siskind, G. W. & Thorbecke, G. J. J. exp. Med, 180, 154 
(1979), 

18. Kohler, H. & Fung, J. in B Lymphocytes in the Immane Response (eds Klinman, N., Mosier, 

D. E., Scher, I. & Vitteta, E. S.) 69 (Elsevier, Amsterdam, 19481). 


MAU & DN 











Independent control of 
immunoglobulin heavy 
and light chain expression 
in a murine pre-B-cell line 


Christopher J. Paige*, Paul W. Kincadet 

& Peter Ralph? 

t Basal Institute for Immunology, Grenzacherstrasse 487, 
CH-4005 Basal, Switzerland 


+ Laboratory of Haematopoietic Development, Sloan-Kettering 
Institute, Rye, New York 10580, USA 





B lymphocytes differentiate from multipotential stem cells by an 
unknown number of intermediate stages. Although the earliest 
stages of this sequence remain obscure, cells, which appear to be 
intermediate in this process, have been described”. Large, 
proliferating, rapidly sedimenting cells which synthesize 
immunoglobulin chains that can be easily detected in the cyto- 
plasm (cig) but are either absent or less stable on the cell surface 
(sig) have been found in both fetal liver and adult bone marrow. 
Smaller clg* sig“ cells have also been described”*’. These cells 
are designated pre-B cells and may comprise a functionally 
heterogeneous group of progenitors”. Several cell lines, which 
share many properties with these pestulated precursors, have 
been useful in establishing an asynchronous onset of immuno- 
globulin expression characterized by the appearance of a heavy 
chains in the absence of light chain expression 7, We confirm 
here that the mitogen-responsive pre-B-like cell line, 707/3, in 
normal growth conditions, only expresses heavy chain, although 
it has a fully rearranged light chain gene™. 702/3 cells can also 
display the u chain on the cell surface in the absence of light 
chain induction, most notably affer exposure fo dextran 
sulphate. f 
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The 70Z/3 cell line synthesizes immunoglobulin detectable 
only intracellularly, but on exposure to lipopolysaccharide 
(LPS) the clg* sIg~ cell type rapidly acquires slg’. Concomitant 
with the induction of slg is the appearance of x light chains’. 
There is, however, no evidence for secretion’. The increase in x 
chain synthesis is related to induction of x mRNA”. 

The initial hypothesis, that light chain synthesis is causally 
related to surface acquisition of immunoglobulin, is not neces- 
sarily the case. This was demonstrated using a second B-cell 
mitogen, dextran sulphate (DxS). As shown in Fig. 1, exposure 
to LPS led to the acquisition of both u and «x, whereas exposure 
to DxS resulted in a similar level of surface u expression without 
expression of x chains. Furthermore, the kinetics of u expres- 
sion differ after exposure to these two mitogens. Figure 2 shows 
that the detection of u after DxS stimulation preceded that of 
both the u and « induced after LPS stimulation although 
ultimately similar levels were achieved. DxS does not, however, 
inhibit « induction by LPS (data not shown). 

Exposure to these mitogens neither altered the rate of proli- 
feration, nor caused cell death and, although the kinetics of 
induction were variable, in most experiments > 90% of the cells 
were sIg* within 24 h (two cell cycles). It thus seems unlikely that 
different subpopulations of cells account for these results. 
Furthermore, most clones of 70Z/3 cells also respond to both 
DxS and LPS (see below), and the relative sensitivity of the 
reagents used to detect u and x chains was found to be similar. 

We observed that whereas the u and «x found on the 
membrane of LPS-stimulated cells was distributed over most of 
the cell surface, the u chains detected on DxS-stimulated cells 
were usually found in tight caps. These tight caps were partially 
inhibited (95% capped reduced to 50%) by prior treatment with 
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Fig. 1 Increase in surface immunoglobulin expression in 702/3 
cells exposed to various concentrations of LPS (Salmonella typhosa 
WO 901, Difco) or DxS (Pharmacia) for 36 h. Surface expression of 
either u or « chains was assessed using affinity-purified, 
rhodamine-conjugated goat antibodies specific for either u or « 
which were prepared and used as previously described’. @, LPS, x ; 
O, LPS, x; W, DxS, u; ©, DxS, x; 70Z/3 cells were grown in 
RPMI-1640 containing 10% FCS (Associated Biomedic Systems) 
and supplemented with 5 mM glutamate, 10° U™ 1 penicillin, 0.1 
g` ‘Isteptomycin and 5 x 1075 M 2-mercaptoethanol. Cell cultures 
were initiated at 2.5% 10° ml”? grown in 25-cm? tissue culture 
flasks (Corning) and kept at 37 °C in a humid atmosphere contain- 
ing 7% CO. 
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Fig. 2 Difference in time of appearance of cell-surface immuno- 
globulin chains after stimulation with LPS (10 ug ml” 1) or DxS 
(50 pg mi~?). @, LPS, u (10 pg mi~’); ©, LPS, « (10 pg mi"); W, 
DxS, u (50 pg mi~’); C, DxS, x (50 pg mi’). Cell cultures were 
initiated at 2.5 x 10° ml”! in 25-cm? tissue culture flasks. 


cytochalasin B (30 min, 37 °C, 10 pg ml”') but not by staining in 
the presence of 1% NaN. 

Possible explanations for the different cell surface distribution 
of u chains after exposure to LPS or DxS include that: (1) the u 
appearing after DxS stimulation differs from the u found after 
LPS stimulation; (2) the presence of x chains, although not 
necessary for the appearance of u on the surface, is required for 
the stability of the sIg; or (3) a cell-surface alteration unrelated 
to immunoglobulin molecules may be responsible. It is also 
possible that the uninduced cells possess a small but undetect- 
able amount of surface u which undergoes a conformational 
change on exposure to DxS, leading to enhanced expression. 
Biochemical evaluation of the DxS- and LPS- induced u is 
underway and may resolve these issues. 

Additional differences in the responses to these two mitogens 
was found by analysing clones of 70Z/3 obtained by growth in 
soft agar. Although 19 of these clones (70Z/3.2~-70Z/3.20) had 
similar characteristics to the parent line and could respond to 
both LPS and DxS, one clone, 702Z/3.1, lost the ability to 
respond to LPS, although retaining DxS responsiveness 
(Table 1), This clone was refractory to even 100 times the 
concentration of LPS normally used. Furthermore, the parent 
line and LPS-responsive clones, if grown in the presence of 
serum-free medium, failed to respond to LPS although the DxS 
response was normal (Table 1). After an initial period of adap- 
tation, growth in this medium was similar to growth in serum- 
containing medium and LPS responsiveness was restored by 
addition of 2% fetal calf serum (FCS). This may indicate that 
serum contains components which condition the cells for 
responsiveness to LPS. Previously we found that different 
batches of either FCS or newborn serum themselves could cause 
background levels of slg” cells to vary from 1 to 99% (ref. 9, and 
unpublished data). It should be noted that in almost all these 
cases of elevated background expression of u, light chains were 
not detectable. Thus, DxS is not obligatory for the detection of 
the ‘u only’ surface phenotype. Furthermore, recent data 
suggest that the surface u is indeed membrane u and not 
secretory. First, similar to our previous report with LPS-induced 
cells, the supernatants of 70Z/3 cells exposed to DxS contained 
no detectable immunoglobulin (C. Sidman and C. J. P., in 
preparation). Second, biochemical analysis of the u proteins of 
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70Z/3 cells reveal (1) a‘cell-surface form, labelled by lacto- 
peroxidase-catalysed iodination, which corresponds in size to 
membrane y characteristic of small resting B cells, and (2) 
biosynthetically labelled intracellular forms which correspond 
to the smaller precursors of both the secretory and membrane 
pathways (ref 16, and C. Sidman and C. J. P. , in preparation), 
Analysis using tunicamycin of the non-glycosylated products 
further revealed a precursor pattern previously described for 
both membrane and secretory p ‘*. In this respect 70Z/3 cells 
are similar to other B cells containing the precursors for both 
pathways but the final product of only the membrane form’®. 

The detection of clg* slg~ cells which acquire slg confirms the 
circumstantial evidence which suggests that this transition 
normally occurs during B-cell differentiation”'”'*. Our findings 
are also consistent with reports that the onset of heavy and light 
chain synthesis is asynchronous'*", It is not clear whether the 
expression of u chains has a regulatory role in B-cell develop- 
ment before light chain appearance. One report suggests that 
some pre-B cells may be capable of secreting u chains'®. Our 
findings, although different in that 70Z/3 cells do not secrete 
their u chains, also suggests the possibility of interaction with 
the external environment through the variable region of the u 
chain. This interaction might occur before synthesis of complete 
antibody molecules and thus be relevant to theories of clonal 
abortion, tolerance induction and network formation. Maki et 
al. have recently shown that whereas u only fetal liver hybri- 
domas have unrearranged light chain genes, the x gene of ‘u 
only’ 70Z/3 has already undergone rearrangement’. Thus 
several stages of pre-B cells may exist based on both DNA 
molecular arrangement and the expression of rearranged gene 
products. 

We do not yet know the incidence of precursors in fetal and 
adult tissues with properties corresponding to 70Z/3 cells. 
These cells may represent a transient stage of B-cell maturation 
which is subject to regulation by factors such as those present in 
certain serum lots and by mitogens. 

We thank Drs M. A. S. Moore and M. Scheid for helpful 

discussion of these data, and Ms Pamela Kiss and Ms Joanne 
Albertini for assistance in preparing this manuscript. This work 
is supported by grants CA-24300, AI-12741 and Research 
Career and Development Award AI-00265. The Basel Institute 
for Immunology was founded and is supported by 
F. Hoffmann-La Roche and Co. 
Note added in proof: A human lymphoma has recently been 
described which also expresses u chain in the absence of light 
chains; “A human B-cell lymphoma synthesizing and expressing 
surface u chain in the absence of detectable light chain”. 
(Gordon, J., Hamblin, T. J., Smith, J. C., Stevenson, F. K. & 
Stevenson, G. T. Blood (in the press).) 





Table 1 Differential responsiveness of 70Z/3 and 70Z/3.1 to LPS 





and DxS 
% surface u * 
Stimulus 70Z/3 70Z/3-SF 70Z/3.1 
a 2 0 0 
LPS(1 wg mi!) 82 0 0 
DxS (50 wg m` t) 76 73 76 





Cell cultures were initiated at 2.5 x 10° ml”! and exposed to either 
LPS or DxS for 24 h. Surface u expression was determined using 
rhodamine-conjugated [F(ab').] fragments of goat antibodies. For 
70Z/3-SF cells, 70Z/3 cells were grown in serum-free Iscove’s modified 
Dulbecco’s medium (Gibco, No. 430-220) supplemented with leci- 
thin/cholesterol, human transferrin (Hoechst) and delipidated bovine 
serum albumin (Behring, no. TRO5) as previously described”. The cells 
had been growing serum free for 6 weeks at the time of this experiment. 
For 70Z/3.1 cells, clones of 70Z/3 cells were obtained by initiating 
growth in RPMI medium (supplemented as described in Fig. 1 legend) 
containing 0.3% agar (Difco). Approximately 60-75% of the cells 
formed discrete colonies in these conditions. Clones were picked at day 
6, transferred to microwells containing 0.2 ml medium and subsequently 
maintained in tissue culture flasks. 
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Juvenile hormone (JH) and 20-hydroxyecdysone (20-HE) have 
a wide range of roles in insects. They interact during develop- 
ment to determine the quality of the moult“ and both 
hormones have been implicated in control of yolk protein 
synthesis and ovarian development. However, their functions 
vary in different insects*’. In adult Drosophila, they have 
specific effects on the haemolymph proteins. Both JH analogue 
(JHA) and 20-HE stimulate the synthesis and secretion of three 
yolk polypeptides (YPs) into the haemolymph of females*’, 
However, whereas JHA stimulates synthesis of YPs in both the 
fat body and the ovary, 20-HE stimulates the synthesis only in 
the fat body’’, and JH, but not 20-HE, induces YP deposition in 
oocytes™™™?, 20-HE, but not JHA, evokes YP synthesis in 
Drosophila males (which do not normally produce these pro- 
teins'*), and 20-HE treatment of isolated female abdomens 
stimulates incorporation of *“S-methionine into a protein of 
molecular weight 79,000 (designated 79K). We have now 
compared the responses of the YPs and 79K to combinations of 
JHA and 20-HE given to both male and female Drosophila and 
show that 79K is a larval serum protein (LSP2) normally 
secreted by the fat body of third instar larvae. JHA and 20-HE 
have additive effects on YP synthesis, but JHA antagonizes 
20-HE stimulation of LSP2 synthesis. This effect is probably 
caused by JHA induction of fat body cell death. 

In an initial experiment, animals were ligated soon after 
eclosion, aged for 24 h to allow endogenous levels of hormone to 
decay and then treated in groups of 16 with increasing amounts 
of 20-HE in the presence or absence of JHA. After 6h the 
haemolymph proteins were labelled by injecting **S-methionine 
and finally separated on SDS-polyacrylamide gel electro- 
phoresis (PAGE). This experiment revealed three different 
effects of the hormone treatments. (1) Incorporation of label 
into YPs was stimulated additively by 20-HE and JHA in 
isolated female abdomens (Fig. 1, lanes 1-10, and Fig. 2), 


‘confirming earlier reports”'’. (2) Secretion of newly synthesized 


YPs was also stimulated by 20-HE in isolated male abdomens 
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Fig. 1 JHA inhibits the 20-HE- 
stimulated label incorporation into 
79K but augments that into the ow 
YPs. Isolated abdomens were 
prepared from newly eclosed flies 
by ligation with nylon thread 
between the thorax and abdomen, 
and removal of the head and thorax 
with scissors. After ageing for 24h 
to allow the endogenous hormone 
levels to decline, abdomens were 
treated in groups of 16 with 
different concentrations of 20-HE 
in 1% ethanol/Ringer’s solution. 
A second set of abdomens was 
treated with the same concen- 
trations of 20-HE in the presence 
of a juvenile hormone analogue, 
ZR-515 (ref. 22) (0.3 pl of an 
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acetone solution of JHA was added topically to each abdomen giving a final dose of 1.6 ng ZR-515 per abdomen). After a 6-h incubation, the 
newly synthesized haemolymph proteins were labelled by injecting 1 „Ci >°S-methionine per abdomen in Drosophila Ringer”. After a further 
2-h incubation, the haemolymph was collected and mixed with sample buffer**, One-quarter of each sample was electrophoresed on an 
SDS-containing 9-15% polyacrylamide gel”; the Coomassie blue-stained gel was dried and autoradiographed. The figure is a photograph of the 
resulting autoradiograph. Lanes 1-10 and 11-20 are from female and male isolated abdomens respectively. Lanes 1-5 and 11-15 are from 
abdomens treated with increasing doses of 20-HE alone, while lanes 6-10 and 16-20 are from abdomens treated with increasing doses of 20-HE 
in the presence of JHA. 20-HE-stimulated label incorporation into YP1, YP2 and YP3 and the 79K polypeptide. Treatment with both hormones 


together stimulated label incorporation into YPs but not 79K. 


(Fig. 1, lanes 11-15), demonstrating that the anterior of the male 
fly does not mediate the action of 20-HE. JHA alone had no 
effect in male abdomens (Fig. 1, lanes 11 and 16). Whereas the 
response to the hormones was approximately additive in females 
(Fig. 1, lanes 2~5 and 7-10), in males JHA made no consistent 
alteration to the 20-HE response (Fig. 1, lanes 12-15 and 
17-20). (3) 20-HE stimulated synthesis of 79K in both males 
(Fig. 1, lanes 11-15) and females (Fig. 1, lanes 1-5), but this 
response was abolished in both sexes by the presence of JHA 
(Fig. 1, lanes 16-20 and 6-10, and Fig. 2). Thus in young adult 
haemolymph, the labelling of two simultaneously occurring 
groups of polypeptides is stimulated by 20-HE, and JHA adds to 
the 20-HE stimulation for one group of polypeptides but 
abolishes it for the other. 

Because the nature and the site of synthesis of 79K were 
unknown, experiments were performed to identify the 79K 
polypeptide. During our work with YPs, we had noted that 79K 
was always seen in Coomassie blue-stained gels of haemolymph 
from newly eclosed males and females, but that it gradually 
disappeared from haemolymph of older animals (see Fig. 1 in 
ref. 10). This development programme for 79K coincides with 
that for the larval fat body. About 1,000 larval fat body cells 
survive metamorphosis but then histolyse in the first few days of 
adult life under the influence of JH’. We thus suspected that 
79K might be synthesized and secreted by the larval fat body 
cells that remain after eclosion. The major proteins synthesized 
and secreted by the larval fat body are the larval serum proteins 
(LSPs)'°—LSP1, a hexamer containing combinations of three 
different polypeptides’”'*, and LSP2, a homohexamer"’. As the 
four constituent polypeptides have estimated molecular weights 
of 75,000-83,000, it seemed reasonable that 79K seen in adult 
haemolymph at eclosion was a polypeptide constituent of LSP1 
and/or LSP2 which was synthesized and secreted by the surviv- 
ing larval fat body cells. 

To test this hypothesis, *°S-methionine-labelled haemolymph 
samples from abdomens which had been injected with either 
Ringer’s solution or 20-HE were subjected to immunoelec- 
trophoresis with antisera raised against purified LSP1 and LSP2 
and compared with labelled haemolymph from mid-third instar 
larvae (Fig. 3). Larval haemolymph forms two major precipitin 
arcs, One corresponding to LSP2 and the other containing the 
three subunits of LSP1. Immunoelectrophoresis of the adult 
haemolymph showed that no label was incorporated into LSP1 
in isolated abdomens irrespective of treatment with 20-HE. In 
contrast, LSP2 was heavily labelled in the haemolymph from the 
20-HE-treated isolated abdomens and was weakly labelled in 
haemolymph from control abdomens. 


To confirm that the arc formed with anti-LSP2 antisera 
indeed represented the 79K polypeptide identified by SDS- 
PAGE, a section of each precipitin arc was cut out of the agar 
plate and the sample run on SDS-PAGE with some of the 
original haemolymph samples. The labelled LSP1 precipitin arc 
from larval haemolymph separated as three distinct poly- 
peptides but each of these was absent from the isolated abdomen 
haemolymph samples. The LSP2 precipitin arc was labelled in 
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Fig. 2 Quantification of the response to hormone. Autoradio- 
graphs of the experiment in Fig. 1 were scanned using a Joyce- 
Loeb! microdensitometer and the label incorporation estimated by 
measuring the peak areas of the 79K and YP bands. Each point 
` represents the mean of two experimental replicates. Top panel, 
YPs; bottom panel, 79K. @, Female abdomens; 0], male abdo- 
mens. For both panels a broken line indicates JHA treatment with 
different concentrations of 20-HE; a solid line indicates 20-HE 
treatment in the absence of JHA. In females the two hormones 
stimulated label incorporation into the YPs additively, whereas 
JHA had no effect on the labelling of YPs in males. In both males 
and females 20-HE stimulated labelling of the 79K polypeptide 
but this effect was abolished by simultaneous treatment with JHA. 
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Fig. 3 79K is immunoprecipitated by antisera against LSP2. Labelled 
larval haemolymph was obtained by injecting mid-third instar larvae with 
35§_methionine dissolved in Ringer and collecting the haemolymph 2 h later. 
The adult haemolymph was obtained from abdomens which had been ligated 
at eclosion and allowed to age for 24 h. Controls were injected with Ringer 
and after 8 h injected with °*S-methionine and haemolymph collected after a 
further 2h. The 20-HE-treated abdomens were injected with 1074 M 20- 
HE in 1% ethanol/Ringer 8 h before treatment with label. All haemolymph 
samples were mixed with unlabelled larval haemolymph, to act as carrier, 
and immediately subjected to immunoelectrophoresis. They were run in 
agar on microscope slides with 0.1 M sodium barbitone buffer (pH 8.4) at 
80 V for 45 min at 4 °C. After electrophoresis each slot was filled with either 
anti-LSP1 or anti-LSP2 antisera, raised in rabbits from the purified proteins. 
After precipitation overnight the white precipitin arcs could be seen, and the 
agar was washed thoroughly in phosphate-buffered saline and stained with 
amido-Schwartz, dried and autoradiographed. The resulting autoradiograph 
is shown in the top panel. Larval haemolymph produced two main precipitin 
arcs corresponding to each of the LSPs. The adult haemolymph did not show 
any label incorporation into the LSP1 precipitin arc. A small amount of label 
was incorporated into the LSP2 arc of the control abdomens while 
considerably more was found in the haemolymph of those treated with 
20-HE. Identical precipitin arcs were cut out of the agar without staining and 
mixed with SDS buffer before running on an SDS-containing 9% poly- 
acrylamide gel. The gel was dried and autoradiographed, The 79K region of 
the resulting autoradiograph is shown in the lower panel: a, haemolymph 
from the control abdomens; b, haemolymph from abdomens treated with 
20-HE; c, labelled mid-third instar larval haemolymph; d, LSP1 precipitin 
arc from 20-HE-treated abdomens; e, LSP2 precipitin are from 20-HE- 
treated abdomens; f, LSP2 precipitin arc from control abdomens; g, LSP1 
precipitin arc from control abdomens; h, LSP2 precipitin arc from larval 
haemolymph; and i, LSP1 precipitin arc from larval haemolymph, The LSP1 
precipitin arc from larval haemolymph separates into the three LSP1 
subunits but label is absent from this protein in the adult abdomens. The 
LSP? precipitin arc is present in the haemolymph from the abdomens and 
label incorporation is stimulated by the treatment with 20-HE. 


both adult haemolymph samples and co-migrated with LSP2 
from larval haemolymph. In addition, the LSP2 from 20-HE- 
treated abdomens contained considerably more label than that 
from abdomens injected with Ringer alone. 

These experiments have shown that both JHA and 20-HE act 
additively on YP synthesis. They also provide the first evidence 
that the appearance of LSP2 is also hormonally regulated, and 
that, in contrast with the YPs, its synthesis is stimulated by 
20-HE only and abolished by JHA. 

It follows from our observations that the larval fat body 
persisting in the newly eclosed adult is still capable of synthesiz- 
ing LSP2. It also seems that the absence of LSP2 synthesis in the 
intact early adult is primarily because of the endogenous 
secretion of JH since merely ligating the abdomen causes a 
partial stimulation in synthesis of LSP2 and addition of JHA 
abolishes both this and the response to 20-HE. Once the source 
of JH has been removed by isolation of the abdomen, the larval 
fat body is able to synthesize LSP2 in response to 20-HE. Thus, 
although the effect has only been demonstrated at a develop- 
mental stage when the LSP2 gene is no longer active because of 
the presence of JH, it nevertheless suggests that the initial 
appearance of LSP2 may also be ecdysone induced. This is 
consistent with the observed ecdysone pulse at the second larval 
moult shortly before the appearance of LSP2 at the beginning of 
the third instar”. 

If 20-HE is indeed the hormonal trigger for LSP2 synthesis at 
the onset of the third larval instar, then either the titres of JH 
must be low or the larval fat body at that stage refractory to any 
naturally occurring JH. The latter is quite likely as larval fat 
body transplanted from third instar larvae into adults in contrast 
to larval fat body which has been through metamorphosis'*”", is 
not susceptible to JH-induced histolysis. As the susceptibility of 
the larval fat body to JH changes during pupation, the inhibition 
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of the response to 20-HE could provide a means of monitoring 
the transition. The simplest explanation for the inhibitory action 
of JHA on the stimulation of LSP2 by 20-HE is that JH triggers 
cellular responses that lead to death of the remaining larval fat 
body'®. However, this action of JH at the molecular level may be 
complex because the JH-induced death of the larval fat body is 
blocked by inhibitors of protein synthesis’*. 

Study of the appearance of LSP2 associated with the changes 
in the susceptibility of the larval fat body to these two major 
hormones should elucidate their actions on specific gene 
expression during development. 

We particularly thank D. Sears and K. Bekkedahl for tech- 
nical assistance, and Dr Paul Shirk for comments during the 
work. We also thank Dr David Roberts for invaluable sugges- 
tions and for supplying the anti-LSP antibodies. The work was 
supported by NIH grant GM 21548 to J.H.P. 
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Insects are thought to have evolved from millipede-like 
ancestors composed largely of a series of identical, leg-bearing 
segments. This view of insect evolution is supported by the 
existence of homoeotic mutations which transform particular 
abdominal and head segments into thoracic segments’. Such 
transformations are described as atavistic’, because they return 
specialized segments to a more primitive condition. In 
Drosophila, several dominant mutations of the homeeotic locus 
Antennapedia (Antp) lead to a transformation of the antenna to 
the second leg**, Here, I describe the isolation and charac- 
terization of apparent null alleles of the Antip locus. These 
mutations lead to a homoeotic phenotype which is the reverse of 
the dominant Antennapedia phenotype, namely, they result in 
the transformation of the second leg into an antenna but do not 
alter the development of the normal antenna itself. This result 
indicates that (1) the product of the wild-type Antip gene is 
normally active in the mesothorax where it promotes a meso- 
thoracic pathway of development instead of an antennal path- 
way, (2) the Antp* gene product is normally absent or inactive 
in the antenna, and (3) dominant mutations of the locus resalt.in 
the inappropriate activity of the wild-type gene product in the 
antenna, and hence in the transformation of antenna to leg. 
Thus, unlike most other homoeotic gene products, the product 
of the Antp* gene seems to promote, not to repress or modify, 
an atavistic condition. 
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Table 1 Homozygous Anp ™*P® clones in the eye-antenna and 
mesothorax 
No. of No. of 
blastoderm first instar 
Compartment clones” clones* Phenotypet 

Eye-antenna (A + P) 18 43 Normal 
Leg2 (A) 16(24) 18(24) Antennal 
Leg 2 (P) 14(15) 8(8) Antennal 
Notum + wing (A) 1(2) 9(16) Abnormal 

Marked clones of cells lacking the Antennapedia “pene were obtained 
as follows. Embryos or larvae of the genotype Ant™**R& 017 /Ki spo? 


M(3)w'** were irradiated at appropriate times after egg laying (3+ 
0.7 = blastoderm stage; 24-48 h = first instar) (see Fig. 1 for description 
of mutations). All the mutations are located on the right arm of the third 
chromosome; because Ki is positioned closest to the centromere, mi- 
totic recombinations which occur between Ki and the centromere can 
give rise to homozygous Ki* cells which must also be homozygous for 
Anp ™ tE, Sb", e7! and M(3)w". 2,128 flies were screened following 
irradiation with 500 rad at the blastoderm stage, and 959 flies were 
screened following irradiation with 1,000 rad during the first larval 
instar. Clones lacking the Antp* gene were identified under the dissect- 
ing microscope by the appearance of marked bristles and because they 
frequently disrupted the normal morphology. (Clones which mark, but 
do not transform, the distal portions of leg are difficult to identify under 
the dissecting microscope, and hence may have been missed.) All clones 
were mounted and inspected under the compound microscope. A 
comparable analysis of first instar clones of a second revertant allele, 
Antp™**R° | gave similar results. 

*Number of clones in which some of the cells showed the normal, 
antennal or abnormal phenotype indicated in the last column (in those 
compartments in which some, but not all, of the clones were normal, the 
total number of clones is indicated in parentheses). 

+Clones in the anterior compartment of the second leg were classified 
as antennal only when they formed antennal tissue. Clones in the 
posterior compartment of the second leg were classified as showing the 
antennal phenotype if they removed portions of the compartment— 
even when antennal tissue was not found (see text). The abnormal 
phenotype observed in notum clones is described in the text. 


Mutations which eliminate most, or all, of the activity of the 
Antp* gene were obtained using the general procedure of 
selecting phenotypic reversions of a dominant mutation’. This 
approach has been used by others’™"' to isolate apparent null 
alleles of the Antp locus. Homozygous Antp™ males were 
treated with the mutagen ethyl methane sulphonate (EMS)? 
and outcrossed to appropriately marked females. From among 
~ 10,000 F, progeny, 35 phenotypic revertants were found; 12 
of these progeny were found to carry ‘revertant’ alleles of the 
Antp™ mutation (designated Antp™ PS. 22-12), Three lines 
of evidence suggest that these revertant alleles eliminate most, 
or all, of the wild-type activity of the Antp locus. First, they 
arose with the expected frequency of null mutations in a single 
gene following a standard EMS mutagenesis'*. Second, all these 
mutations are lethal over a deficiency of the Antp locus 
(Df(3R)4Scb; G. Jürgens, personal communication), as well as 
over other recessive lethal mutations of the locus (for example, 
Antp”, Antp””, Antp**). Third, animals which are homozygous 
or hemizygous for any of these reversions die as first instar larvae 
and show the characteristic terminal phenotype caused by loss of 
the wild-type Anip gene'* (but not those phenotypes associated 
with the loss of neighbouring genes, such as Scr, R14)"*. It is 
possible that reversions of the Antp™ mutation may eliminate 
more than one genetic function; however, in the absence of 
substantiative evidence that the Antp gene is itself complex, it is 
simplest to treat these reversions as mutations in a single gene. 

The consequences of removing the wild-type Antp gene from 
particular cells during development have been studied by 
generating clones of cells homozygous for Antp“**®© mutations 
in animals otherwise heterozygous for the mutation (see Fig. 1, 
Table 1). Cells belonging to these clones were independently 
marked using the bristle mutations Kinked, Stubble, 
Minute(3)w'** and ebony (Fig. 1, Table 1; see refs 15 and 16 for 
descriptions of mutations). In addition, the Minute technique of 


clonal analysis'’ was used, so that clones of homozygous, 
Antp™*®° M(3)w* cells grew faster than surrounding, 
Antp***®°/M(3)w'** cells, and hence formed large portions of 
the adult compartments '*’°. Clones were induced at the blas- 
toderm stage as well as at later times during larval development. 
The results are shown in Fig. 1 and Table 1 and are described 
below. 

First, clones in the eye-antennal segment were normal even 
when they were large enough to form most of the antenna, head 
capsule and maxillary palp (Fig. 1b, c). Similarly, clones in the 
proboscis, as well as at least the first six abdominal segments, 
were normal. 

Second, clones in the anterior compartment of the second leg 
frequently transformed some parts of the leg into corresponding 
antennal structures (for example, distal portions of the leg, such 
as the tarsus, were transformed into tissue characteristic of the 
distal antenna, such as the third antennal segment (Fig. 1d-f)). 
However, only some of the marked cells showed the homoeotic 
phenotype while the remaining marked cells formed normal 
second leg structures (Fig. 1d, e). 

Third, clones in the posterior compartment of the second leg 
were generally associated with the absence of parts of the 
posterior compartment; in a few cases, vesicles of antennal 
tissue were also found associated with the clone (Fig. 1g). Note 
that the posterior compartment of the antenna is relatively small 
(Fig. 1c)”. Consequently, a transformation of the posterior leg 
compartment into the posterior antenna compartment is expec- 
ted to replace the leg compartment with only a small amount of 
antennal tissue. 

Fourth, following irradiation at the blastoderm stage, the 
number of clones obtained in the anterior wing and notum (the 
dorsal derivatives of the mesothorax) were disproportionally 
small compared with the number of clones obtained in other 
appendages (Table 1). This result suggests that most blastoderm 
clones induced in the wing and notum primordium were lost 
during development or prevented the emergence of the flies 
bearing them. Wing and notum clones induced during the first 
larval instar and later, were found with similar frequencies to 
clones induced at the same time in other appendages. However, 
most of these clones showed abnormal patterns of notum bristles 
and in a few cases, atypical bristles were also observed. 

Finally, clones induced during the blastoderm stage in the first 
and third legs were abnormal in about half the cases. Generally, 
such abnormal clones were associated with the absence of 
portions of the leg and with atypical cuticular patterns which 
could not be identified. 

The principal result is that the phenotype of apparent null 
mutations of the Antennapedia locus (second leg transformed 
into antenna) is the reverse of that of dominant mutations of the 





Table 2 Control of antennal versus second leg development by the 
Antp” gene product 





Antenna Second leg 





Antp* gene Structure Antp” gene Structure 


Genotype product formed product formed 
Wild type Absent Antenna Present Leg 2 
Antp™/ + (Present) (Leg 2) Present Leg 2 
Antp” / Antp™ Absent Antenna Absent Antenna 





Model for the control of antennal versus second leg development by 
the Antp™ gene product. In both the antennal and second leg, presence 
(and activity) of the Antp” gene product leads to leg development 
whereas absence of the active gene product leads to antennal develop- 
ment. Normally, the Anip* gene product is absent (or inactive) in the 
antennal primordium, but present (and active) in the leg primordium. 
Mutations conferring the dominant Antennapedia phenotype result in 
the presence of active gene product in the antenna leading to an antennal 
to leg transformation (because this transformation is variable and 
incomplete it is likely that the gene product is only partially expressed or 
partially active in the antenna). Apparent null alleles of the Antp~ gene 
result in the absence of active Antp” gene product in both the antenna 
and second leg, leading to a transformation of the leg into antenna. 
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locus (antenna transformed into second leg). This situation 
parallels that of dominant and recessive mutations of several of 
the genes of the bithorax complex’, and leads to the following 
conclusions: (1) in wild-type flies, the Antp” gene product is 
normally active in the mesothorax where it promotes meso- 
thoracic as opposed to antennal development, but absent or 
inactive in the eye~antennal segment, and (2) mutations of the 
locus which confer a dominant Antennapedia phenotype result 
in inappropriate activity of the Antp* gene product in the 
antenna, thereby transforming the antenna into a second leg 
(Table 2). These conclusions must be considered in the light of 
the homoeotic phenotypes of embryos lacking the Antp” gene. 
Wakimoto and Kaufman™ have described this phenotype as a 
partial transformation of the meta- and mesothorax into pro- 
thoracic segments, and concluded that the Antp” gene is 
normally required in the meso- and metathorax for promoting a 
normal as opposed to a prothoracic pathway of development. If 


Fig. 1 Phenotype of somatic 
clones lacking the Anten- 
napedia* gene in the antenna 
and second leg. a, Wild type, 
second leg x56, b, c, Fly's 
head bearing a marked clone 
induced at the blastoderm 
stage which forms a normal 
antenna and part of the head 
capsule. Cells of the clone are 
marked by the recessive 
mutation ebony!! (e*t) which 
darkens the normal colour of 
cuticular structures, particu- 
larly bristles; cells outside the 
clone are marked by the 
dominant mutations Kinked 
(Ki), Stubble®* (Sb°*) and 
Minute(3)w'?*  (M(3)w!**) 
which together result in short, 
stunted bristles (see refs 15, 
16 for descriptions of muta- 
tions). In c, bristles belonging 
to the clone are blacked in, 
whereas bristles outside the 
clone are drawn in outline. 
The three antennal segments 
(1, IH and IHI), the arista (ar) 
and the anterior (A; 
unshaded) and posterior (P; 
shaded) compartments of the 
eye-antenna are indicatedinc. 
x186. d, Blastoderm clone 
which forms almost the entire 
anterior compartment of the 
second leg, transforming it 
into corresponding portions 
of the antenna. Note the 
presence of structures 
characteristic of the first (1), 
second (II) and third (HI) 
antennal segments. Note also 
that marked cells situated at 
the margins of the clone form 
normal leg tissue (in this case, 
a claw (arrow), and bristles 
characteristic of the distal 
leg). The untransformed 
posterior compartment lies 
beneath the transformed 
anterior compartment and 
hence is out of the plane of 
focus, X224. e, Detail of d 
showing apparent non- 
autonomy of the leg-to- 
antenna transformation. 
Marked cells at the periphery 
of the clone form bracted 
bristles characteristic of the 
distal leg (filled arrows 


their interpretation of the embryonic phenotype is correct, the 
results presented here would indicate that the Anip” gene 
product controls one developmental alternative (mesothorax 
instead of prothorax) in embryonic cells giving rise to the larval 
cuticle, and another developmenta! alternative (mesothorax 
instead of eye—antenna) in imaginal cells giving rise to the adult 
cuticle. 

A second result of interest is that the leg-to-antenna trans- 
formation observed in clones lacking the Antp” gene is shown by 
some, but not all, of the cells belonging to the clone, the 
remaining cells forming normal second leg structures. Although 
there are many possible explanations for this apparent non- 
autonomy, the simplest is that the wild-type Ang gene product 
can pass between cells, thereby allowing heterozygous cells to 
rescue neighbouring mutant cells. This interpretation is support- 
ed by the observations that large clones generally formed 
antennal structures whereas small clones did not (data not 





indicate bristles formed by the clone, outlined arrows indicate bristles formed by cells outside the clone: bracts can be seen as smail spikes at the base of most leg 
bristles. x352. f, Detail of the antennal tissue in e showing an antennal sense organ, the sacculus** (arrow), formed inside the homoeotic antenna. x 520. g, Second 
leg bearing a blastoderm clone which forms virtually the entire posterior compartment. Although the most proximal and most distal portions of the posterior 
compartment are not transformed (even though marked by the clone), the middle portions of the compartment are absent, giving the leg a truncated appearance 


(compare with a). Note also a vesicle of antennal tissue within the leg (arrow). «96. 
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shown), and that mutant cells which were untransformed were 
generally positioned at the periphery of mutant clones, next to 
heterozygous cells (for example, Fig. 1e). In this context, it is 
interesting that regions of the leg such as the distal tarsus and 
claw which were never transformed (Fig. 1d) are situated next to 
the anteroposterior compartment boundary*', and hence, are 
always adjacent to heterozygous cells which may rescue the 
mutant phenotype. The possibility that the wild-type Antp gene 
product can pass between cells also provides a plausible 
explanation for the results of Kauffman and Ling”*, who found 
that wild-type (+/+) clones in the antennae of Antp™'/ + flies 
often formed leg tissue. 

Studies of genes of the bithorax complex have provided 
support for the supposition that a series of thoracic-like seg- 
ments was progressively modified during evolution to form the 
sequence of specialized segments of the insect abdomen and 
thorax’, If a similar process modified more anterior, thoracic- 
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like segments into the specialized segments of the head, it is 
possible that a small number of control genes may be responsible 
for specifying the development of the head segments. Clearly, 
the products of such head promoting genes should not function 
in the thoracic segments, otherwise they also would develop into 
head segments. It is possible, therefore, that the product of the 
Antp” gene normally acts in the thorax to repress the function of 
head promoting genes, but is absent (or inactive) in the head 
segments where the functions of these genes are required for 
normal development. 
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The ‘bobbed’ (bb) mutation in Drosophila is represented 
phenotypically by shortened and abnormally thin scutellar 
bristles and by delayed development. There is a direct cor- 
relation between bristle size and ribosomal RNA (rRNA) 
synthesis’, and the bb mutation was at first explained as a 
deficiency of rRNA genes (rDNA)’. However, the bb pheno- 
type can occur in Drosophila melanogaster’ and Drosophila 
hydei’ with high rDNA content, while phenotypically wild-type 
flies are known with few rRNA genes, suggesting that what 
matters is not the number of rRNA genes but their tran- 
scriptional activity. In D. melanogaster, it has recently emerged 
that rRNA genes interrupted by an intervening sequence are not 
transcribed’. We now report that in D. hydei, the length of the 
scutellar bristle is directly proportional to the number of rRNA 
genes without this intervening sequence. 

D. hydei has three clusters of rRNA genes (nucleolar 
organizers, NOs), one on the X and two on the Y 
chromosome**. We have previously described flies containing 
only Y-chromosomal NOs which were not bobbed in spite of a 
low rDNA content. In contrast, flies with only X-chromosomal 
NOs, containing significantly more rDNA, were bobbed’. 
Clearly in D. hydei, the NOs on the Y and X chromosomes do 
not have a comparable influence on the bobbed phenotype. 

Many X-chromosomal rRNA genes in D. hydei contain an 
intervening sequence 6 kilobases (kb) long (ivs * genes)’, but in 
several genotypes with only Y-chromosomal NOs, no ivs* 
rRNA genes have been detected. As in D. melanogaster, ivs* 
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genes in D. hydei do not seem to be significantly transcribed’. 
Consequently, the X-chromosomal NO, in contrast with the 
Y-NO, does not seem to be completely functional with respect 
to rRNA transcription. 

Total rRNA gene numbers were determined by filter satura- 
tion hybridization experiments between ‘*C-DNA from whole 
adult flies and 28S *H-rRNA. To eliminate variation of bb 
expression within each of our laboratory strains, each investi- 
gated strain was newly started from a single pair mating, and flies 
from the F, or F, generation used. Among 20 genotypes 
investigated, 11 had either the wild-type scutellar bristle length 
of 0.57 mm or very close to it, in spite of the fact that their rDNA 
content varied from 210 to 1,113 genes per two chromosome 
sets (Fig. 1, Table 1). Two genotypes showed slightly reduced 
bristle lengths (0.50 and 0.52 mm), although their rRNA gene 
number was very high (780 and 1,067). Flies from seven other 
genotypes were phenotypically clearly bobbed, with bristle sizes 





Table 1 Bristle length and number of ivs~ and ivs* rRNA genes per 
two chromosome sets from bb and wild-type flies 





rRNA gene number =s.e.m. 
Bristle length 


Genotype +s.e.m. (n) ivs™ ivs” F; G 
x*!/0 0.212 + 0.004 (33) 2844 18948 18;3 
P dda >, Cau 0.316 +0.002 (31) 5546 365414 18;3 
Dial 0.306 +.0.004 (10) 7047 456413 40;4 
x3 79 0.240 + 0.002 (21) $246 388413 14;3 
xi 0.305 + 0.002 (69) 8046 341413 2354 
E ar, Ge 0.495 + 0.006 (25) 13549 645420 1953 
x70 0.354 + 0.006 (10) 9445 422415 30;4 
wtw"! 0.518 +0.004 (30) 142+14 925+30 30;3 
w™ 0 0.335 +0.002 (100) 7046 851431 28;3 
X/Q 0.568 + 0.002 (39) 220+17 151+16 27;3 
X/X 0.554 +0.003 (20) 428+15 276+12 23:3 


n, Number of flies of which the two posterior scutellar bristles have 
been measured. F, number of filters which have been measured per 
genotype to determine the rDNA percentage. G, number of gels used 
for Southern transfer, hybridization and determination of the ivs ~ /ivs* 
rRNA gene relationship. 
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Fig. 1 Plot of rRNA gene numbers per two chromosome sets of 
different genotypes of D. hydei relative to the length of the two 
posterior scutellar bristles. The bristle length of 10-100 individuals 
of each genotype was measured under a dissecting microscope. 
DNA from several hundred flies of each genotype was extracted, 
nick-translated with deoxy-'*C-ATP, and 2-yg samples were 
loaded on to nitrocellulose filters, essentially following the 
methods described previously'>. To determine the per cent rDNA 
in the different genotypes, the DNA was hybridized to 28S °H- 
rRNA from cultured cells of D. melanogaster. Hybridization was in 
the saturation range at Rot values between 0.4 and 0.5 mol 
RNA sI”!. The measured d.p.m. values have been corrected for 
non-specific background binding and for DNA loss during the 
hybridization procedure. The gene numbers have been calculated 
on the basis of a diploid genome size of 0.5 pg DNA and on the 
estimation that the X chromosome includes 17% and the af 
chromosome 9% of the DNA of a diploid D. hydei genome”? 

Chromosome symbols: XX, attached X, a chromosome without 
rDNA; w™!, X chromosome with two NOs”!; w™!, attached w” 

chromosome, carrying two NOs; Y1-X, Y1- vy and A-Y2, Y~X 
and Y-autosome translocation chromosomes, each with only one 

Y-chromosomal NO. 


between 0.21 and 0.35 mm. However, their rRNA gene number 
was of the same order of magnitude as that of wild-type flies: 
between 217 and 921. Nine genotypes of phenotypically wild- 
type flies had either the complete Y chromosome with two NOs 
ora Y-chromosomal fragment with one NO; two genotypes with 
wild-type bristles had only X-chromosomal NOs. The seven 
genotypes whose flies were distinctly bobbed all contained only 
X-chromosomal NOs. The fact that six of them had more rDNA 
than the wild-type X/O male demonstrates that not only Y- 
chromosomal but also X-chromosomal rRNA gene number is 
not directly correlated with the bobbed phenotype. 

To determine the relative amounts of ivs* andivs~ genes, the 
DNA from bobbed flies and from X/O or X/X wild-type flies 
was double-digested with EcoRI and PstI. The fragments were 
separated on 1% agarose gels, transferred to nitrocellulose 
filters according to Southern’ and hybridized with a **P-rDNA 
fragment (pDh2-A4) cloned from D. hydei'® (Fig. 2). This 
fragment, which consists mainly of the 288 coding region, 
hybridizes to an EcoRI~Pstl fragment of 5.4 kb with ivs” genes. 
With ivs* genes it hybridizes to a slightly smaller 4.8-kb band 
(Figs 2 and 3). The use of such similar-sized fragments for 
quantification of DNA after Southern transfer reduces the 
danger of an unequal transfer to nitrocellulose of DNA mole- 
cules with widely differing molecular weights. The two bands 
were quantified by scanning the autoradiograms on a Joyce- 
Loebl Chromoscan 200. The absolute ivs* and ivs” gene 
numbers were calculated using the values from Fig. 1, giving the 
results shown in Table 1. All bobbed genotypes possess few ius” 
genes compared with the wild type. 

When only the ivs” gene number of each genotype is plotted 
relative to the bristle length, a direct proportionality between 
the gene number and phenotypic bobbed expression is evident in 
the range between 30 and ~150ivs~ genes (Fig. 4). The cor- 
relation coefficient in this range is 0.95. The bobbed phenotype is 
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Table 2 ivs” rRNA gene number per two chromosome sets in salivary 





gland DNA 
ivs rRNA gene 
Genotype number + $.¢.m. F; G 
X/X 1494 8 (13) 2153 
x/O 14345 5,2 
xPP4 OPS 104247 953 
x40 4845 10;3 





X/O and X/X constitutions are compared in the wild-type and the 
bb4 stock. The total rDNA percentage was measured in DNA from 
hand-dissected salivary glands from third instar larvae by filter satara- 
tion hybridization (for methods, see ref. 13). The ius” rRNA gene 
content was determined photometrically after EcoRI~Pstl digestion, gel 
electrophoresis, Southern transfer, hybridization and autoradiography 
as described for DNA from whole flies. The values have been corrected 
for non-specific background binding, for DNA loss during the hybri- 
dization procedure and for differences in genome size. As only the 
euchromatic portion of the genome is involved in polytenization’” . two 
chromosome sets in a polyploid nucleus are 0.37 pg DNA in an x. /X 
genotype of D. hydei and 0.33 pg DNA in an X/O genotype (values 
calculated from the data of Mulder et al.°). F; G, for explanation, see 
Table 1 legend. 


no longer expressed when ~200ivs” genes are reached, A 
further increase in gene number (X/O: 220, X/X : 428 tus” 
genes) does not result in larger scutellar bristles (Table 1). 

Gene numbers have been measured on DNA extracted from 
whole flies, which contain both diploid and polyploid tissue. 
However, rDNA percentages measured in the DNA from whole 
flies differ from those in polyploid tissue as during poly- 
tenization'' and polyploidization’? in D. hydei, the rDNA is 
under-replicated. Furthermore, in particular genotypes the 
rDNA undergoes disproportionate replication: ‘gene compen- 
sation’ increases the rDNA content in some diploid organs 
relative to polyploid organs’’ and ‘independent rDNA poly- 
ploidization’ raises the rDNA percentage in polyploid cells 
relative to diploid cells'*'*. As the bristle-forming cells in 
Drosophila are polyploid’*, the rRNA gene number in polyploid 
tissue rather than the average number in whole flies should 
directly influence the bristle length. However, in genotypes 
without gene compensation or independent polyploidization, 
the amount of rDNA in whole flies is proportional to that in 
polyploid tissue. Thus, in such genotypes measurements on 
whole flies are sufficient. 

Because gene compensation in D. hydei has hitherto been 
only observed with Y-chromosomal NOs’*'*, we selected 
genotypes with only X-NOs for our investigations. It is less easy 
to exclude independent rDNA polyploidization, because this 
process occurs with both Y- and X-chromasomal NOs". For 
example, the ius” rDNA percentage in whole X/O males is 
almost exactly half that in X/X females (Table 1), but in salivary 
glands the ius” rRNA gene numbers of both genotypes were the 


Cloned fragment 


| EcoRI 


w Pst 


18S 28Sa BI WS 82 Spacer 18S 


Fragment quantified 
m genomic ONA 
Fig. 2 Schematic diagram showing the two types of rRNA gene 
with their EcoRI and PstI restriction sites’®. The indicated cloned 
fragment (pDh2-A4) was used for hybridization (see Fig. 3). For 
quantification of the two fragments in genomic: DNA, i was taken 
into consideration that the 4.8-kb fragment hybridizes only parti- 
ally to the cloned fragment. IVS, intervening sequence. 
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Fig. 3 Autoradiogram of EcoRI-Pstl-digested DNA hybridized 
with the cloned fragment pDh2-A4 (ref. 10) (see Fig. 2), demon- 
strating different ivs ~ /ivs~ gene relationships in four genotypes. In 
this experiment, 1 ug of nuclear DNA from whole adult flies of 
each genotype was loaded on 1% agarose gels, transferred to a 
filter and hybridized. The hybridization conditions used were: 
(1 ug cloned DNA in 10ml 2xSSC (1xSSC=0.15M NaCl, 
0.015 M Na citrate, pH 7.0), 0.2% SDS, 1x Denhardt’s solution; 
40h. The measured relationship of the two fragments within the 
genotype was independent of the amount of input DNA. For 
tracing on the Joyce~Loebl Chromoscan, autoradiograms were 
used only where the film density was linear with increasing 
exposure time. 


same (Table 2). If such independent rDNA polyploidization also 
occurs in genotypes with bobbed X chromosomes, the difference 
in bristle length between X/O and X/X constitutions measured 
in bobbed-1 and bobbed-4 stocks (Fig. 4) is difficult to understand. 

As it is very difficult to determine gene numbers directly on 
bristle-forming cells, we used a representative polyploid tissue, 
salivary glands, to determine the ius” rRNA gene numbers in 
our bobbed-4 stock. We found that X°*/°"* females have 
twice as many ivs” rRNA genes per chromosome set as X”"*/O 
males (Table 2). Thus the bobbed-4 X chromosome differs from 
the wild-type X chromosome by being replicated proportionally 
during polyploidization with respect to its ivs” rRNA genes. The 
bobbed chromosomes in the other stocks probably behave 
similarly, so that bobbed flies with low ivs ~ rRNA gene numbers 
also have low numbers in their polyploid tissue. 

Note that none of our investigated genotypes has a low 
number of both types of rRNA gene (Table 1). Genotypes with 
low ivs~ gene numbers have relatively high percentages of ivs* 
genes (81-92%), whereas the wild type has only 40% ivs* 
genes. It is possible that the two types of rRNA gene change 
their degree of multiplicity in a dependent manner; distinct loss 
in ivs~ genes (resulting in the bobbed phenotype) seems to be 
accompanied by an expansion of ivs* genes. Further experi- 
ments are being done to investigate this possible correlation in 
stocks where spontaneous bobbed mutations occur. Such a 
correlation would explain the observation’’ that the bobbed 
mutation in D. hydei is almost exclusively associated with the 
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Fig. 4 Direct correlation between ius” rRNA gene number per 
two chromosome sets and the length of the two posterior scutellar 
bristles of the same genotypes as in Table 1. 


X-chromosomal NO. Only two bobbed mutants of the Y 
chromosome have hitherto been recorded"*. In contrast, in D. 
melanogaster bobbed Y chromosomes are frequent’. In this 
species, ivs* genes also occur in the Y-chromosomal NO, 
whereas in all genotypes hitherto investigated’ in D. hydei, the 
Y-NOs seem to be completely free of ivs* rRNA genes. 
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The insertion sequence, IS 1, which is 768 base pairs(bp) long’, is 
the smallest active translocatable DNA element in bacteria (for 
review see ref. 2), and appears as a repeated DNA sequence in 
some Enterobacteriaceae species’. In particular, most Shigella 
species contain more than 40 copies of a sequence that hybri- 
dizes to IS1°. Here, we report the isolation of various repeated 
sequences from the Shigella dysenteriae chromosome and the 
DNA sequence analysis of the class, which is abut 770 bp long. 
The results demonstrate that there are two major types of 
sequence in this class; one is identical to IS1 except for 10-bp 
substitutions and is present in about 50 copies in the 
chromosome; the second sequence, 766 bp long, is repeated 
more than 150 times and has ~55% homology to ISZ on the 
nucleotide sequence level. Because of this high degree of 
homology, we call these ‘iso-insertion sequences’ of IS7. Further 
examination of the nucleotide sequence reveals common coding 
frames between these sequences, suggesting the existence of two 
genes that are required for multiplication of these sequences. 

Examination of Sh. dysenteriae DNA by electron microscopy 
after denaturation and renaturation revealed many single- 
stranded loop structures with duplex stems, indicative of the 
presence of inverted repeat sequences’. Of the 70 duplex stems 
examined, 44 formed a distinguishable peak at 0.77+0.06 
kilobases (kb}'in the histogram of length versus number of 
molecules. This size category of inverted repeat sequence 
comprised 3.94% of the total DNA strands measured. Assum- 
ing that the Sh. dysenteriae chromosome is the same size as that 
of Escherichia coli, namely 2.5 x 10° molecular weight (M,) or 
4x 10° kb (ref. 5), the estimated number of copies of these 
inverted repeat sequences is ~ 200 per chromosome. 

We then used an S, nuclease digestion technique to purify the 
inverted repeat sequences on the chromosomes (see Fig. 1 
legend). Figure 1A shows the repeated sequences purified from 
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Fig. 1 A, 1.4% agarose 
gels, showing bands of 
duplex DNA isolated from 
Sh. sonnei (a), Sh. dysen- 
teriae (b, c) and E. cali K-12 
(W3110) (d) chromosomes. 
The duplex DNAs were 
prepared as follows. The 
chromosomal DNA was 
first isolated by the method 
described by Saito and 
Miura®, dissolved in 10 ml 
of TE buffer containing 
0.01M Tris (pH 7.2) and 
0.001 M EDTA, titrated to 
pH 12.3 with 2M NaOH at 
room temperature and 
further incubated for 15 
min: The solution was then 
neutralized with 2 M HCI to 
pH 7.0. The Na” concen- 
tration in the DNA solution 
was adjusted to 0.3 M with 
3M NaCl and the solution 
incubated at 65 °C for 1 min 
for renaturation of inverted 
DNA sequences on the 
DNA strands. The single- 
stranded DNA in the soli- 
tion was digested at 37°C 
for 1h with 50U per pg 
DNA of S, nuclease in a 
buffer containing 40 mM sodium acetate (pH 4.6) and 4.5 mM ZnCl, After extraction of the solution with phenol saturated with TE buffer, the DNA was precipitated 
with ethanol and then suspended in 1 mi of TE buffer. 7 ml of 0.12 M sodium-potassium phosphate buffer (Na-P buffer, pH 6.8) containing 2 ml of hydroxyapatite 
(HAP) suspension (Bio-Rad) was added to the DNA solution and incubated at 65°C for 30 min. The solution was occasionally stirred with a glass rod to enhance the 
efficiency of adsorbing double-stranded DNA, The HAP-DNA complex was precipitated by centrifugation and resuspended in the Na-P buffer and the adsorption 
step above was repeated three times. Double-stranded DNA was then eluted from the HAP in 5 ml of 0.4 M Na-P buffer (pH 6.8) by incubation at 65 °C for 36 min. 
The elution step was repeated and a total of 10 ml of eluate saved. The solution was concentrated to 2 mi in dialysis tubing which was embedded in polyethylene glycol 
powder (Carbowax 6000, Bio-Rad), followed by dialysis against TE buffer. After precipitation of the DNA with ethanol, the DNA was resuspended in 200 pl of TE 
buffer. 10 yl of the solution was used for gel electrophoresis. The above procedure also extracts the plasmid duplex DNAs, present in the bacterial cells. The bands 
corresponding to plasmid DNA linear, open and closed circular configurations are shown by solid triangles. B, autoradiograms of 6% polyacrylamide gels showing 
5'-p-labelled fragments of purified inverted repeat DNA sequences of the Sh. dysenteriae chromosome which were cleaved with Haell (a), Hpall (b) and Abid ic), 
respectively. C, autoradiograms of 10% polyacrylamide-7 M urea gel containing the two small 5'3*P Jabelled Alul fragments, R and L, which were denatured with 
alkali and heated at 95 °C after elution of DNA bands shown in Bc. The ladders of bands (differing by one nucleotide in size) suggest that the 5’ ends of these fragments 
are actually heterogeneous. (Ladders seen in two other lanes on the right are size markers that were obtained by sequencing a 5’-?’P-labelled fragment by the method 
of Maxam and Gilbert”.) When the DNA in each of the most intense bands in the autoradiogram was eluted from the gel and subjected to nucleotide sequence 
analysis, the sequences at the two ends of IS 1D were almost identical to those at the ends of ISIR (see Fig. 3). 





Sh. dysenteriae, Shigella sonnei and E. coli K-12 chromosomal 
DNA after gel electrophoresis. It is clear that all produce a 
number of gel bands similar in size to known insertion sequences 
such as ISZ, IS2 and IS3. Note, however, that Sh. dysenteriae 
(also Sh. sonnei) produces an extremely dense band of DNA 
about 770 bp long. 

We purified the 770-bp sequences of the Sh. dysenteriae 
chromosome, labelled the 5’ ends of the DNA with “P and 
cleaved with various restriction endonucleases. As shown in Fig. 
1B, electrophoresis and autoradiography showed two pairs of 
bands, suggesting that DNA from the 770-bp region is 
composed of two major sequences that yield different cleavage 
patterns for the enzymes used. Ethidium bromide staining of 
these digests revealed two major groups of gel bands with 


different intensities (data not shown). The fragments from each 
group had a sum molecular length of about 770 bp. The ratio of 
the two components was estimated as 1:3 from the autoradio- 
gram. 

Restriction mapping revealed only a single difference 
between the minor 770-bp sequence and the IS7 sequenced by 
H.O. and E.O.'. A Haelll site absent in the minor fragment (we 
named this IS 7D) was present in ISZ (ref. 1) (we now cali this 
ISIR) (see Fig. 2A). However, the map of the major 770-bp 
component (which we call vé in order to assign an orientation to 
this sequence) was completely different (see Fig. 2.8). The same 
results were obtained using restriction fragments of the Sh, 
dysenteriae chromosomal DNA which had been cloned into the 
plasmid pBR322 (see Fig. 2). 





Fig. 2 A and A’ show cleavage r 
maps of ISID purified by $, ! 
nuclease and of IS1D present in a 
Hindi fragment cloned into 


pBR322, respectively. In A’, the Sh. 
dysenteriae unique sequence is 
shown by sawtooth lines, Note that 
a Haelll site at the position 
indicated by a vertical open arrow is 
present in ISIR but is absent in 
IS1D. B and B’ show cleavage maps 
of the v sequence purified by $, 
nuclease and of that isolated as a 
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Fig.3 A, the entire nucleotide sequence of the vg sequence determined by the method of Maxam and Gilbert”. The sentence is aligned with the nucleotide sequence 

of ISIR, which has previously been determined, to,indicate the sequence homology between them (see lines on the common nucleotides between them). The two 

sequences encode two common frames, insA and insB, coding for hypothetical amino acid sequences as shown, Homologous amino acids are boxed. B, a part of vé 

and unique chromosomal sequence (italic letters) in the fragment cloned into pBR322. C, critical parts of the ISIR sequences together with the amino acid sequences 

of InsA and InsB, Nucleotide sequences of ISID and ISIK differ from ISIR as shown. Some base substitutions cause amino acid changes as indicated. D, a part of the 
ISID sequence as well as a unique chromosomal sequence (italic letters) of the Sh. dysenteriae chromosome which has been cloned into pBR322, 


Different regions of the vé sequence were labelled with °P 
and used as probes to identify vé in the chromosomes of various 
Shigella species and the E. coli K-12 strain, JE5519, using the 
Southern blotting and hybridization techniques that we have 
previously used’, The vë probes hybridized with many EcoRI 
restriction fragments of Sh. dysenteriae DNA, but the pattern of 
these fragments was completely different from that previously 
seen when an ISIR probe was used. Also, the vé probe hybri- 
dized with only one EcoRI restriction fragment from Shigella 
flexneri and Shigella boydii and none from Sh. sonnei or JES519 


(data not shown), although several restriction fragments of these 
four species hybridized to IS7R*. These results suggest that vé 
does not cross-hybridize with sequences which hybridize to IS/ 
probes. 

We next used the Maxam and Gilbert method’ to determine 
the entire nucleotide sequence of vé and ISD isolated by the S, 
nuclease technique and by cloning into pBR322. The strategy 
used for sequencing is shown in Fig. 2. Sequencing the ends of 
the fragments purified using S, nuclease presented some 
difficulty, because the 5’ ends were found to be heterogeneous 
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(see Fig. 1C and its legend). Figure 3A shows the entire 
nucleotide sequence of vé purified by the S, nuclease technique. 
The nucleotide sequence of the cloned copy of vé gave the same 
result, suggesting that the repeated sequences of this kind in the 
Sh, dysenteriae chromosome are homogeneous. Although the 
cleavage map of the vé sequence was completely different from 
that of IS1R (and IS1D), the nucleotide sequence of ré showed 
55% homology with that of ISIR as represented in Fig. 3A. We 
also found that a 31-base sequence at the v end of the vé 
sequence appeared in an inverted orientation at the € end, 
although there are 6 base mismatches between them. Small 
inverted repeat sequences are also present in ISZ R>" and are 
quite homologous to those at the ends of vé. 

When the vé and ISIR sequences were searched for possible 
coding frames, two common frames, which we call insA and 
insB, were present (Fig. 4). They code for polypeptides of very 
similar size (InsA, M,~ 10,000, and InsB, ~ 15,000) and their 
amino acid sequences are remarkably similar (see boxed region 
in Fig. 3A). If pairs of related amino acids (for example, 
Arg-Lys) are considered to be equal, the two polypeptides from 
vé show about 56% homology to those from ISIR. 

The nucleotide sequence analysis of IS1D showed only 10 
base pair changes between ISIR and IS1D. As shown in Fig. 3C, 
only two of these substitutions in insA and one in insB cause 
amino acid changes. 

It has been reported that the nucleotide sequence of an IS] 
present in the E. coli K-12 chromosome shows seven base pair 
changes when compared with that of IS/R°*. In this ISZ, which 
we refer to as ISIK, one of the base changes causes an amino 
acid change in polypeptide InsA, another changes an amino acid 
in InsB (Fig. 3C). 

We postulate that the two coding frames, insA and insB, and 
the inverted repeat sequences seen at the ends of the vé and 
IS1D sequences are necessary for translocation of IS/ and its 
iso-insertion sequences, In fact, genetic studies in our laboratory 
show that deletion mutations in either of these two coding 
frames or in the two ends of ISIR cause loss of translocation 
activity ™"?, 

In the region preceding the insA coding frame, but not the 
insB coding frame, we identified both a ribosome binding 
(Shine-Dalgarno) sequence’? (nucleotides 47-51 in vé and 45- 
50 in ISIR) and a —10 homology region (or Pribnow box) 4" 
(nucleotides 31-37 in vë and 30-36 in ISIR) as indicated in Fig. 
3A. This suggests that the insA message is probably transcribed 
and translated efficiently. On the other hand, the lack of obvious 
promoter sequence in the region preceding insB suggests either 
that insB may be transcribed very inefficiently or that it is 
transcribed as a part of a polycistronic message beginning at the 
insA promoter, The fact that the region preceding insB also 
lacks a Shine-Dalgarno sequence may suggest, however, that 
insB is very poorly translated even when the polycistronic 
message is transcribed efficiently. The presumed inefficient 
translation of InsB may be related to control of the rate at which 
ISZ multiplies in the chromosome. 

The nucleotide sequences of unique chromosomal DNA 
adjacent to both ends of the vé sequence and IS/D in the cloned 
fragments are shown in Fig. 3B and D. Although it is generally 
accepted that insertion sequences and transposable elements 
generate directly repeated duplications of several bases at the 
target site on translocation (for review see ref. 2), no such direct 
repeat sequences are present at the junctions of v and IS1D. 
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Fig.4 The possible initiation and termination codons formed within pë and 
ISIR. All three reading frames of both strands were analysed as shown, Long 
angled lines represent AUG start codons; shortangled lines represent GUG 
start codons. Vertical lines indicate the presence of a UGA, UAA or UAG 
termination codon. All open frames for possible polypeptides are indicated 
in positions with numbers (see Fig. 3). The two open frames common in the 
two sequences are labelled InsA and InsB as shown. Note that the base 
change in IS1D at position 281 (which eliminates a Haelfl site present in 
ISIR) introduces a termination codon into an open frame which precedes 
insB of ISIR (see open arrow), indicating that the open frame from 250 to 
376 is not essential for translocation of ISIR or IS1D. 


The absence of direct repeat sequences could be explained in 
two ways. First, deletions which occurred at the precise ends of 
the insertion sequences after the translocation of these 
sequences would result in loss of the part of the chromosome 
that includes the duplicated sequence. Alternatively, two copies 
of these repeated sequences flanking a unique chromosomal 
sequence could become a transposable element [as has been 
observed for transposable elements such as Tn and Tn 1681 
(refs 16-18)] and move into other sites.on the chromosome. In 
these cases, the individual IS7 components of the transposable 
element are not flanked by direct repeats". 

IS/ is not thought to be essential for the survival of bacterial 
cells. Nevertheless, it can multiply within a bacterial host, 
resulting in large numbers of IS? sequences within the host 
chromosome, Also, the various types of base changes that we 
have observed in iso-insertion sequences suggest that IS] can 
evolve independently within a bacterial cell. In this respect, IS J 
may be an intracellular parasite even more primitive than 
bacteriophages or bacterial plasmids. 
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This work was supported by USPHS grants GM26779 to H.O. 
and GM22007 to E.O. and partially by support from NTH 
training grant CA09176. 


11. Ohtsubo, E. et al, Cold Spring Harb. Symp. quant. Biol. 48, 283-295 (1981). 

12. Machida, Y., Machida, C., Ohtsubo, H. & Ohtsubo, E. Brac. natn. Acad. Sei 
press). 

13. Shine, J. & Dalgarno, L. Proc, nam. Acad. Sci. U.S.A. TL, 1342-1346 (1974), 

14. Gilbert, W. in RNA Polymerase (eds Losick, R. & Chamberlin, M.) 193-205 (Cold Spring 
Harbor Laboratory, New York, 1976). 

15. Rosenberg, M. & Court, D, A. A. Rev. Genes 13, 319-353 (079), 

16. MacHattie, L. A. & Jackowski, J. in DNA Insertion Elements, Plasmids and Episames (eds 
Bukhari, A. L. Shapiro, J. A. & Adhya. S. L.) 219-228 (Cold Spring Harbor Laboratory, 
New York, 1977). 

17, So, M., Heffron, F. & McCarthy, B. Nature 277, 483-456 (1979). 

18. So, M. & McCarthy, B, Proc. natn. Acad Sei UEA. TT, 4011-4014 (1980: 

19, Johnsrud, L., Calos, M. P. & Miller, J. H. Celf 18, 1209-1219 (1978). 





LSA. (in the 





644 
ERO ps tS SES MEE 





Non-parallel evolution of 
metabolic and 
growth-promoting functions of insulin 


George L. King & C. Ronald Kahn 


Section on Cellular and Molecular Physiology, Diabetes Branch, 
NIAMDD, National Institutes of Health, Bethesda, 
Maryland 20205, USA 





Insulin has both metabolic and growth-promoting activities’. 
From extensive studies on the relative potencies of naturally 
occurring and chemically modified insulins, a region of the 
insulin molecule that is essential for its metabolic effects has 
been proposed‘. Here, we have compared the effects of 23 
different insulins and insulin analogues on growth (thymidine 
incorporation into DNA) and metabolic activities (glucose oxi- 
dation). For many insulins striking differences in potency in 
these two assays were observed. Most exhibited greater relative 
activity in growth-promoting than in the metabolic assay, 
suggesting that growth and metabolic activities of the insulin 
molecule have evolved in a non-parallel fashion and may involve 
separate functional domains of the molecule. 

Insulin effects at the cellular level are diverse. Exposure of 
ceils to low concentrations of insulin results in a rapid stimula- 
tion of a variety of enzymes and transport systems involved in 
cellular metabolism”. At higher concentrations and after 
longer times, insulin also exerts growth-promoting effects with 
stimulation of macromolecular synthesis**’. Using antibodies 
to the insulin receptor, we have recently shown that the 
metabolic activity of insulin is mediated by the insulin receptor, 
whereas the growth-promoting effects are probably mediated 
through one of the receptors for the insulin-like growth factors 
(IGFs)'°. The latter are a family of polypeptides that are struc- 
turally homologous to insulin and share many common biologi- 
cal activities, but are immunologically distinct’. The IGFs 
include IGF-I, IGF-I], somatomedins A and C and multi- 
plication stimulating activity (MSA). In addition, IGFs have 
their own cell-surface receptors’”’’. Whereas the biologically 
active site of insulin for metabolic activity and insulin receptor 
binding has been extensively mapped*'’, little information 
exists on the structural requirements for its growth-promoting 
activity. To this end we have compared the effects of a wide 
variety of insulins and IGFs in two bioassays. 

Dose-response curves of insulins for stimulation of glucose 
oxidation in dispersed rat epididymal adipocytes demonstrated 
the wide range of potencies of insulin analogues for metabolic 
effects (Fig. la). For turkey, pork and bonito insulins, proinsulin 
and desoctapeptide insulin, the relative potencies (%) in this 
assay were 240, 100, 42, 2 and 0.4, respectively. In contrast, 
dose-response curves for the stimulation of thymidine 
incorporation into DNA of cultured human fibroblasts by these 
same analogues showed both different relative potencies and a 
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Table 1 Comparison of insulins and IGFs in metabolic 
and growth assays 





(ED so pork /ED so 
analogue) x 100 
Stimulation Stimulation 
of glucose of thymidine 
oxidation incorporation 
Insulin (A) B) B/A 

Pork (monocomponent) 100 100 1.0 
Beef ; 100 98 1.0 
Human (synthetic) 94 120 1.3 
Mouse 82 130 1.6 
Sheep 75 100 1.3 
Horse 87 112 1.3 
Proinsulin (pork) 2 51 26 
Proinsulin (beef) 3 63 21 
Turkey 240 350 1.5 
Bonito (fish) 42 160 3.8 
Hagfish 7 8 1.1 
Guinea pig* 3 12 4 
Porcupine* 3 110 37 
Coypu* 1 190 190 
Casiragua* 2 43 22 
Desoctapeptide (DOP) insulin 0.4 30 75 
Des-Ala des- Asp insulin 5 10 2 
Des-Gly Al des-Phe B1 insulin 0.8 14 18 
Butoxycarbonyl A1 insulin 50 80 1.6 
A1-B29 adipoyl insulin 6 98 16 
Insulin-like growth factor I 0.2 860 4,300 

(IGF-I) 
Insulin-like growth factor I 1.0 430 430 

(IGF-II) 
Multiplication stimulating 0.2 120 600 

activity (MSA) 





Stimulation of glucose oxidation was measured in dispersed epidi- 
dymal adipocytes of Sprague-Dawley rats (100-140 g) as the conversion 
of '*C-ghucose to '*CO, as described by Rodbell et a/.°. For measuring 
incorporation of *H-thymidine into DNA of cultured human fibro- 
blasts“, cells used were from the Sth to 15th passages. After each 
passage, the cells were allowed to reach confluency with media contain- 
ing 20% fetal bovine serum (Flow Labs 29101420), then maintained in 
serum-free Eagle’s minimal essential media for an additional 5~7 days 
before use. The results shown are the average of quadruplicate assays. A 
control dose-response curve with porcine insulin was done with each 
experiment. Inter- and intra-assay variations were less than 25% and 
20%, respectively, 

*EDso values for the hystricomorphs were derived by taking the 
concentration of insulin needed to stimulate thymidine incorporation 
that corresponds to the half-maximum of pork insulin’s dose-response 
curve. 


different order (Fig. 1b). Turkey (350%) and bonito insulins 
(160% ) were more potent than pork insulin. Porcine proinsulin 
and desoctapeptide insulin remained less potent than pork 
insulin, but both were considerably more potent in the thy- 
midine incorporation assay than in glucose oxidation. These 
differences in potency were not due to a change in the rate of 
degradation (data not shown). Furthermore, the differences are 
unlikely to be due to contamination with IGFs, because fully 
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Fig. 1 Dose-response curves of some naturally 

occurring and chemically modified insulins for 

the stimulation of glucose oxidation in rat adipo- 

cytes (a) and thymidine incorporation into DNA 

in human fibroblasts (b). The methods are 
described in Table 1 legend. 
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Fig. 2 a, b, Dose-response curves of pork 
insulin and various IGFs for the stimulation of 
glucose oxidation in rat adipocytes (a) and thy- 
midine incorporation into DNA in human fibro- 
blasts (b). c, d, Dose-response curves of pork 
insulin and various hystricomorph insulins for the 
stimulation of glucose oxidation in rat adipocytes 
(c) and thymidine incorporation into DNA in 
human fibroblasts (d). The methods are as 
described in Table 1 legend. 


synthetic human insulin is equally potent with pork insulin in 
both bioassays (Table 1 and ref. 14). 

The divergence between insulin’s metabolic and growth 
effects is further substantiated by data with other insulin ana- 
logues (Table 1). With the exception of hagfish insulin, all the 
naturally occurring insulins were at least 50% as active as pork 
insulin in the thymidine incorporation assay, suggesting that 
insulin’s growth effects have withstood evolutionary changes in 
the molecule better than its metabolic effects. This observation 
is strengthened by the results with chemically modified insulins 
which have retained their growth activity to a greater degree 
than their potencies in glucose oxidation. 

The most extreme examples of divergence in the two assays 
are shown by IGF-I, IGF-II and MSA (Fig. 2a, b). All these 
growth factors have <1% of pork insulin’s metabolic potential, 
with insulin > IGF-II > MSA >IGF-I. However, when 
comparing their growth potentials, the order of potencies is 
completely reversed, with IGF-I being the most potent and 
insulin the least. 

At high concentrations almost all the insulins and IGFs 
produced the same maximal response in the bioassays. 
Furthermore, insulin’s growth effect on the human fibroblast 
was not additive to that of the IGFs (ref. 11 and data not shown), 
suggesting that these peptides have a common rate limiting step 
either at the receptor or beyond. 

However, insulins from the family of mammals referred to as 
hystricomorphs (guinea pig, porcupine, coypu and casiragua) 
did not conform to this finding. These insulins differ from other 
mammalian insulins in that they are unable to bind zinc, and 
exhibit low degrees of dimerization and low potency for 
metabolic effects*’*'® (Fig. 2c). In contrast, when these insulins 
were studied in the thymidine incorporation assay, two points of 
interest emerged (Fig. 2d). First, like many other insulins, at low 
concentrations the hystricomorph insulins exhibited a greater 
relative potency in the growth assay than in their metabolic 
effects. More importantly, at higher concentrations these 
insulins stimulated thymidine incorporation into DNA to a 

greater maximum than any other insulin, insulin-like growth 
factors or combination of the two tested (Fig. 2d). In fact, at high 
concentrations guinea pig insulin approached the activity of 
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20% fetal calf serum, the most potent stimulus known in this 
assay. 

From these data, some of the properties of the insulin mole- 
cule that are responsible for growth can be deduced. First, the 
growth-promoting action of insulin can tolerate a greater change 
in structure than the metabolic effects. Specific substitution of 
histidine in the A8 (A chain, residue 8) residue of insulin (for 
example, turkey insulin) enhances both its metabolic” and 
growth effects. The B22—B30 region of insulin, which is vital for 
insulin’s metabolic activities*, is not crucial for insulin growth 
effects. This is clearly demonstrated by the results of desoc- 
tapeptide insulin, and is consistent with the model for the 
structure of insulin-like growth factor I proposed by Blundell et 
al."* in which this portion of the molecule is covered. Finally, the 
unexpected finding that the hystricomorph insulins gave a higher 
maximum response than other insulins in the growth-promoting 
assay raises the possibility that they are closer functionally and 
evolutionarily to the IGFs than other mammalian insulins. Four 
areas of similarities between the sequences of hystricomorph 
insulins and IGFs may be important: B10 (Asn, Gin and Glu in 
the hystricomorphs and IGF; His in other insulins), B13 (Asp in 
IGF and hystricomorphs; Glu in others), B26 (Tyr in coypu, 
casiragua and IGFs, Phe in others) and A4 (Asp in hystri- 
comorphs, Glu in others). 

The present data thus indicate that the growth-promoting 
activity of the insulin molecule is distinct from its metabolic 
activity and is less affected by amino acid substitutions. 
Presumably, this reflects differences in the specificity of the 
receptors for the IGFs and insulin. The insulins from the hystri- 
comorph family seem to be unique in their ability to stimulate 
DNA synthesis. Preliminary studies in our laboratory suggest 
that this superagonist property can be explained by a receptor 
which uniquely recognizes the hystricomorph insulins, indicat- 
ing that the hystricomorph insulins may represent another class 
of ‘insulin-like growth factors’. 
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Is the similarity of monozygotic 
twins due to genetic factors alone? 
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It is generally assumed that the identity of the genotype explains 
why there is less difference between monozygotic than between 
dizygotic twins. But monozygotic twins are also exposed to 
identical non-genetic influences, which act on the common 
zygote until the time of separation into the two twin partners. 
We have studied such influences by comparing genetically iden- 
tical monozygotic and dizygotic mouse twins transplanted into 
foster mothers at the 8-cell stage. We show that monozygotic 
twins have a greater degree of similarity than genetically iden- 
tical dizygotic twins. This suggests that the differences between 
dizygotic twins may be due in part to non-genetic influences on 
the zygote as far as the third cleavage stage. 
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Differences between monozygotic (MZ) twins derived from a 
single zygote of an inbred line were compared with differences 
between dizygotic (DZ) twins from two ova of one mother of the 
same line. Body weight and onset of signs of somatic maturation 
(first appearance of hair, eye and ear opening) were determined. 
The high degree of isogenicity of inbred mice has been discussed 
elsewhere’*, Our experiments were carried out on inbred 
AKR/NHan mice derived from brother-sister mating over 
more than 150 generations, Isogenicity in these inbred strains 
was continuously verified by testing different immunogenic and 
biochemical genetic markers, and by measuring morphometrical 
traits of the mandibula. Over 100 gene loci have been tested by 
the breeding units at Zentralinstitut fiir Versuchstiere, FRG; the 
results have been reported elsewhere’. 

MZ twins were produced as follows: ova were collected by 
flushing the tuba uteri on day 33 post coitum (p.c.) (vaginal 
plug = day 1) after spontaneous ovulation. The flushing fluid’ 
contained phosphate-buffered saline (PBS) supplemented with 
20% heat-inactivated (30 min at 56 °C) fetal calf serum (FCS). 
The zona pellucida was removed by incubation with 0.5% 
pronase® and the denuded ova were cultured in the flushing 
medium at 37 °C for 3 h in an atmosphere of 95% air, 5% CO, 
(refs 7,8). The 8-cell stages, in a microdrop of the flushing 
medium, were mechanically separated under liquid paraffin 
using an extended glass capillary tube, and both halves were 
incubated for 3 h as described above. The two halves, together 
with five to seven denuded 8-cell stages of CS7BL/6JHan were 
then transferred to the uterus of 2}-day pseudopregnant, uni- 
parous C57BL/6JHan recipients®’. DZ twins were produced in 
the same way except that, instead of two halves of one 8-cell- 
stage zygote, two undivided, denuded 8-cell-stage zygotes 
derived from one mother were transferred. 

Animals were born at ~day 20 p.c. The litters of 4-8 offspring 
each were suckled by their uterine foster mothers, weaned at 25 
days of age, and the males and females of each litter placed in 
separate cages. All animals were examined daily for health and 
signs of maturation, and weighed every 10 days from 31 to 101 
days old. MZ and DZ AKR twins were identified by their white 
hair among their black C57BL/6JHan littermates. In ~200 
transfer experiments, 10 litters had living MZ twins. In the same 
period, 13 pairs of DZ twins were produced in ~50 attempts. 
For each of the measured characteristics mean and standard 
deviation, and ‘within pairs’ (MS,,) and ‘between pairs’ (MS,) 
mean squares were calculated. Analysis of variance model II 
(ref. 10) was used to calculate the component of variance (s?) for 
the variation between the pairs in each group of MZ and DZ, 
that of male and female twin pairs separately, using the formula: 
si = 0.5 (MS,~-MS,). A typical calculation is given in Table 1. 


Table 1 Body weights of pairs cf 51-day old male MZ and DZ and estimation of mean squares and components of variance analysis model II 
(random effects) 











Body weight (g) 
MZ DZ 
23.0 21.5 28.0 21.5 
23.0 25.5 27.0 26.5 
30.0 31.0 26.0 24.0 
29.0 27.0 21.0 25.0 
27.0 27.0 24.5 22.5 
26.0 25.5 
28.0 28.0 24.6 + 2.37 
26.5 24.5 
26.2 + 2.66 
Mean Components Components 
Sum of square of variance Sum of of variance 
di, squares (MS) is^) d.f. squares MS is^ 
Total 15 99.6 6.64 — 9 50.4 5.60 _ 
Between 7 90,7 12.97 5.93 4 17.2 4.3 1.18 
Within 8 8.9 111 1.11 5 33.3 6.65 6.65 
F =6.65/1.11 = 5.99 
P <0.005 
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Table? Mean+s.d., MS, and s? estimated for age of MZ and DZ at first appearance of hair, and eye and ear opening of males and females combined, and for body weight 
of males and females of different age 








Character Meanss.d. 
MZ DZ 
Appearance of hair (days) 6.00 + 1.65 6,35 £1.32 
{20} (26) 
Eye opening (days) 14.20 +2.37 13.6542.65 
(20) (26) 
Ear opening (days) 13,604 3.01 13.50% 2.86 
(20) (26) 
Body weight (g), 3 17.504 3.53 1§.8042.79 
day 31 (16) (10) 
Body weight (g), $ 13.504 3.46 15,.4123.35 
day 31 (4) (16) 
Body weight (g), ¢ 23.3443.01 20.70 + 2.20 * 
day 41 (16) (10) 
Body weight (g), 9 20.75 + 1.44 19.50 + 3,54 
day 41 (4) (16) 
Body weight {g}, d 26.41 £2.58 24.6042.37 
day 51 (16) (10) 
Body weight (g), l 23.8741.31 22.562:3.81 
day 51 (4) (16) 
Body weight (g), 3 28.784 2.27 27.20% 2.29 
day 61 (16) (10) 
Body weight (g), ? 25.5+0.91 26.2244.12 
day 61 (4) a6) 
Body weight (g), 8 30.34 +2.64 28.95 2.69 
day 71 (16) (10) 
Body weight (g), 3 32.60 +2.94 29.68 +4.11 
days 81,91, 101 (16) (10) 


Component of variance 





MZ DZ F P 


s 2.89 0.91 3.18 <0.05 
MS, <0.001 0.88 380.00 <0,001 
2 5.96 6.17 1.04 NS 
MS, <0,001 Lit 1,110.00 <0.001 
s 9.60 7.22 1.33 NS 
MS. <0,001 1.20 1,270.00 <0.001 
sf 11.19 4.15 2.70 NS 

MS, 2.06 4.10 1.99 NS 
s 18.00 3.12 5.77 NS 
MS, <0.00005 8.33 13,900.00 <0,004 
s 9.05 1.80 7.67 <0,05 
MS, 0.61 3.25 5.33 <0.05 
s 3.12 3.32 1.06 NS 
MS,, <0,00005 9.47 189,400.00 <0,001 
s 5.93 LIS 5.03 NS 
MS, L11 6.65 5,99 _ <0.05 
s 2.53 6.06 2.40 NS 
MS, 0.06 8.87 147.83 0.01 
s? 5.21 2.49 2.09 NS 
MS, 0.26 7.50 28.85 <0.01 
g 1.06 3.83 3.61 NS 
MS, 0.12 13.39 111.06 <00 
s 7.07 1.94 3.64 NS 
MS,, 0.39 5.52 14.15 <0,01 
s? 7.70 7.64 1.01 NS 
MS,, 1.13 9,49 8.40 <0.01 


enn aaa 


Mean+s.d., MS, and the between pairs component of variance (s2) estimated in groups of MZ and DZ twins for the day of first appearance of hair, and eye and ear 
opening of male and females combined, and for the body weights (g) of males and females of different age. Numbers in parentheses are number of animals. NS, not 


significant. 
* Means are significantly different (P < 0.05). 


The F-test was used to compare sẹ and MS, between the MZ 
and DZ twin groups; the results are shown in Table 2. The mean 
age at first appearance of hair and of eye and ear openings did 
not differ (P > 0.5) between MZ and DZ groups. In addition, the 
mean body weights of MZ and DZ did not differ (P >0.1) in 15 
out of 16 measurements made between 31 and 101 days old. The 
mice stopped growing at ~70 days old; the mean body weight at 
81, 91 and 101 days remained constant, therefore the results of 
these ages were combined. 

A comparison of the total variance between MZ and DZ with 
respect to the measured characteristics reveals no detectable 
trend. MS, and sẹ for the pairs of twins are significantly different 
in the two groups (see Table 2, columns 4-8). In monozygotic 
twins MS, is extremely small, most of the variance being due to 
sł. In dizygotic twins MS,, was greater than sẹ for 9 of the 13 
measurements. MS,, for the monozygotic twins was significantly 
smaller than that of the dizygotic twins, for the observed ages of 
maturation and body weights in males and females up to the time 
of maturation (61 days). This difference remained significant in 
males even after maturation, but it disappeared in adult females. 
From repeated weight estimation for each MZ and DZ adult 
male at 81, 91 and 101 days of age the intra-individual 
component of variance was calculated to be 2.39? g. This 
component of variance is approximately equal to the MS, of the 
MZ but is smaller (P < 0.05) than that in DZ. 

Thus in spite of the fact that both MZ and DZ were isogeneic 
and developed in identical pre- and postnatal environments, the 
MZ pairs showed fewer differences than the DZ pairs. A 
possible explanation for these findings is residual heterozygosity 
in the AKR inbred strain, but there is no support for such a 
hypothesis. We are following a divergent breeding programme 
in our AKR/NHan strain that is selective for the characteristics 
under study, to provide further evidence for the homogeneity of 
the gene loci involved. An alternative explanation for the larger 
differences observed in the DZ twins is that experimental 
manipulation differed between the MZ and DZ groups; whereas 
the 8-cell embryos of the MZ group were divided, those of the 





DZ group were not. However, it is difficult to see how experi- 
mental manipulation of this kind could create greater similarity, 
To investigate this further, control studies are being done in 
which, for example, two embryos at the 8-cell stage are divided 
and one 4-cell entity from each is transferred to a common foster 
mother. 

From the available evidence, we conchide that each zygote is 
modified by a non-genetic mechanism before the third cell 
division in such a way that postnatal maturation times and body 
weights and possibly other characteristics are considerably 
different between individuals. If a zygote is divided after the 
third cell division, the modification is decisive for both mono- 
zygotic partners in the same way. It has long been known that 
there is a non-genetical component of variance of many quan- 
titative characteristics which could not be accounted for by 
environmental influence, that is, by circumstances external to 
the individual. This component was called ‘intangible vari- 
ance’!''? and was attributed also to ‘accidents’ of development. 
We believe that the quantitative component of variance 
described here is a manifestation of such intangible variance. 

This work was supported by Deutsche Forschungsgemein~- 
schaft SFB 146/B9. 
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Selfish DNA, which contains ne genetic information but which is 
perpetuated in eukaryote genomes, has attracted much atten- 
tion recently'“. Two classes of selfish DNA have been dis- 
tinguished: tandemly repetitive sequences such as satellite DNA 
and dispersed repeated families. Unequal crossing-over is 
considered to be mainly responsible for spreading of the former, 
and an integration mechanism (as in bacterial transposons) for 
evolution of the latter. Here 1 derive equations and simulate 
distributions (using randomly generated numbers as data) to 
show how the numbers of tandem and dispersed repeat units of 
selfish DNA in a population change with time. I find that 
whereas the mean number of clustered and dispersed units 
remains constant, the distribution becomes increasingly dis- 
persed with time. 

Both unequal crossing-over and integration occur randomly, 
such that the overall mean change of unit number is zero, I 
assume that the number of units per genome in an evolving 
population changes by inter-zenome exchange as well as by 
random sampling drift at reproduction. How does the mean 
aumber of units per genome of the population drift with time? In 
the previous study’, the relationship between the mean and 
variance of the number of units in the population was obtained 
when the above processes balance each other. I shall start from 
such an equilibrium situation. The basic premise of this study is 
that self-replication has a more profound effect on the evolution 
of selfish DNA than individual base substitution, on which 
evolution of ordinary stable gene loci depends. 

The same model as in ref. 5 is used; however, the tandem and 
the dispersed repeated sequences are here treated separately. 
Each repeating unit of the dispersed class is assumed to have a 
constant probability a, of either forming an additional copy of 
itself or being deleted in one generation. Exchange of units 
between the genomes also takes place in each generation at rate 
8. At meiosis, the units are assumed to be randomly distributed 
to the two daughter cells by the normal methods of 
chromosomal segregation. Both unequal sister-chromatid 
exchange (rate per generation a.) and unequal inter- 
chromosomal crossing-over change the amount of clustered 
selfish DNA. It is assumed that the mean number of duplicated 
or deleted units in one generation is proportional to n, the 
number of repeating units ir a genome (constant of propor- 
tionality, a). Inter-chromosomal crossing-over between the 
homologous repeated DNA is complicated because the two 
genomes usually have different numbers of repeating units. 
Recombination can be either ‘equal’ or ‘skewed’ depending on 
where the smaller segment of repeated DNA comes in relation 
to the larger segment. Equa! recombination occurs when the 
small segment falls completely within the larger segment, and 
skewed recombination wher it does not. The equal recom- 
bination rate per generation is denoted by B, and the skewed 
one, by 8}. In addition to the above processes, random sampling 
of gametes occurs at reproduction (number of breeding indi- 
viduals, N). The parameters of various processes for the two 
classes are summarized in Table 1. 

Let x and y be the average number of units per genome in the 
populations of tandem and the dispersed repeated sequences 
respectively. They are random variables and, in the following, 
their distribution is investigated as function of time. In numeri- 
cal experiments I generate data starting off with random 
numbers, and study the distribution obtained using the equa- 
tions derived below. 
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The ‘pseudosampling (PSV)’ method of Kimura® is used, 
which greatly facilitates the simulation. If x is the average 
number of units in the present population, then its number in the 
next generation, x’, is given by 


x' =X + bosy’ (1) 


where ps is a uniform random number with mean 0 and the 
variance expected after the occurrence of the various processes 
given in Table 1. The variance (V,,) of change of x (£s) may be 
calculated using equations (5) and (12)-(14) of ref. 5, and by 
noting that x is the average of 2N variables. Note further that 
each genome undergoes, independently of the other, replication 
and exchange processes, before it is sampled for the next 
generation. Also, equation (13) of ref. 5 is equivalent to stating 
that the square of the average number of units increases by the 
absolute value of the right term of this equation by sampling of 
gametes. It becomes 


x? Bi 6(a,a? + 1)—28,-B} 
V -=( 4ER f Hea 
aN On ta 1 28,+B,+3N 7! —6a,a? 


by assuming that 28,+8{+3N~'>6a,a’. The simulation is 
continued, starting from a given value of x at time 0, for SON 
generations, and it is repeated 1,000 times. Whenever x 
becomes <1/N, x is put to 0, and the population has lost the 
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Fig. 1 A, results of simulations of the distribution of the average 
number of tandemly repeated units per genome in the population. 
Parameters are: initial number of units (x9) = 10°; unequal cross- 
over rate (a>) = 10°; fraction of units duplicated or deleted (a) = 
0.1; equal recombination rate (8) = 10~?; skewed recombination 
rate (8{)= 1077; and N = 10*. Distribution was obtained for the 
intervals of 10 units, with terminal classes of 0 and >280 units. B, 
results of simulations for the dispersed repeating sequences. 
Parameters are: initial number of units (yg) = 20; rate of dupli- 
cation or deletion of each unit (a,)= 1072; rate of inter-genome 
exchange (8) = 1; and N = 10°. The product, Na, is chosen to be 
reasonably realistic. Distributions are for the intervals of 2 units 
with terminal classes of 0 units and > 56 units. The distributions for 
t=5N, 10N, 25N and 50N generations are given. They are the 
result of 1,000 independent trials. 
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Table 1 Processes responsible for the evolution of selfish DNA and the parameters used 





Processes 


Replication process 
a, = rate per cluster per generation 


a = mean fraction of duplicated or deleted 
units at an unequal crossing-over in one 


cluster of repeated sequence 


Inter-genome exchange process 


Tandemly repeated sequences (x) 


Inter-chromosomal recombination at meiosis 
B,= rate of recombination in one generation 
which takes place in this sequence when the 


Dispersed repeated sequences (y) 


Unequal crossing-over by sister-chromatid exchange Integration mechanism 


a, = rate in one generation at which each 
unit is either duplicated or deleted 
independently 


Random distribution to the daughter cells at meiosis 
B = rate per generation at which the 
dispersed units are distributed 


pairing of two chromosomes is equal 
Bı = the above rate when the pairing of two 


chromosomes is skewed 


Random genetic drift N = effective population size 


N = effective population size 





repeating sequence. In practice, £p may be obtained by choos- 
ing a random number rnd (uniformly distributed between 0 and 
1) such that 


Ep = V3V a, (2nd ~ 1) (3) 


(See ref. 6.) 

The distribution of y (the mean number of units of the 
dispersed family) is similarly studied by using y’= y +&pe- €psv 
now follows a uniform distribution with mean 0 and variance 
that equals the variance of the change of y after the occurrence 
of the three processes of Table 1. The variance takes the 
following form from equations (3), (8), (13) and (14) of ref. 5: 


Nap (a 2-8 


vanie aN pas) O 


From equations (2) and (4), it is possible to approximate the 
variance of x or y at any time, that is, the variance of the number 
of units among the isolated populations. They may be expressed 
as 


y 


Vaa = Varot (5) 
and 
Vy: = V syot (6) 


where ¢ denotes the tth generation after splitting of the popu- 
lations, and Va and Va, are obtained by replacing x of 
equation (2) with xo, and y of equation (4) with y, respectively, 
where x, and yo are the numbers of units of clustered and 
dispersed classes at f= 0. As $ (in equation (4)) is likely to be 
unity in sexually reproducing species (because the rate at which 
the dispersed family is divided into the daughter cells at meiosis 
is unity), the product Ne, is the most crucial factor in determin- 
ing the distribution of dispersed families. 

Figure 1A,B shows the results of simulation. The values of the 
parameters used are not known exactly in real cases and are 
tentative suggestions. Note that several dispersed families are 
known in which the number of units per genome is of the order 





Table 2 Comparison of the observed and expected variances of the 
average number of units per genome among the isolated populations 


Time in Tandemly repeated Dispersed repeated 
generations Observed Expected Observed Expected 
(XN) variance variance variance variance 
5 768 798 32.9 ` 34.2 
10 1,717 1,595 69.4 68.3 
15 2,480 2,393 97.9 102.5 
20 3,816 3,190 137.5 136.7 
25 4,672 3,988 166.3 170.8 
30 6,003 4,785 200.9 205.0 
35 7,112 5,583 237.9 239.1 
40 8,568 6,381 274.8 273.3 
45 8,852 7,178 300.3 307.5 
50 9,484 7,976 320.8 341.6 





of 10 (refs 7-10) and that the parameters a, and N are chosen 
such that the product, Na,, is a realistic value (= 1). For the 
clustered families, reasonable values are also chosen", except 
for N, which is too small but makes the simulation easier because 
of more rapid differentiation. The figure shows, starting from the 
initial number of units, how the distribution of x or y changes 
with time. For example, after 10N generations, the value of x 
ranges from 30 to 290 with the peak at about x, = 100, and y, 
from 3 to 53, with the peak at y,=20. As t increases, the 
distribution becomes more and more dispersed in both classes. 
Nevertheless, the overall mean of 1,000 replicated lines stays 
constant; at the SON th generation, ¥ = 98.1 and ¥ = 19.9. Such 
an outcome would be characteristic of random processes of this 
kind. Note that, at this generation, ~8% of 1,000 lines have lost 
the dispersed repeating sequence, and about the same propor- 
tion contained less than 20 copies of the clustered class. Such a 
proportion would increase with time even if the overall mean 
remained unchanged. 

The variances of x and y have also been calculated and 
compared with the theoretical predictions from equations (5) 
and (6), as shown in Table 2. The agreement between the 
theoretical and simulated results is generally satisfactory; 
however, for the clustered families, equation (5) underestimates 
the true value when t gets large. This is because the number of 
units duplicating or being deleted is assumed to be proportional 
to the number of units, and therefore the variance of the change 
of x is proportional to x”, the expectation of which becomes 
larger than x$ as t gets large. 

It has been shown that whereas some species have the same a 
satellite DNA‘, other closely related species have lost the 
sequence’®'”. It has thus been argued that this sequence may be 
important in speciation’. However, as can be seen from the 
present results, spreading and loss of repeated sequences occur 
randomly and it is extremely difficult to draw any conclusion 
from such an observation. Data on species comparisons of 
dispersed repeated sequences are also rapidly accumulating (see 
ref. 7 for review). Most examples seem to fit in with the 
framework of the present theory. 

I thank Dr M. Kimura for many useful suggestions on the 
manuscript. 
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Inhibition of actin polymerization 
in blood platelets by cytochalasins 
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It has been suggested that the polymerization of actin to form 
actin filaments is critical for many functions in non-muscle cells 
including phagocytosis, cell division, secretion and cell motil- 
ity’, In support of this suggestion, many of these functions are 
inhibited by cytochalasins’ which also inhibit the actin nuclei- 
induced polymerization of purified actin*’. Recent studies 
suggest that the cytochalasins (cytochalasins B, D and E) inhibit 
polymerization by binding to the growing end of actin filaments 
and blocking the further addition of monomeric actin mole- 
cules*’”. If the cytochalasins inhibit cellular contractile 
functions by a similar mechanism, they could be useful tools in 
determining whether actin polymerization is required for 
specific processes within cells. Blood platelets provide an 
excellent system for testing this as exposure of platelets to 
thrombin results in a rapid polymerization of actin'*', We have 
now studied the effects of the cytochalasins on thrombin- 
induced actin polymerization and report here the first clear 
evidence that cytochalasins inhibit actin polymerization in intact 
cells. 

The filamentous actin content of platelet samples was deter- 
mined in platelet lysates by the method of Blikstad et al.'? who 
showed that nonfilamentous actin inhibits DNase I activity while 
filamentous actin has little effect unless depolymerized by 
guanidine hydrochloride. Platelets were lysed by adding an 
equal volume of Triton extraction buffer (2% Triton X-100 
(v/v), 10 mM EDTA, 100 mM Tris-HCl, pH 7.4). This buffer, 
unlike that used elsewhere'®’*, did not depolymerize actin 
filaments, so that identical inhibitory values were obtained 
whether the assay was performed 30 s or 2 h after lysis (J.E.B.F., 
M. E. Dockter & D.R.P., in preparation). 

In Triton lysates from unstimulated platelets, the DNase I 
inhibitory activity in the absence of guanidine hydrochloride was 
~ 50% of that in its presence. When platelets were activated 
with thrombin before the addition of Triton X-100, the amount 
of guanidine hydrochloride-dependent DNase I inhibitory 
activity increased to ~ 70% of the total. This stimulus-induced 
transformation was rapid and was almost complete within 15 s 
(Fig. 1). We conclude that ~50% of the total actin was in a 
filamentous form in unstimulated platelets and that this 
increased to ~ 70% on thrombin activation. In support of this 
conclusion, we found that only the guanidine hydrochloride- 
dependent inhibitory activity was sedimented by centrifugation 
of lysates at 100,000g for 3h. Furthermore, sedimented 
material contained structures morphologically similar to actin 
filaments’*. Finally, quantitation of actin in sediments and 
supernatants by densitometry of Coomassie blue-stained gels 
after SDS-polyacrylamide gel electrophoresis gave actin 
contents that were within 5% of those obtained by the DNase I 
inhibition assay. Thus, the amount of inhibition of DNase I 
activity in Triton lysates correlates directly with the amount of 
nonfilamentous actin (an assumption used throughout this 
study), and the amount of filamentous actin within platelets 
rapidly increases after exposure to thrombin. 

Figure 1 shows that 10°° M cytochalasin E added 100 min 
before thrombin inhibited the thrombin-induced increase in 
actin filament content. Cytochalasins D and B had similar 
effects. None of these cytochalasins had any effect when added 


simultaneously with the Triton extraction buffer. As shown in 
Table 1, the inhibitory effect was rapid, as the same extent of 
inhibition was observed whether cytochalasin D was present for 
100 min or for only 1 min before the addition of thrombin. 
Cytochalasin D did not affect the filament content in unstimu- 
lated platelets (Table 1). These data show that the decreased 
filament content in thrombin-treated platelets is due to an 
inhibition of thrombin-induced actin polymerization and not to 
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Fig. 1 Inhibition of thrombin-induced actin polymerization in 
human platelets by cytochalasin E. Human platelets from freshly 
drawn blood were washed as previously described?" and suspended 
to a concentration of 2 10® per ml in 138 mM sodium chloride, 
2.9 mM potassium chloride, 12 mM sodium bicarbonate, 0.36 mM 
sodium phosphate, 5.5 mM glucose and 1 mM EDTA, pH 7.4. The 
platelet suspension was incubated with 0.2% (v/v) DMSO 
(dimethyl sulphoxide) (©) or 10°° M cytochalasin E in 0.2% 
DMSO (@) at 37°C. After 100 min, thrombin was added (final 
concentration 0.1 NIH U ml”') and at intervals varying from 0 to 
300 s, platelets were lysed by addition of an equal volume of Triton 
extraction buffer and a 10-1 aliquot removed for determination 
of the amount of unpolymerized actin by the DNase inhibition 
assay. The total actin content in lysates was measured after 
depolymerization of filamentous actin by addition of an equal 
volume of buffer containing 1.5 M guanidine-HCl, 1.0 M sodium 
acetate, 1.0 mM sodium ATP, 20 mM Tris-HCl and 6 mM calcium 
chloride, pH 8.6 (to yield a final pH of 7.4, determined experi- 
mentally). Kinetic analyses were initiated within 30-60 s after 
platelet lysis. The absorbance was continually monitored by a 
dual-beam spectrophotometer directly linked to a Hewlett 
Packard 9845S computer. The linear portion of the sigmoidal 
curve was determined by regression analysis and runs were dis- 
carded if the correlation coefficient was less that 0.999. Duplicate 
determinations of the DNase I inhibitory activity from an indivi- 
dual platelet sample usually agreed within 5%. The actin filament 
content (F-actin) is expressed as a percentage of the total actin, 


a decreased filament content of unstimulated platelets. Similar 
increases in actin polymerization were observed when platelets 
were stimulated for 30 s with 0.4 uM ionophore A23187 or for 
60s with 204M ADP. Cytochalasin D also inhibited these 
stimuli-induced increases. 

Although the cytochalasins may affect many metabolic pro- 
cesses within cells, two sites of action that could potentially 
affect actin polymerization have been described: one site is on 
the actin filaments*’; the other is on the membrane-bound 
glucose transport system'*:'*, However these sites have differing 
affinities for the cytochalasins. The site on actin filaments has 
been measured using both purified actin*** and actin-contain- 
ing membrane complexes*"'*. In both cases, cytochalasins D and 
E bound with higher affinity that cytochalasin B with the binding 
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affinity corresponding to the inhibition of actin nuclei-induced 
polymerization. In contrast, the site of the membrane-bound 
glucose transport system has a higher affinity for cytochalasin B 
than for cytochalasin D or E which, unlike cytochalasin B, do not 
inhibit glucose transport into cells'*""*. 
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Fig.2 Comparison of the effects of cytochalasins D(a), E(b) and 
B(c) on thrombin-induced actin polymerization in human plate- 
lets. Platelet suspension (2 x 10° per ml") was incubated at 37 °C 
with 0.5% ethanol (v/v) or with varying concentrations of the 
different cytochalasins in 0.5% ethanol. After 88 min, buffer or 
thrombin (final concentration 0.1 NIH U ml” 1) was added and 30s 
later the platelets were lysed by addition of Triton extraction 
buffer. The actin filament content of lysates was determined as 
described in Fig. 1 legend and the thrombin-induced increase in 
actin filaments expressed as a percentage of the increase obtained 
when thrombin was added to platelets that had not been exposed to 
cytochalasin. Values shown are the mean + s.e.m: from four 
donors. 


Figure 2 compares the effects of the three cytochalasins 
on thrombin-induced actin polymerization. At 5x 10° M, 
cytochalasins D and E decreased the thrombin-induced actin 
polymerization by ~ 85% and 100%, respectively, while cyto- 
chalasin B inhibited polymerization by only ~ 60%. Within the 
limits of experimental error, the concentrations of cytochalasins 
D and E required to produce half-maximal inhibition of poly- 
merization were indistinguishable (~ 2x 10°’ M) and were 
lower than the concentration of cytochalasin B required for a 
similar inhibition (~ 1076 M). These concentrations are similar 
to those that bind to actin filaments and inhibit actin poly- 
merization in purified systems*””. The relative order of potency 
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Table1 Effect of time of preincubation of platelets with cytochalasin D 


on the actin filament content of unstimulated and thrombin-activated- 
platelets 





Filamentous actin (% of total) 











Addition 
during Stimulatory Time of preincubation (min) 
preincubation agent 1 5 20 70 190 
Ethanol None 52.1 S516 48.1 48.2 50.5 
Thrombin 69.5 65.2 60.6 66.2 67.3 
Cytochalasin D None 49.7 49.1 47.2 48.1 501 


in ethanol 
Thrombin 544 $6.1 31.6 55.4 563 





Platelet suspensions were incubated with 0.5% ethanol (v/v) or with 
2.5 x 107° M cytochalasin D in 0.5% ethanol at 37 °C. At intervals from 
1 to 100 min, buffer or thrombin was added and after 30s, platelets were 
lysed with Triton extraction buffer and the actin filament content 
measured as described in Fig. 1 legend. Values given are the actin 
filament content as a percentage of the total platelet actin. 


agrees with the notion that the cytochalasins inhibit actin poly- 
merization by binding to preformed actin filaments and is 
inconsistent with a mechanism involving inhibition of glucose 
transport. In support of this view, the inhibitory effect of cyto- 
chalasin was rapid (Table 1), a result not expected if the drug 
inhibited glucose transport sites alone. In addition, concen- 
trations of cytochalasin that completely inhibited thrombin- 
induced actin polymerization had no effect on the thrombin- 
induced phosphorylation of two platelet polypeptides'® or on 
the thrombin-induced association of myosin with platelet 
cytoskeletons’’. 

It has been proposed that actin filaments ‘treadmill’ where 
one end is a net polymerizing end and the other a net depoly- 
merizing end”’?*, Experiments showing that the cytochalasins 
decrease the lengths of preformed actin filaments, unless the net 
depolymerizing ends are blocked, have been interpreted as 
evidence for such a mechanism*. If the cytochalasins inhibit 
thrombin-induced actin polymerization by binding to actin 
filaments, they must have access to the filaments before stimu- 
lation. Although the permeability of platelet plasma membranes 
to the cytochalasins has not been verified experimentally, we 
predict from their structure that they would readily cross plasma 
membranes. However, our results show that the cytochalasins 
had no measurable effect on the filament content when 
incubated for up to 100 min with unstimulated platelets (Table 
1). This suggests that if ‘treadmilling’ occurs in unstimulated 
platelets, it occurs too slowly to be detected in the times used 
here, possibly because the depolymerizing ends are blocked. 

Recently, Morris and Tannenbaum” reported that cyto- 
chalasin D did not decrease the filament content of HEp-2 cells. 
These authors conclude that as cytochalasin D inhibits motile 
functions without decreasing filament content, the inhibitory 
effect is not due to a limitation of the availability of filaments. 
However, it is becoming increasingly clear that actin poly- 
merization can occur on cellular stimulation’®’'*???, Such 
responses need not result in a net measurable increase in 
filament content as occurs within platelets, but may involve 
small increases in filament content within specialized areas of 
cells. Our observations that the cytochalasins inhibit actin 
polymerization in platelets suggest that cytochalasins may 
inhibit cellular processes? by preventing the increased formation 
of actin filaments required for these processes. Experiments are 
now being done to determine whether the concentrations of 
cytochalasins that inhibit actin polymerization in platelets cause 
corresponding inhibition of platelet responses (shape change, 
aggregation, release of granule contents or clot retraction), and 
it is anticipated that similar studies will help to determine the 
role of stimuli-induced actin polymerization in other non- 
muscle cells. 
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Escherichia coli selectively degrades polypeptides with highly 
abnormal conformations“, Normal cell proteins are degraded 
more slowly, but this process increases when the bacteria lack 
required nutrients”, The pathways by which aberrant or 
normal proteins are hydrolysed are not known’'**, but these 
processes require metabolic energy’**”. Recently, cell-free 
proteolytic systems have been obtained from E. coli* and 
mammalian cells*’*""* that are stimulated by ATP. To clarify 
the pathway of intracellular protein degradation and to deter- 
mine whether ATP might directly influence specific proteolytic 
enzymes, we have now undertaken to define the various pro- 
teases in E. coli. Our studies demonstrate the existence of eight 
distinct soluble proteolytic activities in E. coli extracts. Seven 
seem to be new enzymes. Six are serine proteases that hydrolyse 
C-globin and °H-casein, while two others are metalloenzymes 
that degrade '*]-insulin but not these larger polypeptides. One 
of the globin-degrading enzymes is stimulated markedly by ATP 
and thus may be the rate-limiting enzyme for protein breakdown 
in vivo. 

Although several reports have concerned the isolation of 
proteases from E. coli, this field is in a confusing state. The 
so-called ‘protease I’ and ‘protease II’, which cleave chromo- 
genic substrates for chymotrypsin and trypsin respectively’, 
show little or no hydrolytic activity against proteins’*’? 
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Furthermore, mutants lacking them have a normal capacity to 
degrade cell proteins'?*?, Another ‘protease’ has been 
purified” using a chromogenic substrate of subtilisin, but its 
ability to hydrolyse proteins has not been established. In addi- 
tion, an aminopeptidase (pepN) has been purified, which has 
been claimed to have some endoprotease activity”. An activity 
that can degrade casein, named ‘proteaseA’, has been partially 
purified™ but it is probably not a single enzyme (see below). 
Cheng and Zipser™® have purified an enzyme, protease III, that 
hydrolyses the amino-terminal fragments of B-galactosidase 
(‘auto-@’), but it is not essential for protein degradation in 
vivo”. Finally, these bacteria contain various peptidases that 
are essential for growth on peptides and hydrolyse small 
peptides generated during intracellular protein breakdown?®??, 

We therefore undertook a systematic search for protease 
activities in E. coli. For substrates, we used '“C-methyl- 
apohaemoglobin, *H-methyl-a-casein and '**I-insulin. Because 
insulin is a small polypeptide, it may be degraded by enzymes 
involved only in the later steps in the complete degradation of 
cell proteins™™, Extracts of E. coli K-12 hydrolysed all three 
substrates, but only degradation of globin was significantly 
stimulated by ATP. The degree of stimulation by ATP (60%) in 
these extracts, which were prepared with the French press from 
frozen cells, is smaller than the two- to threefold effects reported 
previously with fresh cells lysed by gentler methods", 

To isolate the proteolytic activities responsible, we frac- 
tionated these extracts on DEAE-cellulose and eluted the 
adsorbed proteins with a NaCl gradient (Fig. 1), Five different 
peaks with proteolytic activity were found (designated I-V, 
according to their order of elution). These same peaks, and no 
additional ones, were found in several other E. coli K-12 strains 
that had been freshly grown and collected at either late log or 
stationary phase. Of special interest was the finding that one of 
the peaks that degraded globin and casein (IV) was stimulated 
dramatically by ATP, and this is presumably the activity 
responsible for the stimulation of globin and casein hydrolysis by 
ATP in the crude extracts’. 

Peak I shows strong hydrolytic activity against globin and 
casein, but very slight activity against insulin. Peak I was further 
characterized by chromatography on CM-cellulose (Fig. 2) and 
by gel filtration on Sepharose 6B (data not shown). Both tech- 
niques resolved two distinct activities, both of which hydrolyse 
globin and casein. Peak IA shows on gel filtration an unusually 
large molecular weight (~500,000), whereas IB has a molecular 
weight of ~82,000. Both IA and IB are sensitive to diisopropyl 
fluorophosphate (DFP), and thus are serine proteases. 

Peak II hydrolyses insulin, globin and casein. Isoelectric 
focusing (Fig. 3) and CM-cellulose chromatography at pH 5.2 
(data not shown) can both resolve this fraction into three 
proteolytic peaks, one active against insulin and the other two 
against globin and casein. Both globin-degrading activities, IIB 
and IIC, seem to be serine proteases, but they differ in their 
relative sensitivities to DFP as well as in their heat stabilities”. 
The insulin-degrading enzyme (IIA) resembles in many respects 
protease III purified by Cheng and Zipser’®. Like protease III, 
peak ITA rapidly hydrolyses amino-terminal ffagments of 8- 
galactosidase (auto-«) and is sensitive to metal-chelating agents 
(EDTA and o-phenanthroline). Furthermore, a mutant lacking 
protease IH (pir), isolated by Cheng et al.”’, specifically lacked 
the insulin-degrading activity in peak II. These findings 
(K.HLS.S., C. H. Cheng and A.L.G., unpublished results) 
indicate that the insulin-degrading activity is identical to pro- 
tease IL 

Peak III hydrolyses globin (Fig. 1) and casein but not insulin. 
Because it is sensitive to DFP, the enzyme also seems to be a 
serine protease. 

Peak IV was the one ATP-stimulated activity. The stimula- 
tion of globin or casein degradation by ATP ranged from 4- to 
10-fold in the various fractions and required Mg?” ions. The low 
amount of globin hydrolysis evident in the absence of ATP 
decreased further on use of a narrower salt gradient or DEAE- 
Sepharose, which resulted in an enzyme that seemed to be 
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completely dependent on ATP. This enzyme showed no activity 
against insulin, which explains the finding that insulin hydrolysis 
was not stimulated by ATP in crude extracts. The ATP-stimu- 
lated activity shows the DFP-sensitivity characteristic of a serine 
protease. 

Peak V contained insulin-degrading activity that was sensitive 
to o-phenanthroline but not to DFP. This peak did not digest 
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Fig. 1 DEAE-cellulose chromatography of proteolytic enzymes from Æ. 
coli K-12. In a, fractions were assayed for proteolytic activity against 
14C-globin in the absence (@——@) or presence (@---@) of 3 mM ATP. In 
b, proteolytic activity against '**I-insulin (©——--©) was assayed. Also shown 
in a is the conductivity (A——A) and in b, the Aggy (©: O). In all peaks 
except peak IV, the hydrolysis of “*C-globin and '**]-insulin was not 
stimulated by ATP (for clarity, these data were not shown). The globin- 
degrading peaks also hydrolysed *H-casein (data not shown). Cell-free 
extracts were prepared from 50g of frozen E. coli K-12 cells (Grain 
Processing Co.). After thawing at 4 °C, the cells were suspended in 100 ml of 
50 mM Tris-HCl, pH 7.8, 10 mM MgCl, and 200 mM KCI, and disrupted in 
a French press at 14,000 p.s.i. The homogenate was centrifuged at 30,000g 
for 30 min, and the supernatant centrifuged again at 130,000 for 3 h. The 
supernatant was dialysed overnight against 10mM Tris-HCl, pH 7.8, 
containing 5 mM MgCl,. The dialysed extract was adsorbed to a DEAE- 
cellulose column (2.5 x 27 cm) equilibrated with 10 mM Tris-HCI, pH 7.8, 
containing 5 mM MgCl,. The column was washed with the same buffer until 
the Aggy of the eluate was <0.05. The adsorbed proteins were then eluted 
with 1,600 ml of a linear NaCl gradient (0-0.25 M NaCl). The flow rate was 
100 mih”! and 12-ml fractions were collected. Proteolytic activity was 
estimated by following the degradation of '*C-globin (2-4 x 10° c.p.m. per 
mg), *H-casein (1 x 107 c.p.m. per mg) or '**I-insulin (125-140 mCi per mg, 
Cambridge Nuclear and Radiopharmaceutical Corporation) to products 
soluble in 10% trichloroacetic acid. *C-globin was prepared by methylating 
crystalline beef haemoglobin (Sigma) with '“C-formaldehyde (40- 
60 mCi mmol’, NEN) and bovine a-casein with *H-formaldehyde (40- 
60 mCi mmol™!) as described previously“*. To increase its proteolytic 
susceptibility, haem was extracted from the haemoglobin using methyl- 
ethylketone*®. All the assays were carried out in 50 mM Tris-HCI, pH 7.8, 
10 mM MgCl, in the presence or absence of 3 mM ATP. When assayed with 
globin or casein as a substrate, the incubation mixture contained 100-200 ul 
of enzyme preparation and 4-5 ug of '*C-globin or 25 ug of *H-casein in a 
final volume of 0.5 ml. Assays using insulin as a substrate contained 12.5 ug 
insulin (Lilly), a trace amount of '**I-insulin (12~15,000 c.p.m.) and the 
enzyme preparation in a final volume of 0.5 ml. The incubations were 
performed for 2 h at 30°C when globin or casein was the substrate, and for 
1 hat 37 °C when insulin was the substrate. After incubation, 40 ul of bovine 
serum albumin (30 mg mi‘) was added as a carrier and 60 wl of 100% 
trichloroacetic acid to precipitate the proteins. The assay tubes were kept on 
ice for 30 min, and after centrifugation, 0.4 ml of acid-soluble products from 
'4C.globin or *H-casein hydrolysis were counted in 4ml of Liquiscint 
(National Diagnostics). The products of '**I-insulin hydrolysis are counted 
in an autogamma spectrometer. The protein was determined by the method 
of Lowry et al”? using crystalline bovine serum albumin as standard. 








casein or globin. No additional proteolytic activity could be 
eluted with higher concentrations of NaCl. 

These studies and related ones demonstrate the existence of 
eight soluble proteolytic activities in E. coli, all of which have 
now been purified to near homogeneity. The complete 
purification and characterization of these enzymes will be 
reported elsewhere (refs 31-33 and K.H.S.S., C. H. Chung and 
A.L.G., manuscripts in preparation). Of these, the six globin- 
degrading enzymes seem to be serine proteases. By coutrast, the 
enzymes that degrade insulin (IIA ard V) and similarly sized 
polypeptides are metalloproteases (Table 1). All these activities 
represent new enzymes’ except fer the insulin-degrading 
enzyme (IIA), which seems to be identical to protease TH. All 
these activities are also found in mutant strains lacking proteases 
Land II and aminopeptidase N. These enzymes are also distinct 
from the recA gene product, which catalyses the ATP-depen- 
dent proteolytic cleavage of the A repressor during prophage 
induction***", but does not hydrolyse casein or globin to acid- 
soluble material (data not shown). Regnier and Thang’ parti- 
ally purified a casein-hydrolysing activity, named protease A, 
which was eluted from DEAE-cellulose at the same ionic 
strength as peak II. This peak contains three enzymes that differ 
in their isoelectric points, sensitivities to inhibitors and substrate 
specificities (Fig. 3). Thus, protease A is a mixture of proteases, 
rather than a single enzyme. 

The marked stimulation (4~40-fold) of peak IV protease by 
ATP can account for the energy requirement for protein break- 
down in vivo™®’. In crude extracts, a much smaller stimula- 
tion of proteolysis by ATP (60~-200% ) was observed'’, probably 
because of the five additional globin-cegrading enzymes active 
in the absence of ATP. Previous studies”? indicate that the 
initial endoproteolytic steps in protein breakdown require ATP, 
and it is therefore likely that these steps are catalysed by the 
ATP-stimulated protease in peak IV. Recently, this enzyme has 
been shown to be the product of the /on gene (also called CapR = 
and deg)**37*"", and lon mutants have a reduced capacity 
to degrade abnormal proteins *°*”. 

When cells are disrupted by gentler methods than those used 
here, a large amount of ATP-stimulated proteolytic activity is 
associated with the cell membrane”. It is not clear whether the 
ATP-stimulated activities in the soluble and membrane frac- 
tions are different enzymes or whether the soluble activity is 
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Fig.2 CM-cellulose chromatography of proteases in peak I Hydrolysis of 
3H-casein (O——O), Ags, (© >>> @) and condactivity {d-dh} are shown. 
The pooled fractions from peak Lof the DEAE-cellulose column Fig. 1) were 
concentrated and dialysed against 10 mM sodium acetate buffer, pH 4.4. 
After removing the precipitated material by centrifugation, the proteins 
were loaded onto a CM-cellulose column (1.5 x 12 om), equilibrated with 
10 mM sodium acetate buffer, pH 5.6. The adsorbed proteins were eluted 
with 400 ml of 0-0.3 M linear NaC! gradient. The flow rate was 35 mih” 
and 4-ml fractions were callected, 
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Table 1 Proteolytic activities from Escherichia coli 





Stimulation Suggested 

Peaks by ATP Inhibitors nomenclature 
Globin and casein-degrading enzymes 

TA =< DFP Do 

IB = DFP Re 

HB _ DFP Mi 

ic ~ DFP Fa 

m _ DFP So 

Iv + DFP La 
Insulin-degrading enzymes 

A -l EDTA, o-phenanthroline Pi (periplasmic) 

v one o-Phenanthroline Ci (cytoplasmic) 





released from a membrane-associated form during cell break- 
age. Some of the other soluble enzymes described here may also 
be derived from the inner or outer membranes during cell 
disruption. 

A major task for future research will be to clarify which of 
these enzymes are involved in the degradation of abnormal 
proteins and in the breakdown of normal cell constituents in 
starving cells. These proteases may also have critical roles in 
other physiological processes, such as the processing of 
secretory or membrane proteins**“', utilization of exogenous 
peptides”, phage morphogenesis***?, breakdown of 
colicins*** and inactivation of regulatory proteins***?*. One 
important clue to the physiological roles of these enzymes is 
their subcellular distributions. Elsewhere we shall demonstrate 
that one of the insulin-hydrolysing activities is found in the 
periplasm (IIA) and one in the cytoplasm (V), One globin- 
degrading activity (IIB) is localized in the periplasm, one (IB) 
seems to be distributed equally between periplasm and cyto- 
plasm, and the others (IA, HC, II, IV) are cytoplasmic. 
Presumably, these latter enzymes are involved in the catabolism 
of intracellular proteins. 
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Fig. 3 Isoelectric focusing of peak II. The peak II fractions from DEAE- 
cellulose column (see Fig. 1) were combined and concentrated by precipitat- 
ing the proteins by adding solid ammonium sulphate to 95% saturation. 
After centrifugation at 31,000g for 30 min, the pellet was dissolved, dialysed 
against 1% glycine overnight and applied to the isoelectric focusing column. 
Isoelectric focusing was performed using a LKB 110-ml column in a sucrose 
gradient with 1% solution of Ampholine in the pH range 5-8. Electrofocus- 
ing was conducted for 22h at 4°C with a constant voltage of 1,600 V. 
Fractions (2 ml) were collected from the bottom. The pH of the fractions was 
measured at 4°C (~-~~) and 0.2-ml aliquots were assayed for activity 
against ‘**]-insulin (@——@) and ‘*C-globin (O--—-O). The peaks of IIA, 
TIB and HC have isoelectric points (pl) of 5.75, 6.75 and 7.36, respectively. 


The discovery of seven new enzymes necessitates the choice of 
a useful nomenclature. Unfortunately, the lack of precise 
information about their physiological functions or chemical 
specificities precludes informative designations. Therefore, we 
have decided to introduce a novel nomenclature for these 
enzymes. As the two metalloenzymes that degrade insulin have 
distinct compartmentalizations in the cell*’, we suggest the 
name Pi for the periplasmic insulin-degrading enzymes (IIA) 
and Ci for the cytoplasmic insulin-degrading enzyme (V) (Table 
1). Such a scheme, based on subcellular distribution, is not useful 
for the enzymes that degrade globin and casein. We would like 
to introduce an easily remembered nomenclature for these six 
enzymes: proteases Do, Re, Mi, Fa, So and La in their order of 
elution from DEAE-cellulose and CM-cellulose or isoelectric 
focusing (Table 1). This nomenclature also permits an easily 
remembered designation for their genetic loci. When more is 
known about the properties or roles of these enzymes, a more 
descriptive nomenclature will be possible. 
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Klebsiella pneumoniae nitrogenase is a complex enzyme 
consisting of two component proteins, the tetrameric MoFe 
protein (Kp1) and the dimeric Fe protein (Kp2)'. Together 
these catalyse the ATP-dependent reduction of N, and of 
several triple-bonded substrates such as C1H2, CN”, N3 and 
CH,NC (refs 2, 3). In the absence of substrate, protons are 
reduced to H, and all substrates compete with protons for 
reduction. Carbon monoxide inhibits all reductions except H, 
evolution’. Seventeen genes are required for the synthesis of 
nitrogenase and expression of its activity in K. pneumoniae mae 
some of which are believed to be involved in processing of the 
nitrogenase proteins during synthesis”’°. Here we describe 
studies of the nitrogenase of bacteria mutated at one of these 
genes—nifV. These mutants produce nitrogenase which does 
not reduce N, in vivo, although it does in vitro in conditions of 
high electron flux. We show that the defect is in the Kp1 
component, and suggest that the nifV gene product modifies the 
Kp1 component so that N, reduction will occur at the lower 
electron fiuxes present in vivo, and that this might have been 
involved in the possible evolutionary development of the nitro- 
genase from a cyanide-detoxifying enzyme. 

nifV mutants were originally isolated by their inability to 
grow anaerobically (anaerobic conditions are required because 
oxygen represses nitrogenase production) on nitrogen-free 
medium, but all nifV mutants were shown to give a leaky 
phenotype when assayed for C,H, reduction**, a test normally 
accepted as indicative of N2-reducing ability. Indeed, some 
nifV ::Tn7 mutants gave 50-100% of wild-type C,H,-reducing 
levels even though such mutations should completely inactivate 
the nifV gene product in most cases‘. 

To test the true nitrogen-fixing ability of nifV strains, dere- 
pressed cultures were incubated under an atmosphere of N, 
and after 11 h cell pellets were collected for ‘SN analysis (Table 
1). The two nifV::Tn7 mutants gave no significant incorpora- 
tion of '*N into cell material whereas these mutants significantly 
reduced C,H, indicating that derepression had occurred (Table 
1). Failure to incorporate '"N. was not due to defective assi- 
milation of fixed nitrogen''’’, because both mutants utilized 
histidine, arginine, tryptophan and nitrate as sole nitrogen 
sources aerobically and nitrate and arginine anaerobically. If Nz 
cannot act as a substrate for the enzyme the presence of N might 
not affect C,H, reduction. Figure 1 shows the effect of N3 on in 
vive C,H reduction by whole cells of a nif V mutant (UNF1613) 
and a wild-type control (UNF3001). C,H, reduction by wild- 
type cells was noticeably inhibited by 0.1 atm and 1 atm N3 
whereas C,H, reduction by the mutant was not. UNF3001 and 
UNF1613 had a Km for C,H, of 4.2 and 4.6 atm, respectively. 
We conclude that nifV insertion mutants are unable to reduce 
N, in vivo. . 

This inability of nifV mutants to reduce N, could be due to an 
excess of Kp1 over Kp2, resulting in a situation favouring C,H. 
reduction ™ t, Crude extracts of nifV and wild-type strains were 
thus tested for the relative levels of the two nitrogenase proteins 
by rocket immunoelectrophoresis using purified proteins as 
standards. These showed that UNF3001, UNF1610 and 
UNF1613 crude extracts had an in vive Kp2: Kp1 molar ratio of 
6.6, 5.2 and 4.7, respectively. These results are not significantly 
different and confirm the conclusion** that there is an effective 
excess of Kp2 in vivo. However, this assumes that all cross- 
reacting material is catalytically active. Unfortunately, direct 
activity measurements on the individual nitrogenase proteins in 
crude extracts is complicated by their interdependence for 
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Fig. 1 Time course for in vivo CH: reduction by wild-type 
(UNF3001) (a) and nifV mutant (UNF1613) (b) cells at 0.0074 
atm C,H). Cultures were grown in NFDYM + arginine (1 g Vr} for 
20h at 30°C with constant N; bubbling. They were collected by 
centrifugation under argon and resuspended in cold argon-bubbled 
NFDM + chloramphenicol (0.1 g1 “H and kept on ice under argon. 
Samples (5 ml) were taken by syringe into 30-ml flasks flushed with 
either argon or N2 and incubated for 10min at 30°C before 
addition of 0.25 ml C,H; to start the reaction. Headspace samples 
(0.5 ml) were taken at intervals and analysed by gas chromato- 
graphy. Assays under 0.1 atm N, were set up by adding 3.0 ml Nz 
to the 29-ml headspace. ©, 1 atm Ar; 4G, 0.1 atm Nz in Ar (wild 
type only); ©, 1 atm No. 


substrate reduction. An indirect estimate of the extent to which 
Kp] is saturated with Kp2 in crude extracts can be measured by 
observing the increase in C,H>-reducing activity on addition of 
excess purified Kp2. Figure 2a shows the effect of adding a 
>10-fold molar excess of purified Kp2 protein to crude extracts 
of a wild-type and nifV strain. Kp2 addition stimulated C,H,- 
reducing activity to approximately the same extent in both crude 
extracts. Thus, an unfavourable Kp2:Kp1 ratio is unlikely to 
account for the inability of nifV cells to fix N; in vivo. 

Figure 2b shows hydrogen evolution by crude extracts under 
various atmospheres and the effect of added Kp2. Control assays 
omitting either ATP or dithionite showed that <10% of H; 
evolved in assays with added Kp2 was attributable to other 
hydrogenase activity. Nitrogen failed to compete with protons in 
assays with mutant extracts even with the addition of a sevenfold 
molar excess of Kp2 (maximum 6% inhibition of H, evolution) 
whereas significant competition (63% inhibition) was seen in 
assays of the wild-type extract even without added Kp2. Thus, 
the nifV crude extract is apparently defective in reducing N2 aga 
substrate, although it reduced CN” and CH,NC (data not 
shown). CO alone or CO plus C-H; did aot significantly affect Hz 
evolution in the wild-type extract (Fig. 24). (The combination of 
CO plus C,H: inhibits reversible hydrogenase without affecting 
H; evolution by nitrogenase’®.) However, hydrogen evolution 
by nifV crude extracts was inhibited 50% in the presence of 3% 





Table 1 Incorporation of PN, by cultures of K. pneumoniae nifV 
mutants 





Specific 
activity of 
CoH, reduction Atom % N 


Strain Genotype (% of wild-type) enrichment 
UNF2036 nifA <] <04 
UNF3001 nif” (wild-type) 100 21 
UNF1610 nif V2249:: Ta? 61 0.7 
UNF1613 nifV2253::Tn7 81 0.3 


Strains were grown under a stream of N, for 8 h at 30°C in nitrogen- 
free Davis and Mingcoli medium (NFDM)° arginine (1 g1”') to permit 
derepression. Cells were collected by centrifugation, resuspended in 
fresh Argon-bubbled NFDM + arginine (1 gl H and shaken for li hat 
30°C under 63% N (70% enriched for Na) inargon. Cell pellets were 
collected by centrifugation and digested for By analysis by mass spec- 
troscopy. C,H, reduction was measured before incubation under SN 
as in Fig. 1 except that 2.0 ml of culture was used. 
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Table 2 Effect of varying the molar ratio of purified Kp2 and nif V Kp1-on substrate reduction 





Specific activity of substrate reduction 


Kp2:Kp1 (nmol per min per mg Kp1) % Inhibition Electron flow under N, 

molar H, under H, under NH7 C,H, of H, Electron flow under Ar 
Source of Kp1 ratio argon N, production reduction evolution by N, x100 
UNF1613 nifV::Tn7 1:1 182 155 17.8 152 15 100 
UNF1613 nif V::Tn7 2::1 399 340 73.5 320 15 113 
UNF1613 nifV::Tn7 4::1 763 503 157 620 34 97 
UNF1613 nifV::Tn7 Teel 1,022 717 259 843 30 108 
UNF1613 nifV::Tn7 10:31 1,242 842 318 1,044 32 T 106 
UNF1613 nif V::Tn7 2S 1,532 938 370 1,262 39 97 
+AfSal wild type teal 249 94.4 113 247 62 102 
MSal wild type 10:21 1,527 471 725 1,127 69 102 


Assays were done with 0.22 pM MoFe protein either under 1 atm Ar, 0.13 atm C,H; in Ar or 1 atm N, at 30°C, and were linear with time. Ha, C,H, and NH} were 


determined as described previously”'. Specific activities in nmol C,H, reduced per min per mg protein in optimal conditions were nifV Kp1, 1,262; wild-type Kp1, 1,240; 
wild-type Kp2, 1,150. Component ratios were calculated assuming a maximum specific activity for C,H, reduction of 1,800 nmol per min per mg for both Kp1 and Kp2. 


CO or CO plus C,H,. Thus ATP- and reductant-dependent H, 
evolution by nifV nitrogenase is inhibited by carbon monoxide, 


_ in contrast to wild-type enzyme. 


The failure of added Kp2 to stimulate N, reduction might be 
due to inhibition by defective Kp2 in the mutant crude extract, a 
situation analogous to certain heterologous combinations of 
nitrogenase components from different organisms'”~°. Follow- 
ing purification of Kp1 and Kp2 from UNF1613 by conventional 
procedures'””'”, Kp2 from the nifV mutant showed wild-type 
properties with respect to N, reduction and CO insensitivity of 
H; evolution when complemented by wild-type Kp1 protein. 
The nifV Kpl showed CO inhibition of H, evolution when 
complemented with wild-type Kp2 (Fig. 2c). These mutants 
therefore have a defective MoFe protein. 

Table 2 shows the effect of the Kp2: nifV Kp1 molar ratio on 
substrate reduction. The rate of substrate reduction increased 
with increasing Kp2: Kp1 ratio. The rate of NH production by 
the mutant Kp1 increased with ratio but was less than half the 
wild-type rate at a 10:1 ratio. Even at a 25:1 ratio only 39% of 
the electron flow was utilized for NH production, compared 
with 62% for a 1: 1 ratio with wild-type Kp1. However, the rate 
of electron flow through both mutant and wild-type enzyme was 
the same under either argon or nitrogen (Table 2 and ref. 23). 
© Clearly, N reduction by nifV Kp1 only competes effectively 
_. with hydrogen evolution at non-physiological molar ratios of the 
two proteins, whereas C,H, reduction seems to be normal. The 
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WT nify wild-type nifV nifV Kpl 
Fig. 2 a, C2H reduction by UNF3001 (wild type, WT) and 
UNF1613 (nifV) crude extracts with (unshaded) and without 
{shaded) added Kp2; b, H, evolution by crude extracts under 
argon; Nz; Ar+3% CO; Ar+CO+14% C,H. 20-min assays 
were done as in ref. 21. Cells for crude extract preparation were 
grown for 17-18 hin 201 Ar-bubbled NFDM + NH, Cl (0.24 g F°). 
Sodium aspartate was added (50 mg!”') and the pH adjusted to 
7.2. After 5 h derepression, cells were collected by centrifugation 
anaerobically, resuspended in 30-45 ml 50 mM HEPES pH 8.7, 
0.65 mM dithiothreitol and 2 mM Naz2S204, crushed at 12,000 Pa 
in a French pressure cell and cleared by centrifugation at 38,000g 
for 45 min. The supernatant was frozen in liquid N, and stored at 
—196 °C. Assays?" contained 1.03 mg (UNF3001) and 1.54 mg 
(UNF1613) protein and were linear with added protein. Kp2 
(specific activity 900 nmol C,H, per min per mg) was added at 
0.151 mg per assay where appropriate. c, H; evolution by purified 
nifV Kpl and a 10-fold molar excess of wild-type Kp2 under argon 
with and without 5.8 matm carbon monoxide. 
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discrepancy between the lack of N, reduction in vivo and in 
crude extracts compared with the measurable rates with purified 
enzyme may reflect the presence of other proteins in the former 
which affect the rate of nitrogen reduction. 

Recent in vitro studies with purified nitrogenase components 
have shown that the distribution of electrons between compet- 
ing substrates depends on the rate of electron flux through the 
MoFe protein and that this is influenced by the ATP concen- 
tration and the Fe: MoFe protein ratio’*'**, The electron flux 
increases with increasing Fe protein : MoFe protein ratio”*”° and 
whereas low electron fluxes favour proton reduction, progres- 
sively higher fluxes favour C,H, and N, reduction in that 
order”. As nifV Kp1 does not respond normally to Kp2 addi- 
tion, what is the function of the nifV protein? We conclude that 
it processes the MoFe protein, and that this modification renders 
H, evolution insensitive to CO inhibition. Furthermore, the 
nifV product seems to modify the catalytic ability of Kp1 so that 
N; reduction will occur at a lowered electron flux. It has been 
Suggested that nitrogenase was originally a cyanide detoxifying 
enzyme”. We suggest that the nifV modification might be a 
later evolutionary development which converted the original 
enzyme into an efficient nitrogenase. Finally, like other 
workers'*"’, we stress the need for caution when using the 
C,H,-reduction test as a measure of nitrogen fixation. The study 
of the nifV MoFe protein may provide useful insights into the 
structure of the MoFe protein of nitrogenase and its mechanism 
of substrate reduction. 

We thank Professor J. R. Postgate and Dr R. Richards for 
helpful suggestions, Dr B. E. Smith for useful discussions and for 
donating purified wild-type nitrogenase components, E. 
Kavanagh for performing the ‘*N digestion and analysis, and Mr 
K. Baker for growth of cells for protein purification. P.A.McL. is 
the recipient of a research assistantship from the Agricultural 
Research Council. 
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Tus book is based on a Work Session of 
the Neurosciences Research Program that 
was held in May 1978, but although it is 
thus based on papers given at a conference 
three years ago it is very much alive and 
worth reading by those interested in 
theoretical approaches to the nervous 
system. The editors have evidently made a 
determined effort to present the material as 
a coherent whole in a readable form, and to 
a large extent they have succeeded. They 
divide the material up into three levels: the 
nature of the computations that are needed 
for the sensory and motor tasks we 
perform, the algorithms by which the 
computations are achieved, and the 
biological mechanisms which perform 
them. These are dealt with in reverse order, 
neural mechanisms first and the nature of 
the computation last; the recognition of 
the three levels provides a convincing 
framework for describing selected aspects 
of the enormously complicated processes 
that underlie our perceptions and control 
our movements. The book not only has a 
unified viewpoint but also an original 
feature here visible, I think, for the first 
time. This is the attempt to provide a 
theoretical background, together with a 
shorthand graphical representation, for 
the non-linear interactions on which the 
crucial logical operations of the nervous 
system depend. However let us first 
consider the review chapters, which are still 
useful even though not fully up to date. 
The first section has four chapters on 
how the nervous system performs its 
computational algorithms. The first two 
are useful general reviews by T. Lamb and 
D. Baylor on the biophysics of trans- 
duction in photoreceptors and the 
integration and transmission of this in- 
formation through the retina. These look 
upon signal generation and transmission as 
linear processes, but the next two chapters 
by T. Poggio and V. Torre are the ones in 
which a biophysical mechanism for the 
non-linear interactions that must underlie 
pattern selective mechanisms are 
proposed, and I shall return to them for 
they form the book’s kernel of originality. 
The next section has seven chapters at 
the level of ‘‘algorithms and interactions”? 
in neural systems. It contains up-dating 
reviews on various aspects of the visual 
system by Victor, Poggio, Reichardt, 
Wilson, Julesz, Hubel and Cowan. As the 
editors seem to admit, it is not quite right to 
apply the term ‘‘algorithm’’ to what is here 
described. An algorithm surely has a 
clearly defined purpose, but we are almost 
completely ignorant of the purposes of 





BOOK REVIEW 
Synaptic patterns of the mind | 








S 








H.B. Barlow 





Theoretical Approaches in Neurobiology. 
Edited by W.E. Reichardt and T. Poggio. 
Pp.252. ISBN 0-262-18100-2. (MIT Press: 
1981.) $27, £14. 





non-linear interactions in the cat’s retina, 
cooperative processes in texture perception 
or the columnar organization of the visual 
cortex. All the same one needs a level of 
description intermediate between 
biophysics and artifical intelligence or cog- 
nitive modelling. Anyone who has tried to 
understand someone else’s computer 
program, or even one of his own, will 
recognize the dazed feeling that accom- 
panies the question “What in the world 
does this page of nonsense accomplish?’’, 
and that is the feeling one has when reading 
much of this middle section of the book. Of 
course something is accomplished, but the 
interpretive keys are in many cases 
unknown, or at any rate not divulged. 

The level of the final section is that of 
describing the nature of computations. 
Two of them deal with visual control of 
flight in flies (Reichardt and Poggio), and 
of limb pointing in monkeys. The other 
two are concerned with human perception. 
Ullman deals at a theoretical level with the 
remarkable human capacity to interpret 
the relative motions of a few isolated spots 
of light in terms of the coherent motion of a 
single rigid object. Marr’s chapter gives a 
brief summary of his approach to vision, 
and it would form a very useful 
introduction to his work for someone who 
has not read his lengthier papers. It is clear 
that this book as a whole owes a great deal 
to Marr’s recognition of the different levels 
of description that are required in order to 
understand visual perception. 

Tomaso Poggio, as well as editing the 
book, is author or co-author of at least 25 
per cent of the material in it, and in these 
sections an important new approach is set 
out, As Boole realized when he wrote the 
“Laws of Thought’ more than 100 years 
ago, higher mental processes require 
logical operations that are essentially non- 
linear and more like multiplications than 
addition or subtraction. He was of course 
thinking of mental processes at a verbal 
level, but the lesson must also apply for the 
pre-verbal processes that underlie pattern 
selectivity and motor control, and it is the 
mechanism and organization of these 
processes at the level of the synaptic 
interactions between cells that Poggio and 
Torre attack in the biophysical section of 
this book. The intracellular potential of a 
particular cell has customarily been 
regarded as summating the positive and 





negative influences of all the neurones that 
make excitatory and inhibitory synaptic 
connections with it. Poggio and Torre 
point out that synapses situated close to 
each other on one of a cell’s dendrites will 
mutually influence each other, and the 
effects produced at a distant point will not 
simply represent the sum of the two. For 
instance, if one synapse is inhibitory and 
acts by increasing conductance to an ion 
whose concentration ratio is close to that 
corresponding to the cell's resting 
potential, then its activation will contribute 
very little potential change at a distant 
point in the cell, Nevertheless it may have a 
very powerful effect in stabilizing the 
potential at that point in the cell when a 
neighbouring excitatory synapse becomes 
active, This shunting effect can be very 
powerful, but will only be local. They 
propose that this may be the mechanism 
whereby directional selectivity is achieved 
in retinal ganglion cells, and it certainly fits 
two of the main requirements deduced 
from physiological analysis, namely that 
the interactions responsible are between 
local sub-units of the receptive field of a 
retinal ganglion cell, and that they are 
inhibitory in nature. The logical operation 
is thus equivalent to ‘and not”, or one 
input vetoing another, rather than to the 
conjunctive ‘‘and’’. 

The development of this idea is given in 
some detail, made more digestible by 
placing much of the mathematics in an 
appendix, as is also done in the rest of the 
book. Unfortunately, though the ideas are 
important for a large number of people, it 
is not very easy to follow. The authors have 
sought clarity in exactitude, whereas a 
certain amount of over-simplification 
might have been more effective. They also 
invent an interesting graphical notation 
which has symbolic representations for 
conductance changes as synaptic inputs, 
for the currents thereby produced and the 
potential changes resulting from the filter- 
like action of decremental electrotonic 
conduction, and most important, for the 
multiplicative effect of a conductance 
change on a voltage. If this notation is 
developed, and is adopted, one may be able 
to “read” a neural circuit in the same way 
that one can transistor circuits. It may even 
be possible to relate such a graphical form 
of neural circuit to the synaptic anatomy 
visible by electron microscopy, for many 
important quantities determining non- 
linear interaction are dependent upon 
anatomical variables such as proximity and 
dendritic diameter. 

Neurophysiology is mainly a simple 

















for us to understand. But this part of the 
> book is certainly a novel attack on a most 
: important problem, and one leaves the 

book as a whole in a rather more optimistic 
mood than is usually the case after a dose of 
brain theory. Instead of feeling that the 
-subject matter is incoherent and totally 
->  unapproachable, one feels that, within the 
framework set out, the brain may, 
ultimately, become comprehensible. E 
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“PLANT breeding has long required an up- 
to-date and authoritative textbook. It is 
now over 20 years since what many 
: regarded as a good book on the subject, 
Principles of Plant Breeding by R.W. 
© Allard (Wiley, 1960), first appeared. Since 
¿that time numerous attempts have been 
made to write a worthy replacement but 
with limited success. This book on the 
theory of plant breeding, by O. Mayo, is 
likely to receive a similar assessment. This 
utis a pity, since the book has merit and 
touches on much that needs to be said 
about plant breeding and related sciences. 

The book has 17 chapters, of which 
seven of the longest describe methods of 
genetic analysis, the properties of genetic 
systems in inbreeding and outbreeding 
“erops, the response of such systems to 
environmental variables and different 
selection pressures, These are then 
» followed by several short chapters on 
induced mutation, disease resistance, 
somatic cell genetics and, as if as an 
afterthought, further cytogenetical 
manipulations. The final chapters discuss 
the conservation of germplasm and aspects 
of plant breeding strategy. 

A number of errors occur, mainly of 
omission. Thus, the author is rather 
cursory in his treatment of the covariance- 
< wariance analysis of diallel crosses, and is 
apparently not aware that the creators of 
this analysis have been at pains to point out 
its weaknesses in detecting certain types of 
gene action. Likewise, the treatment of the 
genetical causes of heterosis leaves much to 
be desired, particularly since the author 
appears to labour under the misconception 
that heterosis is a phenomenon still 
awaiting a genetical explanation. 

Far too frequently important methods 
and issues are mentioned en passant, when 


expressed his: ideas ina a simple enough form : 
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THE history of Canadian entomology has 
received close and expert scrutiny before. 
Compared with two previous accounts — 
by R. Glen (Can. Ent. 88, 290-371; 1956) 
and G.J. Spencer (Can. Ent. 96, 33-59; 
1963) —- Professor Riegert’s attractively 
presented book is narrower in scope but 
much more detailed. It traces the develop- 
ment of entomology (mainly applied 
entomology) in the four western provinces 
of Canada, from the arrival of the first 
European colonists until just after the 
Second World War, when synthetic 
organic chemical insecticides were starting 
to transform the practice of pest control. 
(The history of forest entomology is 
omitted because Riegert discovered that 
such a document had recently been 
prepared.) As it stands, this book provides 
a wealth of detail on subjects as varied as 
the daunting mosquito attacks recorded by 
traders in the early seventeenth century, 
instructions for making and applying 
“‘Criddle Mixture” (a horse-manure-based 
poisoned bait for grasshoppers) and the 
progressive evolution and enforcement of 
interprovince quarantine regulations. 

The five main parts of the book are 
devoted to encounters between European 
colonists and insects; the first professional 
entomologists; the insects of British 
Columbia — mainly mosquitoes and 
orchard pests; the insects of the prairies — 
including the wheat-stem sawfly, grass- 
hoppers, cutworms and wireworms; and 
specialized topics such as medical and veter- 
inary pests, stored-products insects, and 
the teaching of entomology in universities. 

A brief, admirably succinct, epilogue 
reviews the main personalities and events 
which attended the growth of applied ento- 
mology in western Canada from the 1880s 
to the 1950s — ‘‘from arsenic to DDT” — 


` and ends by listing some of the lessons to be 


learnt from this richly documented set of 
case studies. 


more detailed and penetrating accounts are 
demanded. This is a disappointing feature 
which probably arises from the stated 
objectives of the book, which are to give an 
account of plant breeding theory but not to 
provide extensive descriptions of proofs or 
methods. However, one questions whether 
this is a wise decision when such an impor- 
tant aspect as breeding for disease 
resistance receives only three pages of text. 
The impression emerges that the author has 
much to contribute in writing about the 
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The author’s style tends to be somewhat 
florid for my taste, and bis inclusion of 
diverse anecdotal and factual material at 
times impairs the fluency of the text, 
although this seems a modest price to 
pay for the exhaustive background 
information he provides. A map would 
have been a useful adjunct to the excellent 
contemporary photographs, 

This book will certainly appeal to those 
wishing to learn, or to be reminded of, the 
circumstances and individuals that have 
helped Canadian entomology to become so 
vigorous and effective; and, for the sake of 
the discipline’s continuing health, one may 
wish that such readers will include those 
who decide the resources to be allocated 
to entomology by future Canadian 
governments! As a contribution to the 
existing literature on the history of 
entomology, Riegert’s book has 
undoubted value in several other respects. 
Using a canvas of manageable size, he 
delineates the changing pattern of 
agricultural and veterinary entomology ina 
developed, though recently settled, 
country which is prone to severe pest 
problems. The extremely detailed descrip- 
tion of these problems —- including con- 
temporary recipes for their mitigation — 
and the frank but sensitive description of 
the men and institutions concerned with 
pest management, may attract the interest 
of social historians as well as applied ento- 
mologists. One may hope that those 
destined to practise and administer applied 
entomology in Canada and elsewhere 
properly appreciate the realities of large- 
scale pest suppression when synthetic 
organic chemical pesticides are not avail- 
able. People who read this book will surely 
gain such an appreciation; and in doing so 
they will come to share the author’s high 
regard for the immensely able and 
resourceful pioneer entomologists who 
successfully tackled some of the most 
intense insect attacks ever to be endured by 


human beings. g 





Philip S. Corbet is Professor of Zoology at the 
University of Dundee, and was formerly an 
entomologist in Canada. 


theory of plant breeding; but either he has 
been overly constrained by limitations on 
the size of the book or he has been perhaps 
too unambitious in his objectives. He 
should be encouraged to build upon the 
firmer foundations of this book as well as 
to include views about the practice of plant 
breeding in any future edition. g 





C.N. Law is Head of the Cytogenetics 
Department at the Plant Breeding Institute, 
Cambridge. 
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Illiterate lamp men and other problems in geodesy 


William M. Kaula 


Geodesy, 4th Edn. By G. Bomford. 
Pp.855. ISBN 0-19-851946-X. (Oxford 
University Press: 1980.) £49, $139. 


IN 1952 I was reassigned from a combat 
engineer battalion in the Fulda Gap to the 
Ohio State University in order to study 
geodesy. Upon arriving in Columbus that 
June, I met Professor W. A. Heiskanen, 
who said: ‘‘I’m going to Finland tomorrow 
for the summer. Here, study this book’’. 
“This book” was the first edition of 
Bomford’s Geodesy, just published. So 
that summer I spent many hours between 
classes under the trees (now gone) on the 
east bank of the Olentangy, gleaning 
geodesy from Geodesy. 

Geodesy is a compendium, rather than a 
textbook or a treatise. It is the principal 
geodetic reference book in English. The 
main parts of this new edition are: 
horizontal control (196 pp.), vertical 
control (57 pp.), physical geodesy (118 
pp.), artificial satellites (139 pp.), and 
appendixes and bibliography (186 pp.). 

Virtues of the book and its author 
include comprehensiveness within 
geodesy, a strong geometrical intuition, 
keen insights about instrumentation and 
observations, a sensitivity to measuring 
errors — and good writing. Bomford has 
much better command of language than 
most scientists and engineers. His 
discussions of such topics as the effects of 
atmospheric refraction on theodolite or 
spirit-level measurements are a pleasure to 
read, being syntheses of practical 
experience, an analytical attitude and 
fluency of expression. His Indian past is 
manifest in passages such as ‘‘When 
supplies and transport are easy and with 
lamp men who can find their own way 
about, the programme presents no special 
problems, but in uninhabited country, or 
with illiterate lamp men, it calls for very 
careful thought ... ’’. Bomford’s careful 
Selection of tangential topics, practical 
(e.g. star catalogues) or scientific (e.g. 
geophysical implications of gravity 
anomalies) is also evident. 

However, he is less at ease with the 
abstract. and the mathematical. His 
treatments of potential fields and orbital 
dynamics are somewhat perfunctory, and 
these topics are made unnecessarily 
obscure by quoting complicated formulae, 
rather than discussing underlying 
principles. A saving grace is the frequent 
referencing; anyone trying to use Geodesy 
as a text (as I did) must resort to looking up 
the references to understand whence came 
The first of a new series, Current Reviews 


in Biomedicine, has been published by 
Elsevier/North-Holland. The paperback 












J.W. Lamble, is a well-organized collection of 
33 reviews largely taken from Trends in 
Pharmacological Sciences, and costs £7, $25. 






Towards Understanding Receptors, edited by |. 


many of the prickly-looking equations. 
Oddly incongruous with the quoted 
formulae in the main text are most of the 
appendixes, which include rather 
elementary explanations of matrix algebra, 
theory of errors, vectors and so on, Some 
of this matter is outmoded: for example, 
eight pages on the solution of matrix 
equations make no mention of square-root 
techniques, while four pages on harmonic 
analysis reference only books written 
before 1930, and do not mention fast 
Fourier transform methods. Such 
archaisms may unduly deter those who 
have had modern engineering educations 
from using the book. 

The revisions between the 1971 and 1980 
editions are major. The type appears to 
have been completely reset and the size of 
the book has risen by 17 per cent. This 
increase is almost entirely explicable by the 
greater space accorded to artificial satellite 
methods, which has not only more than 
tripled but has also been rearranged with 
respect to the other material. However, 
going through the two editions in parallel 
reveals many other detailed changes, such 
as increases in the space devoted to crustal 
movements, time standards, MSL-geoid 
difference and gyro-theodolites which are 
balanced by decreases in that allocated to 
map projections, mechanical chrono- 
graphs, astrolabes etc. In the earlier parts, 
particularly, this compressive zeal was 
paragraph by paragraph. A loss of flavour 
sometimes results. Thus, what was in the 
1952 edition: 


Such an apparatus was used in India in 1880 
[150}, p.35, and another was used with the 
prismatic astrolabe in 1927-9 [151], but neither 
was entirely satisfactory. Possibly the principle 
was sound, but the mechanism imperfect. 
Recently R. Woolley (of the Commonwealth 
Observatory, Canberra) has made an apparatus 
on similar lines, which is reported to be 
satisfactory in the observatory, although 
possibly not easily portable. Full reports have 
not yet been published. 


has now shrunk to: ‘‘Such an apparatus 
has been constructed from time to time, 
but no great use of the method has been 
reported”. Unfortunately, this drive to 
prune and mend apparently flagged by the 
time the appendixes were reached. 
Bomford’s experience and perception in 
geodetic survey is particularly applicable to 
current problems of using past geodetic 
measurements to infer crustal movements. 
The relevant cautionary remarks appear in 
both the sections on control and those on 
crustal movements: for example ‘The 
differences cannot lightly be ascribed to 
crustal movements”, and ‘‘Levelling has 
sometimes been less good than it looks’’. 
Several likely systematic errors are 
discussed, but the bite of specific examples 
is lacking, perhaps because the Survey of 
India was always stricter in its practices 


than was the US Coast and Geodetic 
Survey. 

I must report that | found no errors, 
other than a few misprints. The defects are 
much more ones of selection and exclusion. 
In addition to those mentioned above, an 
oddity is the omission of the determination 
of longitudinal variations in the gravity 
field from satellite orbit perturbations, 
which is both conceptually simpler and 
more fruitful of geodetic results than the 
resonant effects which are included. 

Nonetheless, if you have a geodetic 
problem, look it up in Bomford. If he 
doesn’t give you the answer, he'll tell you 
where else to look. (i 








William M. Kaula is a. Professor. of Geophysics 
at the University of California, Los Angeles. 


Material attraction 
P. J. Grundy 


Ferromagnetic Materials: A Handbook on 
the Properties of Magnetically Ordered Sub- 
stances, Vols 1 and 2. Edited by EP. Wohl- 
farth. Vol.1 pp.634, ISBN 0-444-85311-1, 
Vol.2 pp.600, ISEN 0-444-85312-X. (North- 
Holland: 1980.) Each volume Df1.210, $102.50, 


Many textbooks and technical handbooks 
lay claim to the title of the definitive text. 
However, in order to prove its superiority 
over all comers, a book, like all cham- 
pionship contenders, must have all the 
necessary qualities. If all the promised 
material — a further two volumes. are 
planned — is provided and published 
within a reasonable time, this work should, 
indeed, prove to be a champion. 

The handbook is designed to cover as 
wide a range of material properties as 
possible. Its restrictive title of 
Ferromagnetic Materials is quickly 
extended by the subtitle to take account. of 
the other varieties of magnetic ordering, 
and the subjects covered by the first two 
volumes are varied indeed. The con- 
tributing authors have been well chosen, 
are “experts” in their specialist fields and 
most are household names in magnetism. 

Understandably, there is no obvious 
overall plan to the layout of the chapters, 
except that rhe first is by the editor and 
reflects his deep interest and involvement 
with work on the trio of ferromagnetic 
transition metals. The second chapter of 
the first volume, by Mydosh and 
Nieuwenhuys on dilute transition metal 
alloys, deals authoritatively with the 
complex and fascinating range of effects 
arising from the concentration changes and 
differing magnetic interactions of the 
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-magnetic impurity in these spin glass 
systems. This first. volume also contains 
contributions on rare earth metals and 
alloys and compounds by Legvold, 
Buschow and Clark. Each of these 
authorities has worked on these 
fundamentally important, numerous 
(Buschow lists details anc references to at 
least 1,000 binary and ternary compounds) 
and potentially useful materials since the 
1960s. The journey through the periodic 
table is completed by Trzebiatowski’s 
contribution on actinide elements and 
compounds. Even for many people active 
in magnetism, these materials are 
somewhat enigmatic. However, their 
properties are clearly dealt with and no text 
could claim to be comprehensive without 
their inclusion. As might be expected, the 
chapter on amorphous magnetic materials 
prepared by rapid quenching from the melt 
is an especially authoritative and lucid 
account; Luborsky and co-workers have 
been pace-makers in the study of the 
magnetic properties and preparation 
methods of these alloys, especially those 
suitable for the application and production 
of commercially useful material. 

The second volume is dominated by 
contributions from the research and 
development laboratories of large 
industrial corporations. This is an 
important and welcome feature for several 
reasons. One is that it brings home to the 
reader, especially in the chapters on bubble 
domain materials by Eschenfelder, where 
charts in which interrelated material 
properties and parameters can be cross- 
checked are given, the special approach to 
research which is concerned with designing 
and using materials in a real application. 
Another is that articles, such as those by 
Chin and Wernick on soft magnetic 
materials and Bate on magnetic recording 
materials, are extremely comprehensive 
and are accompanied by exhaustive 
reference lists — presumably the product 
of excellent information retrieval systems. 
On the other hand, the smaller corpus of 
knowledge on other materials, and perhaps 
a more selective approach, is evident in 
some of the other contributions. This also 
has its advantages in that it can be said that 
part of the author’s responsibility is to 
guide the reader and select the important 
contributions to his subject. 

The four articles by Gilleo, Slick, 
Nicolas and Eschenfelder on the magnetic 
ferrites and garnets cover the ground 
admirably. The final chapter by Charles 
and Popplewell is, not surprisingly, the 
only contribution on materials which are 
effectively liquids. ‘‘Ferrofluids’’ present a 
challenge in thought as to what uses can be 
made of magnetizable colloidal 
suspensions. Several applications have 
already been addressed but one severe 
problem seems to be the rapid departure 
from liquid behaviour accompanying only 
modest increases in concentrations and 
magnetization. 

There is no doubt that these volumes 


should be available in all research and 
development laboratories concerned with 
magnetic materials and material properties 
in general, Their value as sourcebooks to 
both graduate students and seasoned 
researchers is obvious, and their ap- 
pearance will help to promote the impor- 
tant messages that magnetic materials 
display a bewildering variety of properties 
and that the applications of magnetism 


‘permeate the whole of modern society by 


providing electric power, communications 
and information storage. I am sure the 
international magnetism community 
awaits with anticipation the volumes yet to 
appear. ol 


P. J. Grundy is Senior Lecturer in the 
Department of Pure and Applied Physics at the 
University of Salford. 


Mathematical stimulus for biologists 


J.D. Murray 


The Geometry of Biological Time. By 
Arthur T. Winfree. Pp.530. ISBN 
0-387-09373-7/3-540-09373. (Springer- 
Verlag: 1980.) DM 59.50, $32.80. 





GENUINE interdisciplinary research can 
often produce spectacular and exciting 
results. Winfree, a biologist, knows a lot of 
mathematics and this book reflects his 
appreciation of interesting problems in 
both fields. Amongst other things he gives 
some excellent case histories of what inter- 
disciplinary endeavour can achieve. There 
is no doubt that the development of models 
and model mechanisms as an aid in 
elucidating biological phenomena with a 
view to determining basic principles is a 
flourishing, useful and fascinating area 
of research. (The interdisciplinary 
mathematics—biology fields are now 
recovering from the ravages caused by 
catastrophe theory.) In many countries the 
generous support from research funding 
organizations reflects this growth area. 

This book is a major contribution to 
theoretical biology and will become, I am 
sure, an essential reference book for those, 
theoreticians as well as experimentalists, 
interested in modelling and understanding 
periodic behaviour in biology. From a 
pedagogical point of view it does not 
require much detailed knowledge of 
mathematics as such, except for selected 
chapters, but it does require a mathe- 
matical appreciation and understanding 
which most bioscientists do not have. 
However, those with firmity of purpose, 
who persevere with most of the more 
instructive first nine chapters, will reap rich 
rewards. Those with less time or weaker 
will can usefully go to those parts of the 
second half of the book which deal with 
more specific phenomena. Many of the 
ideas and concepts described are illustrated 
with relevant, and often ingenious 
experiments. 

Winfree first discusses periodic 
behaviour in general, phases, phase 
singularities and phase resetting. The latter 
is shown to be an important concept of rele- 
vance to experimental observation. The 
effect of interactions between oscillators is 
then examined. In particular, where they 
are spatially distributed they can result ina 


variety of unexpected wave phenomena. 
One of Winfree’s aims is to try to give a 
picture of observed events and natural 
phenomena which are not dependent on 
specific models. Generally he uses a 
geometric conceptual approach. 

The second half of the book deals mainly 
with specific phenomena and experiments 
which exemplify some of the ideas 
developed earlier, but can be read, more or 
less, independently from the first half. 
Here Winfree discusses several major 
topics of current biological research and 
among other things gives his personal views 
on them. For example, such topics as 
the Belousov—Zhabotinskii reaction 
(emphasizing the wave phenomenon 
aspect), slime mould aggregation, 
circadian rhythms in insect eclosion, the 
female cycle and the cell mitotic cycle are 
surveyed and discussed. Researchers in 
each of these areas, and others covered, 
will no doubt feel that the views expressed 
do not give the whole picture of current 
thinking (and how could they in a single 
book?) or present a biased picture, and so 
on. This indeed so, but whatever their 
views, it will be difficult to ignore many of 
Winfree’s ideas with impunity. 

This book exhibits a remarkably wide 
spectrum of biomedical problems of 
current research interest. With Winfree’s 
talent in presenting succinctly the essential 
interesting features of a phenomenon, it is 
accessible to most mathematicians, 
physical scientists, and with somewhat 
more effort, bioscientists who believe in 
the use of models in biology (and few can 
now admit to a contrary view). Parts of it 
can be usefully given to both under- 
graduates and graduate students. I strongly 
recommend it for those seriously or 
casually interested in modelling and under- 
standing biological oscillators and their 
role in nature: the book is full of 
unanswered questions and research ideas. 
As an introduction for the uninitiated, and 
a stimulant for the cognoscenti, it is 
excellent, lucidly and anecdotally written, 
and has a well-vetted bibliography. a 





J.D. Murray is Reader in Mathematics at th 
University of Oxford with research interests in 
theories of biological pattern formation, 
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Awards 


Prof. Choh Hao Li (Director of the UC- 
San Francisco Hormone Research 
Laboratory) has received the Fred Conrad 
Koch Award research on the hormones of 
the pituitary gland. 


The Geological Society of London has 
made the following awards: The Wollaston 
Medal to Prof. R.M. Garrels; The 
Murchison Medal to Prof. G.M. Brown; 
The Lyell Medal to Dr W.S. McKerrow; 
The Prestwich Medal to Dr H.G. Reading; 
The Bigsby Medal to Dr A.G. Smith; The 
Wollaston Fund to Prof. John Murray; 
The Murchison Fund to Dr A.H.G. 
Mitchell; Moieties of the Lyell Fund to Dr 
M.G. Bassett and Dr B.J. Bluck; 
President’s Awards to Dr A. Saunders and 
Dr A. Scott; The R.H. Worth Prize to Mr 
E.H. Shackleton. 


Through the Irish Foundation for Human 
Development, the Curt P. Richter Prize in 
Psychoneuroendocrinology has been 
established for meritorious research in the 
area of Psychoneuroendocrinology. The 
sum of $1,000 will be awarded annually for 
the best essay or manuscript submitted by a 
scientist or physician under 40 years of age 
by 1 January 1982. Manuscripts (in quad- 
ruplicate) to: Dr Fleur L. Strand, 
Secretary, International Society of Psycho- 
neuroendocrinology, Biology Depart- 
ment, New York University, 952 Brown, 
100 Washington Square, New York, New 
York 10003, USA. 


Churchill Travelling Fellowships are open 
to all UK citizens of any age or occupation; 
no educational or professional quali- 
fications are needed. The awards enable 
candidates to gain a better understanding 
of the lives and work of people in countries 
overseas, aud to bring back useful know- 
ledge for the benefit of the community. 
Grants are offered in different categories 
each year (for example ‘Medical Research 
into the Relief of Pain’’ will interest 
scientists, doctors and research workers 
associated with the development of new 
methods to alleviate suffering; and 
“Animal Welfare Legislation” will interest 
those concerned with the preparation and 
application of animal welfare legislation 
relating to husbandry, laboratory, game 
laws and wildlife conservation. The grant 
will cover return air fare, plus travel and 
living expenses abroad for a period of up to 
three months. To apply send your name 
and address only on a postcard between 
August and Mid-October to the Winston 
Churchill Memorial Trust, 15 Queen’s 
Gate Terrace, London SW7, UK. 



















ANNOUNCEMENTS 


Meetings 

29 September — 1 October, Analytical 
Conference, London (Tony Goodall, Pye 
Unicam Ltd, York St, Cambridge, UK). 
13 October, The Short and Long Term 
Biological Consequences of Exposure to 
Radiation, London (Prof. J.H. Martin, 
Dept of Medical Biophysics, University of 
Dundee, UK). 

29 October, Frontiers of Analytical 
Techniques and their Applications, 
Richmond (B. Mack, Philip Morris 
U.S.A., 100 Park Ave, New York, New 
York 10017, USA). 

4-6 November, Managing and Motivating 
Scientists and Engineers, Amsterdam (The 
Center for Professional Advancement, 
Postbus 19865, 1000 GW Amsterdam, The 
Netherlands). 

17-20 November, Separation of Solids 
from Liquids, Amsterdam (The Center for 
Professional Advancement, Postbus 
19865, 1000 GW Amsterdam, The 
Netherlands). 

7-10 December, Industrial Corrosion, 
Amsterdam (The Center for Professional 
Advancement, Postbus 19865, 1000 GW 
Amsterdam, The Netherlands). 

5-7 January, Factors and Mechanisms 
Influencing Bone Growth, Los Angeles 
(A.D. Dixon, Dental Research Institute, 
Center for Health Sciences, University of 
California Los Angeles, Los Angeles, 
California 90024, USA). 

11-15 January, From Gene to Protein: 
Translation into Biochemistry, Miami 
(Miami Winter Symposium, PO Box 
016129, Miami, Florida 33101, USA). 

26 January, Quantities and Units for Use in 
Radiation Protection, Teddington (Prof. 
J.H. Martin, Dept of Medical Biophysics, 
Blackness Laboratory, University of 
Dundee, Dundee, UK). 

1-3 February, Pan-African Crustal 
Evolution in Arabia and Northeast Africa, 
Jeddah (Dr A.A.M. Al Shanti, IGCP-64, 
PO Box 1744, Jeddah, Saudi Arabia). 

4-5 February, Water and Waste Engineer- 
ing in Asia, Madras (J. Pickford, WEDC, 
University of Technology, Loughborough, 
UK. 


7-17 February, Heavy Crude and Tar 
Sands, Caracas (UNITAR, 801 United 
Nations Plaza, Rm 316, New York, New 
York 10017, USA). 

8-12 February, Viral Diseases in South- 
East Asia and the Western Pacific, 
Canberra (Assoc. Prof. J.S. Mackenzie, 
Dept of Microbiology, University of 
Western Australia, Queen Elizabeth H 
Medical Centre, Nedlands, Western 
Australia 6009, Australia). 

14-26 February, Molecular Biology 
Approach to the Neurosciences, Rehovot 
(H. Soreq, Dept of Neurobiology, 
Weizmann Institute of Science, Rehovot, 
Israel 76100). 








22-26 February, Marine Mineral 
Resources, London (Dr D.S. Cronan, 
Dept of Geology, Imperial College, 
London SW7, UK). 

28 February-6 March, B and T Cell. 
Tumours: Biological and Clinical Aspects, 
Squaw Valley {UCLA Symposia, 
Molecular Biology Institute, University of- 
California, Los Angeles, California 90024, 
USA). 

2-5 March, Oceanelogy International *82, 
Brighton (Spearhead Exhibitions Lid, 
Rowe House, 55/59 Fife Rd, Kingston- 
upon Thames, Surrey, UK). i 
8-12 March, Analytical Chemistry and 
Applied Spectroseopy, New Jersey- Mrs 
M.V. Senneway, 437 Donald Rd 
Pitsburgh, Pennsylvania 15235, USA), 
12-17 March, Applications and Technol- 
ogy of Ionizing Radiations, Riyadh (B.C 
Barrall, Cancer Therapy Institute, King 
Fiasal Hospital, PO Box 3354, Riyadh, 
Saudi Arabia). 
22-25 march, Solid State Physics, 
Manchester (The Institute of Physics, 47> 
Belgrave Square, London SWI, UK), 
23-25 March, Electro-optics/Laser Inter 
national °82 UK, Brighton Dr Ek. 
Morritz, Industrial & Scientific Conf. 
Management Inc. 222 W. Adams St. 
Chicago, Illinois 60606, USA). ; 
25-26 March, Food and the Consumer —~ 
the Next 50 Years, London (G.D. Brown, 
c/o RHM Researeh Ltd, Lincoln Rd, High 
Wycombe, Bucks, Uk). 
29-31 March, Vacuum °82, Chester (The 
Institute of Physics, 47 Belgrave Square, 
London 5W1, UE). i 
29 March — 2 April, 3rd International 
Congress of Thermology, Bath (Marlet 
Conference Services, 24 Preston St, 
Brighton, Sussex, UK). 

5-7 April, Control Systems Concepts and 
Approaches in Clinical Medicine, Sussex 
(M.J. Yates, Institute of Measurement and 
Control, 20 Peel St, London W8, UK). 

13-16 April, Crystal Growth Processes in 
Sedimentary Environments, Madrid (Dr. 

R. Clemete, Instituto de Geologia Consejo. 
Superior de Investigaciones Cientificas ¢/ 

Jose Gutierrez Abascal, 2 Madrid 6, 
Spain). 

19-21 April, International Recycling 
Congress, Berlin (Heckman GMBH, 
Kappellenstrasse 47, D? 6200 Wiesbaden, 
FRG). ae 
19-22 April, Hazardous Spills Conference, _ 
Milwaukee (CMA, 2501 M St, NW,” 
Washington DC 20037, USA). 

25-29 April, Cell Function and. Differens 
tiation, Athens (Secretariat, Special FEBS 
Meeting, Nuclear Research Center Demo- 
critos, Dept of Biology, Aghia Paraskevi, 
Attakis, Greece). 

27-30 April, Analytica “82, Munich 
(SIMA, 8 Leicester St, Leicester Square, 
London WC2, UK). 
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- occurring and deficiencies are related 
to. maturity-onset diabetes and 
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experience in biochemical fsolation. | 


` Position available immediately. 


Send curriculum vitae and names 
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essential, Starting date Ist October 
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telephone numbers of two referees to 
be submitted, within three weeks of 
the publication of this advertisement 
to Personnel Officer (Technical Staff 
GP1) University College London, 
Gower Street, London WCIE 6BT. 

(9310)A 








seeks a 


nature 


WASHINGTON 








CORRESPONDENT 


to succeed David Dickson, who will be leaving his post in 
Washington on 31 March 1982. The post is central to 
Nature's reporting of developments affecting science in 
North America and elsewhere. 

Applicants should be English-speaking, preferably with 
some first-hand knowledge of the United States and 
should also have 

* a university degree (preferably in science) 

* at least two years’ experience of written journalism 
(preferably witha weekly or daily periodical, but not 
` necessarily scientific) 

* a broad interest in current affairs. 

The successful applicant will be employed by Nature 
„America Inc., initially for a fixed term (to be negotiated). 
To allow for a spell in the London office of Nature and a 
period of overlap in Washington, applicants should be 
able to be free no later than 1 March 1982. 

Salary, travel allowances and other conditions of 
employment by negotiation. 

Applications, including a full curriculum vitae, 
should be plainly marked “Job application” and 
addressed to the Editor, Nature, Macmillan 


Journals, 4 Little Essex St, London WC2R 3LF or 
Nature, 15 East 26 St, New York, NY aiis S 


before 30 September 1981. 









MANCHESTER AREA 
HEALTH AUTHORITY 
(Teaching) — Central District 


DEPARTMENT OF 
MEDICAL GENETICS 


SENIOR SCIENTIFIC 
OFFICER 


To join a team in well-equipped HLA 
and Cellular Immunogenetics 
Laboratories providing services for 
renal transplantation and disease. 


Applicants should hold PhD or an 
Honours BSc in some aspect of HLA, 
cellular immunology or cell biology 
and have an interest in genetics. 


This is a permanent post providing 
wide postdoctoral experience and 
many research opportunities. 


Salary scale: £7,674 to £9,921 per 
annum depending on age and quali- 
fications. 


Informal enquiries to Dr G M 
Taylor on 061-224 9633 ext 472. 


Curriculum Vitae and names of 
two referees to Dr G M Taylor, 
Department of Medical Genetics, 
Saint Mary’s Hospital, Hathersage 
Road, Manchester M13 0JH as soon 
as possible. (9336)A 


UNIVERSITY 
OF BRISTOL 


DEPARTMENT OF 
VETERINARY MEDICINE 


POST-DOCTORAL 
MICROBIOLOGIST 


Applications are invited for a post- 
doctoral research worker to join a 
team investigating mucosal pro- 
tection to respiratory herpesvirus 
infection in cattle and cats. Previous 
experience in virology is essential; 
experience in immunological 
techniques is desirable. 


The project, funded by the 
Wellcome Trust is for a three year 
period in the first instance with a 
possible extension for a further two 
years. 


Salary in the range £6,475 to £7,290 
per annum. 


Applications accompanied by a 
curriculum vitae and the names and 
addresses of two referees should be 
sent to Professor F J Bourne, 
Department of Veterinary Medicine, 
Langford House, Langford, Bristol 
BSI8 7DU by August 29th, from 
whom further particulars may be 
obtained. 327A 











FACULTY POSITION 


Tenure track Assistant Professorship 
for Eukaryotic Molecular Cell Bio- 
logist with interests in some facet of 
immunology. Preference will be 
given to an individual who has 
potential for and commitment to 
developing an independent research 
program and who has an interest in 
and an aptitude for teaching 
graduate, medical and dental 
students. Position available during 
1981-82 academic year. 


Salary commensurate with 
experience but not less than $26,000 
for a twelve-month appointment. 


Applicants should submit a letter 
outlining current and future research 
interests, curriculum vitae and biblio- 
graphy and should arrange for three 
letters of reference to be sent to: Dr 
Roy Curtiss IH, Department of 
Microbiology, Box 11 SDB, The 
University of Alabama in 
Birmingham, Birmingham, Alabama 
35294. An Equal Opportunity/ 
Affirmative Action Employer. 

(NW806)A 





MASSEY UNIVERSITY 
Palmerston North, 
New Zealand 
LECTURER IN 
MICROBIOLOGY 
(Medical Bacteriology) 


Applications are invited for the 
above-mentioned position in the 
Department of Microbiology and 
Genetics within the Science Faculty. 
The Department is responsible for 
courses leading to the BSc, BSc 
(Hons), MSc, and PhD degrees in 
microbiology. 


Applicants who have experience 
in, and research interests relating to 
diagnostic bacteriology will be given 
favourable consideration. The level 
of appointment will be commen- 
surate with experience and qualifica- 
tions within the range: NZ$19,140 — 
NZ$23,520. 


Further details of this position and 
of the University, together with the 
general conditions of appointment 
may be obtained from the Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of 
the University. 


Applications close on 16 October 
1981. (BAVA 
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We are inviting applicants for 











Hoechst 


is planning to extend considerably its gene technology group in Frankfurt 
(Main), Germany involved in basic research with special regard to health 









Molecular Biology 















’ ROTHAMSTED 
. EXPERIMENTAL STATION 


Harpenden, Herts ALS 2JQ 
PLANT PROTOPLASTS 


Applications are invited from 
graduate biologists to join a team 
working in the Biochemistry Depart- 
ment on the genetic manipulation of 
crop plants. The successful applicant 
will be expected to develop tech- 
niques for the regeneration of crop 
plants from isolated protoplasts, 
Applicants must have a proven 
record of success in plant 
regeneration and protoplast tech- 
nology and preference will be given to 
those with a PhD and some post- 
doctoral experience. 


Qualifications: Ist or Upper 2nd 
class honours degree. 


The successful applicant will be 
appointed in one of the following 
grades according to qualifications 
and experience: Higher Scientific 
Officer (£6,075 — £7,999); Senior 
Scientific Officer (£7,644 — £9,619); 
Principal Scientific Officer (£9,690 
~~ £12,540). 


At least 2 years relevant experience 
is required for HSO grading, and 4 
years for SSO. Grading at PSO level 
will only be considered for excep- 
tional candidates. Pay award 
pending. Non-contributory super- 
annuation. 


Apply in writing to the Secretary 
naming two referees and quoting 
Ref. 459 by 19th September 1981. 
Further details on request. 

(X9326)A 


Hoechst Aktiengesellschaft, 
Personalabteilung T, Referat Naturwissenshaftler, 
Postfach 800320. 6230 Frankfurt (Main) 80 








UNIVERSITY OF THE 
WITWATERSRAND 


Johannesburg 
DEPARTMENT OF CHEMISTRY 
LECTURER 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for appointment as Lecturer 
in the Department of Chemistry. 
Duties are to be assumed as soon as 
possible. 


Special consideration will be given 
to applicants with a strong interest in 
education, who would be able to 
participate in teacher training and to 
prosecute research in chemical 
education, and who would involve 
themselves with educational de- 
velopments in the Department. 


The salary attached to the post will 
bein the range of R10,995 — R19,230 


| per annum. The initial salary will be 


determined according to qualifica- 
tions and experience of the successful 
applicant. 


Prospective applicants should send 
a curriculum vitae giving full details 
of qualifications, experience, present 
salary and interests, to the London 
Representative, University of the 
Witwatersrand, Chichester House, 
278 High Holborn, London WCIV 
THE, or to the Registrar (Staffing), 
University of the Witwatersrand, Jan 
Smuts Avenue, Johannesburg, South 
Africa 2001, by 30 September 1981. 
An information sheet relating to this 
post is available from the above 
addresses. (9305)A 





with several years experience in recombinant DNA research and nucleic acid 
Salary will be competitive and in accordance with experience. Applicants should 
have basic knowledge in German language. Applications, including curriculum 

vitae (with a description of previous experience) should be sent to: 









UNIVERSITY OF NAIROBI 
Kenya 
Applications are invited for 
2 SENIOR LECTURESHIPS 
IN THE 
DEPARTMENT OF BOTANY 


in any of the following ecological 
disciplines: Terrestrial Ecology, 
Marine Ecology, Aquatic Ecology. 
Applicants must have a PhD with 
considerable teaching and research 
experience. 


The appointees will be expected to 
participate in the teaching of both 
undergraduate and postgraduate 
courses and to develop research 
programmes in their areas of 
specialisation. Salary scale: K£3,300 
~- K£4,950 pa. (Kil = £1.19 
sterling). It is unlikely that the British 
Government will provide salary 
supplementation and associated 
benefits. FSSU. Non-contributory 
medical scheme; subsidised housing 
or housing allowance; family 
passages. 


Detailed applications (2 copies), 
including a curriculum vitae and 
naming 3 referees, should be sent to 
the Registrar (Recruitment and 
Training), University of Nairobi, PO 
Box 30197, Nairobi, Kenya, to arrive 
no later than 1$ September 1981. 
Applicants resident in UK should 
also send 1 copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 

(9308)A 
















UNIVERSITY OF 
ZIMBABWE 
Applications are invited: for these posts: 


SENIOR LECTURESHIP/ 
LECTURESHIPS 
BIOCHEMISTRY 

CIVIL ENGINEERING 
(Gtructural engineering) 
FOOD TECHNOLOGY 
MATHEMATICS : 
(Pure or Applied or Engineering 
Mathematics) 
SCIENCE EDUCATION 

CENTRE 


Salary Scales: Lecturer Grade 1i Q 
37,008 x $504 — $9,528 PSIE me 
$12,168. Lecturer Grade To 





$12, 720x8528 — $14,832. Senior k 
$14,040 «$528 mi 


Lectarer 
$15,624 x $3540 —~ 
(Elstg= Z31.35 approx). 


Conditions of Service: Both 


$18,324. 


permanent pensionable terms and - 


short-term contracts are offered for 
academic posts. : 


Further Particulars on the above 
posts. on conditions of serviceandon 
methed of application should be. 


application 
Appeintments and Personnel, 
University of Zimbabwe, PO Box 
MP 167, Mount Pleasant, Salisbury, : 
Zimbabwe, or fromthe Association — 
of Commonwealth Universities 
Coppa), ta, Gordon Square, London 


Applications should be submited 
by 3/ August 198]. GDA 















obtained prior to submitting an 
from Director, o- 
























Senior 
Cardiovascular 
Pharmacologist 
(Haemodynamics) 


Haessle is a rapidly expanding research and marketing organisation 
within Astra Pharmaceuticais, Sweden. 





Our activities are internationally oriented and concentrate on the 
development and marketing of drugs for cardiovascular and 
gastrointestinal disease. The research organisation currently has a 
staff of about 300. We now urgently need to fill a new(?) position of 
Senior Pharmacologist (Section Head) within the department of 
Cardiovascular Pharmacology (Head: BLAABLAD). The person in 
this position will be responsible for the section investigating the 
integrated haemodynamic effects of drugs in experimental animals. 


Applicants should hold an advanced degree in science, medicine or 
veterinary medicine and have appropriate experience in 
cardiovascular pharmacologica! or physiological experimental 
research. Documented ability to conduct independent experimental 
work on integrated cardiovascular control mechanism will be 
required, Prior knowledge of Swedish is not necessary. 


Cardiovascular research at Haessle is conducted by teams working in 
close cooperation with internal and external specialists and is 
concentrated on pharmacodynamic studies in the fields of 
hypertension, angina, cardiac failure and cardiac arrhythmias. We 
provide excellent opportunities to develop and maintain international 
-gcientific contacts, as studies on basic cardiovascular mechanisms 
and drug action are conducted in parallel with drug development. 
Furthermore, we work in very close contact with University based 
research groups, particularly at the University of Gothenburg. 


_Haessle laboratories have excellent facilities for experimental work, 
“including computer based control and data acquisition systems for 
integrated haemodynamic studies. Our laboratories are situated in 
_.Molndal, just outside the city of Gothenburg on the west coast of 
“Sweden. The surroundings of the city are noted for their scenic 
attractions and the area provides ample opportunities for those 
interested in cultural events or outdoor pursuits at all times of the 
io year, 


‘For additional. information on the position, the company or just 
life in Sweden, please contact: 


Dr. Nick Boyes or Or. Tony Pottage 

Astra Pharmaceuticals Ltd. | Haessie Research Laboratories 
St. Peter's House Molndal 

2 Bricket Road Sweden 

St. Albans, Herts. 

‘phone 0727 33241 ‘phone 010-46-31/87 01 20 
Applications, including a full curriculum vitae with list of 


publications and the names of two referees, should be sent 


before 30th September, 1981 to: AB Haessle, Personnel 
Department, S-43183 Moindal, Sweden. (9288)A. 
AS TRE &/Haessie 








TECHNICAL EDITOR 
WRITER — PROOFREADER 
BRUSSELS, BELGIUM 


Here is an opportunity for a young scientist to join a small 
dynamic consulting company where rapid advancement is 
possible for a real producer. We need a medically oriented 
science graduate who has excellent communication skills to 
edit, rewrite and check our reports for English, logic 
mathematics and accuracy. The ideal age range is 24 to 34 and 
the location is Brussels, Belgium. The salary will be competitive 
and will be based upon age, relevant qualifications and 
experience. We will pay moving expenses. Please send C.V., 
two references and your telephone number. 


ROBERT S.FIRST,INC. 
19A Avenue Marnix, 1060 Brussels, Belgium. 
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| The University 


of 
Wollongong 


DEPARTMENT 
OF BIOLOGY 


Lecturer in Ecology 


(Limited term appointment 
of 2 years) 


The appointee will be responsible 
for a third year course in Ecology 
and will be expected to contribute 
to other courses in the biology sy!- 
labus. Applicants should possess a 
higher degree and preference may 
be given to a candidate with post- 
graduate experience in Ecology. it 
is expected that the appointee 
should take up the appointment on 
ist February, 1982. A tenurable 
lectureship in this field may be 
advertised towards the end of 1983. 
Further information may be 
obtained from Professor A.D. 
Brown, Chairman, Department of 
Biology. 

Commencing salary, according to 
qualifications and experience will 
be in the range $A19,821 
$A26,037 per annum. Fares to 
Wollongong for the appointee and 
dependents will be paid and a re- 
location allowance is payable. The 
University will consider contribu- 
ting to the cost of repatriation on 
conclusion of the appointment. 
Applications should contain full 
details of qualifications, employ- 
ment history, research interests, 
publications list, and the names and 
addresses of three referees and 
should be forwarded to the 
University Secretary, the Univer- 
sity of Wollongong, Box 1144, PO 
Wollongong, NSW 2500, Aus- 
tralia. Please mark envelope 
‘Confidential — Appointment’. 
Applications close 1st September 
1981. (9323)A 




























UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 
SENIOR RESEARCH 
ASSISTANT 


Applications are invited from 
suitably qualified postdoctoral 
research staff with particular 
interests and expertise in plant tissue 
culture and protoplast techniques, 
plant virology or molecular biology 
to work on an SRC-funded project 
entitled ‘‘Virus-cell interactions and 
the temporal control of gene 
expression upon infection of tobacco 
protoplasts with TMV”. 


The post is tenable for a period of 
up to 16 months from Ist September, 
1981 at an initial salary within the 
range £6,070 — £6,880 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 28th August, 
1981, by The Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX, from whom further 
particulars may be obtained. Quote 
ref. RV/862/N. (9295)A 
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UNIVERSITY OF 
PAPUA NEW GUINEA 
Applications are invited for the post of 
SENIOR 
LECTURER/LECTURER 
IN PHYSIOLOGY 


in the Department of Human Biology 
in the Faculty of Medicine. It is 
expected that the appointee will share 
in the teaching of Physiology, 
undertake research and be actively 
involved in the National Staff 
Development Programme. The 
Department of Human Biology is 
responsible for teaching basic 
medical sciences to undergraduate 
and postgraduate medical and dental 
students. Courses offered include 
gross anatomy, histology, em- 
bryology, neurosciences, medical 
physiology, biochemistry and 
pharmacology, A degree in phy- 
siology and or medicine and a higher 
qualification with teaching 
experience is required. Teaching 
and/or research experience in a 
developing country would be an 
advantage. Salaries: Senior Lecturer 
K17,895 pa. Lecturer Grade Il 
K1i6,045 pa. Lecturer Grade I 
K14,195 pa. In addition, a clinical 
allowance of up to K2,000 pa may be 
payable to registrable medically 
qualified staff who accept some 
clinical responsibilities. (£1 
sterling = K1.28). Medical graduates 
have to supply evidence of their 
qualifications and status for 
registration by the Papua New 
Guinea Board. 


Details will be sent on application. 
Three-year contract; gratuity; 
support for approved research; rent- 
free accommodation; family 
passages; baggage allowance; leave 
fares after 18 months service; 
education subsidies; salary 
continuation scheme to cover 
extended illness or disability. 


Applicants who wish to arrange 
secondment from their home 
institutions will be welcomed. 
Detailed applications (2 copies), 
including a curriculum vitae, a recent 
small photograph and naming 3 
referees, should be sent to the 
Assistant Secretary (Staffing), 
University of Papue New Guinea, 
Box 4820, University PO, Papua 
New Guinea to arrive no later than 16 
September 1981. Applicants resident 
in UK should also send 1 copy to the 
Committee for International 
Cooperation in Higher Education, 
The British Council, Higher 
Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 

ORISA 





Please mention 


nature 


when replying to 
these advertisements 
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UNIVERSITY COLLEGE 
CARDIFF 
DEPARTMENT OF BIOCHEMISTRY 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for an SRC- 
Spensored Postdoctoral appoint- 
ment for work on Bacterial Alcohol 
Dehydrogenase Enzymes. The 
appointment will be for 3 years and 
the appointee will join Professor K S 
Dodgson’s research group in Studies 
on the Biodegradation of Sur- 
factants. Salary within R & A Staff 
Range IA £6,070 — £6,880 pa. Duties 
to commence Ist October cr as soon 
as possible. 


Applications, (two copies), 
together with the names and 
addresses of two referees should be 
sent to the Vice-Principal 
(Administration) and Registrar, 
University College, PO Box 78, 
Cardiff CF1 1XL, from whom 
further particulars can be obtained. 
Closing date 10th September 1981. 
Ref: 2262. (9291)A 


UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth 
BOTANY 
Applications are invited for appointment as 
RESEARCH 
OFFICER/RESEARCH 
FELLOW (TEMPORARY) 
IN 


SEAGRASS ECOLOGY 


in the Department of Botany. This 
appointment, for twelve months in 
the first instance, with the prospect of 
continuation for a further twelve 
months, will be to study the ecology 
of seagrasses in Shark Bay, Western 
Australia and will be required to give 
attention to plant production and 
leaf turnover rates, at specific sites, 
and from these assess the significance 
of the seagrasses to carbon, nitrogen 
and phosphorus cycling in the 
system. The appointee will join a 
small interdisciplinary team working 
especially on carbon flux, and 
concerned with water movement, 
grazing, community structure, and 
contributions to sedimentation. 
Applicants must have a relevant 
degree and practical experience. A 
higher degree is necessary for 
appointment at Research Fellow 
level. Further information may be 
obtained from the Head of the 
Department of Botany. 


Current salary ranges: Research 
Officer — $414,351 — $A18,134 per 
annum; Research Fellow — 
$A17,083 — $A19,821 per annum. 
Some financial assistance may be 
available for fares and other 
appointment expenses. 


Applications in duplicate stating 
full personal particulars, qualifica- 
tions, experience and earliest possible 
starting date should reach the Acting 
Staffing Officer, University of 
Western Australia, Nedlands, 
Western Australia, 6009 by 19th 
September 1981. Candidates should 
request two referees to write 
immediately to the Acting Staffing 
Officer. MIDA 
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THE UNIVERSITY 
OF LEEDS 

DEPARTMENT OF 

PLANT SCIENCES 
Applications are invited for a post of 

RESEARCH FELLOW 
in Cell Recognition to join an 
established research group in the 
above Department concerned with 
gamete recognition systems in 
algae. The work will involve iso- 
lation and characterization of 
fertilization receptors. The appoint- 
ment will be made for a fixed period 
of up to one year and six months. 
Applicants should have, or shortly 
expect to receive, a PhD, preferably 
in the area of cell biology or bio- 
chemistry (plants or animals). 
Salary within the range £6,070 to 
£7,290 on the IA scale for Research 
and Analogous Staff {£6,070 to 
£10,575). 
Application forms and further 
particulars may be obtained 
from the Registrar, The 
University, Leeds LS2 9JT, 

quoting reference number 
B3/ 18/D. Closing date for appli- 
cations 3rd September 1981. 
(933 1)A 








LINCOLN COLLEGE 
Canterbury, New Zealand 


LECTURER/SENIOR 
LECTURER IN ANIMAL 
SCIENCE 
(Growth and Development} 


The Council of Lincoln College, 
University College of Agriculture, 
Canterbury, New Zealand, invites 
applications for appointment to the 
position of Lecturer/Senior Lecturer 
in Animal Science (Growth and 
Development) in the Animal Science 
Department within the Animal 
Sciences Group. 


Applicants should hold a degree in 
Agricultural Science or its equivalent 
and postgraduate experience in the 
field of growth and development in 
animals. The appointee will be 
expected to contribute to the teaching 
programme of animal science to 
students at degree and postgraduate 
levels, and to contribute to the 
research programmes of the 
department in the fields of animal 
nutrition and disease and sheep 
breeding. 


The successful candidate will be 
appointed as Lecturer or Senior 
Lecturer at a salary commensurate 
with his/her qualifications and 
experience. Current academic salary 
scales are: Lecturer NZ$19,140 — 
$23,520; Senior Lecturer NZ$24,110 
~— $27,589 Bar — NZ$30,035. 


Travel and removal expenses will 
be reimbursed to specific limits. New 
Zealand Government Super- 
annuation will be available. 


Conditions of Appointment giving 
further details of this position may be 
obtained from the Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Registrar of 
the College. 


Applications close on 16 October 
1981. (9269A 








THE AUSTRALIAN NATIONAL UNIVERSITY 


Applications are invited from suitably qualified persons for appointment 
to the following positions: 


RESEARCH SCHOOL OF EARTH SCIENCES 
Fellow in Mineral Physics 


An appointment is sought in the Petrophysics Group in the field of: 
mineral physics, specifically in elastic and anelastic properties of rocks. 
and minerals. The successful applicant will be expected to be 
responsible for research in this area and in particular to develop high 
pressure, high temperature experimental studies relevant to the. 
velocities and attenuation of seismic waves in rocks, Previous 
experience is essential. The laboratory is well-equipped for work at 
ultrasonic frequencies and equipment is being built for seismic 
frequencies. 

CLOSING DATE: 30 September 1981. 


RESEARCH SCHOOL OF PHYSICAL SCIENCES 


Professorial Fellow in 
Nuclear Physics 


The Department of Nuclear Physics carries out work in nuclear 1 
structure physics and has an academic staff of 18 headed by Professor: | 
J.O. Newton, FAA. At present the principal fields of study are heavy ion: | 
included Coulomb excitation and reactions, including fusion, fission 
and transfer, and high angular momentum phenomena through heavy. 
ion, xn reactions. The major accelerator is the 14UD peliertron tandem 
(14 MV terminal). An Enge splitpole spectrometer, equipped with focal: 
plane detector, is available. The successful candidate will be expected 
to provide leadership in the first of these fields. Appointment will take 
effect from early 1982. 

CLOSING DATE: 30 September 1981, 


Senior Fellow/ Fellow in 
Astrophysics 


The Mount Stromio and Siding Spring Observatories (Director: 
Professor D.S. Mathewson) has its main lines of research on the 
evolutionary problems in global clusters, the interstellar mediun, 
galactic structure, the Magellanic Clouds, external galaxies and radio 
sources. Applicants should be in the field of observational extragalactic 
astronomy. Appointment will take effect from early 1982. 

CLOSING DATE: 37 August 1987, or as soon as possible thereafter. 


Postdoctoral Fellows 


A number of Postdoctoral Fellowships are available in the Research | 
School of Physical Sciences. In addition to the above, the School has 
Departments of Applied Mathematics, Engineering Physics, 
Mathematics, Solid State Physics, Theoretical Physics and the Plasma, 
Research Laboratory and the Atomic and Molecular Physics | 
Laboratories, the latter comprises three units — the Diffusion Research. 
Unit, the Electron and ion Diffusion Unit and the Ultraviolet Physics’ 
Unit. Applicants should hold, or expect to have completed by | 
mid-1982, a PhD degree or equivalent qualification and normally be- 
under the age of 30 at the time of application. Appointments will take. 
effect from mid-1982 and will be for two years only. 

CLOSING DATE: 30 September 1981. 

Salary on appointment will be in accordance with qualifications and | 
experience within the ranges: Professorial Fellow $A38562 p.a; Senior 
Fellow $A30994-$36125 p.a; Fellow $A23104-$30952 p.a; Postdoctoral 
Fellow — a fixed point within the range $A19821-$25871 p.a. Present 
exchange rates are: $A1 = £Stg.0.60; $US1.14. 

Appointment, unless otherwise stated, will be: Professorial Fellow 
immediately to retiring age; Senior Fellaw/ Fellow initially for 5 years- 
with the possibility after reviewing of reappointment to retiring age. 
Reasonable travel expenses are paid and assistance with housing is 
given for an appointee from outside Canberra. Superannuation benefits © 
are available for applicants eligible to contribute. The University 
reserves the right not to make an appointment or to make an` 
appointment by invitation at any time. 

Prospective applicants should obtain the further particulars from the 
Registrar, PO Box 4, Canberra ACT 2600, Australia, or from the | 
Association of Commonwealth Universities (Appts), 36 Gordon 
Square, London WC1H OPF before submitting applications. 


(9318) A 







































Drug Discovery 
GRADUATE BIOCHEMIST 


Hoechst, one of the largest pharmaceutical companies in the world, 
seeks a Biocnemist to work in its modern research laboratories at 
Milton Keynes. 


The position will be suitable for a graduate in biochemistry with an interest 
in the biological evaluation of compounds and, ideally, possessing 2-3 years 
industrial experience associated with the use of in vitro biochemical 
procedures. 


The person, male or female, whom we select will have the opportunity to 
play an important role in a multi-disciplinary team of biochemists, 
pharmacolocgists and synthetic chemists seeking to identify potential drugs 
with new modes of action. 


Salaries and conditions are of the high order to be expected from a world 
leader and include a contributory pension scheme with free life assurance, 
free membership of PPP, subsidised staff restaurant, flexitime working and a 
generous allowance for relocation where appropriate. 


Accommodation for rent or for purchase is available in the new town of 
Milton Keynes. 


Please write or telephone for an application form to: Adrian Forrest, 
Personnel Department, Hoechst UK Limited, Walton Manor, Walton, 


Milton Keynes, Bucks. Tel: Pineham 5068. 
Hoechst 








(9334)A 
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Ss CARCINOGENESIS- a alc 
MUTAGENESIS 
lly OF Two positions available immedi- in the Procter Department of Food 
ately (as well as two later) for Science for work on an SERC 
POST DOCTORAL persons with strong background in funded project on the simulation of 
RESEARCH FELLOW molecular biology, biochemistry, particle dynamics in concentrated 













Applications are invited for two 
Post Doctoral Research Fellow 
posts commencing 1 Octcber, 
1981 on two year contracts, The 
first (ref PP1) will involve work on 
the synthesis of anti microbial 
dolabellane natural products, the 
post will also involve some super- 
vision of research students. The 
second post (ref PP2) will involve 
work on the synthesis of 
quassinoids as potential anti 
cancer agents. 

Starting salaries in the range 


colloidal dispersions. A PhD, 
together with experience in com-! 
puter simulation and/or statistical 
mechanics is required. Previous 
experience in colloid chemistry is 
desirable but not essential. The 
post is available from 1 October 
1981 for a fixed period of up to two 
years. 

Salary in the range £6,070 — £7,700 
on ÍA scale for Research and 
Analogous Staff (£6,070 — 
£10,575), according to age, 
qualifications and experience. 


biophysics or microbiology to 
investigate in diploid human cells in 
culture the molecular mechanisms 
of radiation and chemical car- 
cinogen-induced mutagenesis and 
oncogenic transformation. The 
multidisciplinary approaches used 
include comparative studies in cells 
which differ in DNA repair capa- 
bilities; determination of the nature 
of the DNA lesions responsible for 
the biological effects; gene 
isolation, cloning and sequencing; 
and site specific mutagenesis. 
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| Research Fellow $A19,821 
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THE AUSTRALIAN 
NATIONAL UNIVERSITY 
THE JOHN CURTIN SCHOOL OF 

MEDICAL RESEARCH 
DEPARTMENT OF 
CLINICAL SCIENCE 
SENIOR 
RESEARCH FELLOWS 
OR 
RESEARCH FELLOWS 
(3 posts) 

Three new positions are offered in the 
developing research areas of 
intestinal inflammation and the 
molecular basis of tissue injury in 
human beings. Proven ability in 
original research is essential and 
experience in one of the following 
areas will be an advantage: (1) 
regulation of secretion and activity of 
neutral proteases from inflammatory 
cells; (2) cell-mediated aspects of 
mucosal immunity; (3) integration of 
hormonal control of intestinal 

motility. 


Appointment: two years initially, 
with possible extension to maximum 
of five years. Salary in accordance 
with qualifications and experience 
within the range: Senior Research 
Fellow $427,684 — $A33,021 pa; 
$A25,871 pa. Salary loading of up to 
$A5,000 may be paid for appropriate 
medical qualifications. Current 
exchange rate: $A1 = £Stg.0,60. 


Reasonable appointment expenses 
paid, superannuation scheme and 
assistance with finding accommo- 
dation. 


The University reserves the right 
not to make an appointment or to 
make an appointment by invitation at 
any time. 


Further information from the 
Registrar of the University, PO Box 
4, Canberra ACT 2600, Australia, or 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF. 


Applications to the Registrar by 30 
September 1981, (9340)A 





UNIVERSITY 
OF BRISTOL 


DEPARTMENT OF 
ANATOMY 
Applications are invited from a 
recent 


GRADUATE 


in biomedical sciences for the post of 
Research Assistant, Department of 
Anatomy. The successful applicant 
would join a small research team 
investigating the role of the nervous 
system in birth. No previous 
experience is necessary but a basic 
knowledge of nervous physiology 
would be beneficial. The post is 
supported by the Medical Research 


£6,070 to £6,880 per annum plus 
USS benefits. 

Applications (2 copies) with curri- 
culum vitae and the names of 2 
referees should be sent as soon as 
possible to Dr P Parsons, 
Department of Chemistry, The 
University, Highfield, Seuth- 
ampton SO9 SNH. Please quote 
ref:N i 









(9337)A 
























Send application, including cur- 
riculurn vitae, reprints, and letters 
of recommendation to: Ors. J. 
Justin McCormick or Veronica M. 
Maher, Co-Directors Carcino- 
genesis Laboratory-Fee Hall, 
Michigan State University, East 
Lansing, Mi 48824. MSU is an 
Affirmative Action/Equal Opport- 
unity Institution. INWBI12)A 





Council for three years. Starting 
salary £5,285 per annum. 


Applications, including cv and 
names of two referees, should be sent 
to Dr A J S Summerlee, School of 
Veterinary Science, Park Row, 
Bristol BSI SLS by 21st August, 
1981. For further information please 
telephone Bristol (0272) 24161 ext 
616, mornings only. {(9286)A 


Informai enquiries may be made to 
Dr E Dickinson (0532 31751 ext 
389). 

Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds 
LS2 OJT, quoting reference 
number 72/8/D. Closing date for 
applications 4 September 1981. 

(9319)A 
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THE ROYAL SOCIETY 
GUEST RESEARCH 
FELLOWS 


The Council of the Royal Society 
invites applications for the support of 
Guest Research Fellows. The object 
of this scheme, established in 1980, is 
to assist outstanding leaders in 
research in the United Kingdom to 
invite guests of proven ability from 
overseas to come and work with them 
for periods of at least four months 
and not exceeding two years. The aim 
is to meet the research needs of an 
individual through international 
collaboration and the emphasis in 
selection will be on the abilities and 
field of research of applicants. 


Applicants (who must be working 
in laboratories in United Kingdom) 
should provide: 


(a) An outline in not more than 1000 
words of their present research and 
their proposals for developing it, 
together with a brief curriculum vitae 
(including date of birth and 
nationality) and list of their last six 
major publications. 


(b) A statement explaining why their 
research would be significantly 
assisted by the presence of a Guest 
Research Fellow or Fellows. Initially 
it is not essential for applicants to 
name the person it is proposed to 
invite, but they should state clearly 
why international collaboration is 
needed. This may or may not involve 
identifying the laboratory from 
which the Guest Research Fellow will 
come. 


(c) The proposed dates of the visit 
with an estimate of costs and an 
indication of likely support from 
other sources. Royal Society support 
may include a basic maintenance 
allowance related to university 
lecturer scales, one return air fare and 
an additional one if the visit is for a 
full academic year or longer, and 
other expenses such as local travel 
and special research expenses. 


(d) The names of two referees 
external to each applicant’s group. 


Applications should be made by 
letter addressed to the Executive 
Secretary (CRF/UMAM), The Royal 
Society, 6 Carlton House Terrace, 
London SW1Y 5AG, and be received 
not later than 30 September 1981. 

(9301)A 


FRESHWATER 
BIOLOGICAL ASSOCIATION 
BIOMETRICIAN/ 
STATISTICIAN 


required for Windermere Laboratory 
to initiate research in biometry as 
applied to pupulation dynamics of 
benthos, plankton and fish, sampling 
freshwater organisms and chemical/ 
physical variables and experimental 
studies in collaboration with bio- 
logists and chemists. Minimum of 2.1 
honours degree in statistics/bio- 
metry/mathematics or science degree 
plus statistical training or experience. 
Conditions analogous to HSO/SSO 
in Civil Service, starting salary 
between £6,075 and £7,644 pa. 


Full details: Secretary, FBA, The 
Ferry House, Ambleside, Cumbria 
LA22 OLP (096 62 2468). Closes 7 
Sept. (9314)A 








UNIVERSITY OF PAPUA 
NEW GUINEA 
Applications are invited for the post of 
SENIOR LECTURER/ 
LECTURER IN PHYSICS 
(Electronics and General 
Physics) 
tenable from January 1982. The 
appointee will be expected to teach 
undergraduate courses in electronics 
and related topics, and to share in 
teaching introductory Physics. 
Applicants should preferably have 
teaching experience in these areas. 
The Department has a well equipped 
electronics workshop and has 
research activity in upper atmosphere 
physics, agricultural meteorology, 
thunderstorms and geomagnetism. 
An interest and experience of one of 
these, while not essential, will be 

considered and advantage. 


Salaries: Senior Lecturer K17,895 
pa. Lecturer Grade H K16,045 pa. 
Lecturer 1K 14,195 pa. (£1 sterling = 
K1.28). Three-year contract; 
gratuity; support for approved 
research; rent-free accommodation; 
family passages; baggage allowance; 
leave fares after 18 months service; 
education subsidies; salary 
continuation scheme to cover 
extended illness or disability. 


Applicants who wish to arrange 
secondment from their home 
institutions will be welcomed. 


Detailed applications (2 copies), | 


including a curriculum vitae, a recent 
small photograph and naming 3 
referees, should be sent to the 
Assistant Secretary (Staffing), 
University of Papua New Guinea, 
Box 4820, University PO, Papua 
New Guinea to arrive no later than 
15th September 1981. Applicants 
resident in UK should also send 1 
copy to the Committee for 
International Cooperation in Higher 
Education, The British Council, 
Higher Education Division, 90/91 
Tottenham Court Road, London 
WIP ODT. Further details are 
available from either address. 
(9309)A 





MANCHESTER AREA 
HEALTH AUTHORITY 
(TEACHING) 

South District 
CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 
JUNIOR B TECHNICIAN 


to work on the measurement of 


steroid hormone receptors in breast 
cancer, The successful applicant will 
join a team studying this disease and 
will be responsible for the routine 
assay of clinical samples. Previous 
experience in steroid receptor 
analysis or radioimmunoassay would 
be an advantage but is not essential. 


Salary dependent upon quali- 
fications and experience. Day release 
for further study would be granted. 


For an application form please 
apply to the Sector Administrator, 
Christie Hospital and Holt Radium 
Institute, Wilmslow Road, 
Withington, Manchester M20 9BX. 
Tel: 061-445 8123 ext 206. Closing 
date: 4th September, 1981. 

{(9313)A 


























Chemist 


Carbohydrate 


Divisions. 





Applicants should have a good first degree in chemistry, 
ideally followed by a PhD, plus at least 5 years’ proven 
experience in synthetic carbohydrate chemistry. 








UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF ANATOMY 
AND EMBRYOLOGY 
TECHNICIANS 


required to work in the research 
group under the direction of 
Professor G Burnstock. 


Grade 3: required to work on a | 


three-year grant-supported project 
involving several techniques. 
Experience in biochemistry, 
histology, electrophysiology or 
electronmicroscopy would be 
advantageous. Starting salary £4,933 
pa plus London Weighting £1,016. 
Quote reference FB.4. 


Grade 6: with experience in 
biochemical assays to work in 
established techniques for the 
estimation of neurotransmitters and 


related enzymes and to take part in | 


the development of new assays. Will 


be required to assist in the routine | 


maintenance of a neurochemistry 
laboratory. This post is grant- 
supported and is for a period of one 
year in the first instance with the 
possibility of renewal. Starting salary 


£6,532 pa plus London Weighting | 


£1,016. Quote reference FB.6. 


Applications, together with 


curriculum vitae and the names of | 
two referees to Personnel Officer | 


(Technical Staff), University College 
London, Gower Street, 
WCIE6BT. (9292}A 


Synthetic Organic 


This is an outstanding career opportunity for an innovative 
and highly self-motivated research specialist at the newly 
established Lord Zuckerman Research Centre, set-up by Cadbury 
Schweppes on the campus of the University of Reading, one of 
Europe’s leading centres of food science and technology. 


The Centre, a major investment vital to the company's 
future growth, is responsible for fundamenial research into 
projects relevant to Cadbury Schweppes’ business as a whole and 
| for new projects which fall outside the scope of the operating 


The successful man or woman will undertake a major 
project and will be given every opportunity to develop and 
progress, both personally and professionally. 


The salary and benefits are extremely competitive and will 
reflect the importance we attach to this position, 


Cadbury Schweppes 


London | 


Research 


Please write with brief personal and 
career details to Mrs P M Carvosso, 
Personne! Department, Cadbury 
Schweppes Limited, Leconfield 
House, Curzon Street, London 
WIY TEP. (F435jA 





THE UNIVERSITY 
OF SHEFFIELD 


H 
| | CASE STUDENTSHIP IN THE 
DEPARTMENT OF PHYSICS 

Applications are invited from} 
graduates with a Class | or iHi. 

| honours degree in physics, j` 

| | materials science or electronic 

| | engineering, for a SERC CASE 

| award in collaboration with AERE, 

| | Harwell, to study ion implantation. 
in amorphous silicon and related 
materiais. The successful 
candidate will join an established 

| group in the field of amorphous) 

F 

| 

H 
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|w 
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i 

| 

| 

H 





semiconductors especially 
interested in the study of ei and 
electeo-luminescence, pe laser 
and related opto-electranic 
techniques. The objective is to| 
clarify the relationships of impurity | 
and defect states in ee 
materials. The group collaborates 
actively with a number of workers | 
Lin the device field, interested, for 





example, in solar ceils and large 
vite displays. The CASE project: 


| 
(wil nvolve a wide range of so! tia) ; 





epi technigues with ahaa on 
the physics of these materials and 
should lead toa PhO. Starting date: 
Stipend: SERC 


i 





1 Ostober 1981. 


postgraduate rate plus about £600) 
p.a. Apply to Dr TM. Seare/ LG. 
Austin with cv, Department of 
Physics, the University, Sheffield 





| 
i 





DIRECTOR OF 
CLINICAL RESEARCH 
INTERFERON PROGRAM 











Shell has an immediate opportunity for a 
director of clinical research as the Cetus- 
Shell Interferon Program moves into clin- 
ical testing. This director will have over- 
all responsibility for developing strategy, 
and for conducting and managing clinical 
studies on interferons. The clinical direc- 
tor will also provide advice and recom- 
mendations to the Shell and Cetus man- 
agements on all aspects of the program, 
including the development of in vitro 
tests for product efficacy. 

Requirements: M.D. with experience 

in Phase I, Phase I! drug development. 
Background in oncology/ virology is 


advantageous. 


Letter of application and curriculum vi- 
tae should be sent in confidence to: R&D 
Director—Interferon, Shell Oil Com- 
pany, 901 Grayson, Berkeley, California 


94710. 


(NW805)A 


Equal Opportunity Employer M/F 


UNIVERSITY 
OF OKLAHOMA 


DEPARTMENT OF 
CHEMISTRY 


CRYSTALLOGRAPHER 


Applications are invited for this 
permanent, non-tenure track staff 
position to operate and maintain 
x-ray diffractometer (nonius cad-4) 
with primary responsibility for per- 
forming single-crystal x-ray structure 
determinations for chemistry 
research groups. 


Salary commensurate with 
experience (18,000 dollars — 20,000 
doliars per year). Successful appli- 
cant should have PhD or equivalent 
in chemical crystallography, 
experience in structure determination 
using single crystal x-ray diffraction, 
ability to operate and maintain an 
automatic diffractometer, 
knowledge in diffractometry and 
diffraction equipment, experience 
with mini-computer software 
applicable to automatic diffract- 
ometers and in writing analytical 
software for larger computers, ability 
to communicate with students and 
faculty about crystallographic 
problems, and experience in indepen- 
dent research, research publication in 
x-ray diffraction and in writing for 
research publications. 


Positions available immediately. 
Send résumé and three letters of 
recommendation to chairman, 
Crystallographic Search Committee, 


Department of Chemistry, 
University of Oklahoma, 620 
Parrington Oval, Norman, 


Oklahoma 73019 by October 1, 1981. 


An affirmative action/equal 
opportunity employer. (NW814)A 





| 
| 
i 
i 
| 
| 





UNIVERSITY OF MUNICH 
DEPARTMENT OF ZOOLOGY 
C2 PROFESSOR IN 
DEVELOPMENTAL 
BIOLOGY 


Applicants should have PhD, post- 
doctoral research and teaching 
experience (Habilitation or 
equivalent) and be fluent in German. 
Research interests should involve 
genetic or biochemical aspects of cell 
differentiation and pattern 
formation in lower eucaryotes. 


Send curriculum vitae, list of 
publications, a short description of 
research interests and the names of 3 
references before September 30, 
1981, to the Dean, Faculty of 
Biology, University of Munich, 
Zoology Department, Luisenstrafe 
14, D-8000 Miinchen 2. 

(W399)A 


UNIVERSITY 
COLLEGE CARDIFF 


DEPARTMENT OF 
ANATOMY 


BURSARY 


Applications are invited from UK 
graduates for a Bursary in the above 
Department tenable in the first 
instance for one year but renewable 
up to a total of three years. While 
researching within the field of the 
Anatomical Sciences the incumbent 
would have the opportunity to work 
for a higher degree. Index-linked 
stipend of £2,460 includes a fee for 
limited teaching duties. 


Applications, together with the 
names and addresses of three 
referees, should be forwarded to 
Professor J D Lever, Department of 
Anatomy, University College, PO 
Box 78, Cardiff CF1 IXL by 28th 
August 1981. Ref: 2260. (9339A 


| 








SOUTH AFRICAN MEDICAL 
RESEARCH COUNCIL 
TUBERCULOSIS RESEARCH 
INSTITUTE 
(Pretoria, South Africa) 
Applications are invited from suitably 


qualified persons for the following two 
posts: 


POST 1: 
MICROBIOLOGIST/ 
IMMUNOLOGIST 


A vacancy exists for a Chief Research 
Officer to participate in research with 
a multi-disciplinary team consisting 
of bacteriologists, epidemiologists, a 
statistician and consulting clinicians 
and radiologists. 


Requirements: A PhD or DSc, 
experience in medical microbilogy or 
immunology will be a recommenda- 
tion. 


POST 2: 
BIOLOGIST/DATA 
ANALYST 


A Research Officer is required to 
participate in and later manage 
projects in connection with health 
surveys, disease risks and the analysis 
of data obtained from medical and 
paramedical services. 


Requirements: Msc, BSc (Hons) 
graduate or BSc with experience in 
one of the biological fields such as 
microbiology, physiology, zoology, 
etc with a knowledge of data analysis. 
Computer programming ability 
would be useful (but is not essential). 


Further particulars and applica- 
tion forms are obtainable from the 
South African Universities Office, 
Chichester House, 278 High 
Holborn, London WC1V 7HE. Tel: 
242 1766. 


General: The MRC is nationally 
responsible for medical research in 
South Africa in terms of an Act of 
Parliament. Its head office is near 
Cape Town with research institutes 
and laboratories situated throughout 
the country. 


The MRC offers a five-day week, 
an academic environment, excellent 
opportunities for research and 
further study, group life insurance 
scheme, pension and medical 
schemes, a service bonus, generous 
vacation and sick leave and a housing 
subsidy for those who qualify. 

(9303)A 





UNIVERSITY OF 
EAST ANGLIA 
Norwich 
POSTDOCTORAL SENIOR 
RESEARCH ASSOCIATE 


required in the School of Biological 
Sciences to investigate genetics of 
mating recognition by song within 
and between sibling species of grass- 
hopper and its relation to allozyme 
differences. An interest in quan- 
titative genetics is desirable but not 
essential. The appointment is sup- 
ported by a 3 year SERC grant and 
salary in the range £6,880 — £7,700 
per annum. 


Applications including a curri- 
culum vitae and naming two referees 
should be sent to Dr G M Hewitt, 
Biological Sciences, UEA, Norwich 
NR47TJ by 28th August, 1981. 

(9342)A 
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UNIVERSITY OF 
FORT HARE 
Republic of South Africa 
PROFESSOR AND HEAD 
OF THE 
DEPARTMENT OF 
MICROBIOLOGY 


Applications are invited from 
suitably qualified candidates for the 
above post. 


Minimum requirements: A 
Doctorate and preferably teaching 
experience, Candidates must be able 
to lecture through the medium of 
English. 


Assumption of duty: As soon as 
possible. Closing date for 
applications: 4th September 1981. 


General: The University of Fort 
Hare is situated near Alice in the 
Ciskei. Persons who are not South 
African Citizens can only be 
appointed on contract basis, which is 
usually for an initial period of three 
years renewable thereafter for 
further three year periods. 


Salary: Professor — R17,100x 
R750 — R18,600 x R900 — R22,200. 


Additional Fringe Benefits: The 
following benefits are available 
subject to certain conditions: Group 
life assurance; medical aid; pension 
scheme; service bonus; territorial 
allowance; generous leave and sick 
leave benefits and generous 
assistance towards university training 
of employees’ children in the 
Republic of South Africa. 


Applications including a complete 
curriculum vitae and the names and 
addresses of at least three referees, 
should be addressed to: The Staff 
Officer, University of Fort Hare, 
Private Bag 1314, Alice 5700, 
Republic of South Africa. Tele- 
phone: 281 Alice, Telegraphic 
address: Unifort Alice.  (9302)A 





POST DOCTORAL 
POSITION 
To study structure/function 
relationships in contractile proteins. 
Experience in protein modification 
and characterisation desirable. 


Send curriculum vitae and two 
letters of reference to Dr M Burke, 
Department of Biology, Case 
Western Reserve University, 
Cleveland, Ohio 44106, (NW813)A 
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UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 
DEPARTMENT OF BOTANY 
SENIOR LECTURER/ 
LECTURER IN PLANT 
PHYSIOLOGY 


Applications are invited from 
suitably qualified persons, regardless 
of sex, race, colour or national 
origin, for appointment to the above 
post. 


Preference will be given to 
zandidates with specialist interests in 
ane or more of the following areas; 
physiology of growth substances and 
plant growth and development; 
scophysiology; and plant water 
relations, as well as a good general 
botanical background in order to 
participate in the first year teaching 
programme. 


Duties are to be assumed on Ist 
Feburary 1982, or as soon as possible 
thereafter. 


The salary attached to the appoint- 
ment will be in the ranges: Senior 
Lecturer: R14,370 — R20,850 pa. 
Lecturer: R10,995 — R19,230 pa. 


The initial salary and level of 
appoitment will be determined 
according to the qualifications and 
experience of the successful 
zandidate. An annual service bonus 
in accordance with existing 
Government regulations is also 
payable. 


Interested persons are invited to 
obtain the information sheet relating 
to this post from the London Rep- 
resentative, University of the 
Witwatersrand, Chichester House, 
278 High Holborn, London WCIV 
JHE, or from the Registrar 
(Staffing), University of the 
Witwatersrand, Jan Smuts Avenue, 
Johannesburg, South Africa 2001, 
with whom applications should be 
todged by 30 September 1981. 

(9306)A 


UNIVERSITY OF LONDON 
Institute of Neurology 
DEPARTMENT OF 
NEUROCHEMISTRY 
POST-DOCTORAL WORKER 
(Grade 1A) 
required in a team working on 
metabolism and role of 5-HT (and 
related topics) and supported until 
July 1984 by MRC programme grant. 
Experience in at least one of the 
following fields essential: neuro- 
chemistry, neuropharmacology, 
behaviour. The successful applicant 
will mainly study the effects of 
hormonal and nutritional status on 
transmitter metabolism and on 
behaviours due to transmitter 
release. Initial salary on scale £7,037 
— £11,542 including London 

Allowance. 


Applications with CV and names 
of two referees to Professor 
G Curzon, 33 John’s Mews, London 
WC1, by 15 September 1981. 

(9325)A 








13 August 198] 


THE LINNEAN SOCIETY 
OF LONDON 


PLANT TAXONOMIST 


Applications are invited for the post 
of Plant Taxonomist to undertake 
the compilation of a critical 
catalogue, for eventual publication, 
of the type specimens of Linnaean 
plant species. The work, which will 
result in a much needed source of 
reference for taxonomic botanists 
throughout the world, will provide an 
exceptional training opportunity in 
formal taxonomy and nomenclature. 


The project is supported by a grant 
from the SRC and will be based in the 
Department of Botany, British 
Museum (Natural History), under 
the supervision of Professor W T 
Stearn and Dr N K B Robson. 
Employment will be on the basis of a 
three-year contract, with the possi- 
bility of further extension. 


Starting salary will be £6,986 
(under review) plus £1,016 London 
Weighting, and work will commence 
at the earliest possible date after Ist 
October 1981. The successful 
candidate will probably have a degree 
in Botany or in some related field, but 
graduate qualifications are not 
essential. Practical experience as a 
taxonomist dealing with day to day 
problems in nomenclature would be a 
special recommendation. Back- 
ground experience in librarianship 
and bibliography might also be 
helpful. 


Applications with full curriculum 
vitae and two references should be 
sent by 7th September 1981 to: The 
Executive Secretary, The Linnean 
Society of London, Burlington 
House, Piccadilly, London WIV 
OLQ. Further information on the 
project can be obtained from Dr 
Robson or Mr Cannon at the British 
Museum (Natural History). Tel: 
01-589 6323. (9329)A 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF GENETICS 
POST GRADUATE 
RESEARCH ASSISTANT 


Applications are invited for this 
MRC-funded post tenable for 3 years 
from 1 October, 1981 to work on the 
biochemical and genetic analysis of in 
vitro genetic recombination in 
bacterial viruses under the 
supervision of Professor D A Ritchie. 
Candidates should have a good 
Honours degree in Biochemistry, 
Genetics or Microbiology and an 
interest in microbial genetics. There 
will be an opportunity to register fora 
higher degree. 


Initial salary £5,285 per annum. 


Applications, together with the 
names of three referees, should be 
received as soon as possible. The 
Registrar, The University, PO Box 
147, Liverpool L69 3BX, from whom 
further particulars may be obtained. 
Quote Ref: RV/860. (9290)A 








AY 








Graduate 
Chemist 


£8,959 — £9,811 


advantage. 


Metropolitan Water Services. 





Thames 





for the New River Head Laboratories of the Directorate of 
Scientific Services. You will be concerned with the 
analysis of trace organic compounds in water and you 
should have proven experience of organic analysis in 
general and of modern chromatography and related 
techniques in particular. Experience in gas 
chromatography/mass spectrometry would be an 


Much of the work to be carried out forms part of the 
Authority's research programme and together with other 
duties, will be under the direction of the Manager, 








The post is open to men and women and application 
forms may be obtained from the Regional Manager 
(Manpower), New River Head, London EC1R 4TP, 
telephone 01-837 3300 ext 2024 


s (9307)A 


er 





DARTMOUTH MEDICAL 
SCHOOL 
Hanover, New Hampshire 
IMMUNOLOGY PROGRAM 
POSTDOCTORAL 
RESEARCH ASSOCIATE 


Two postdoctoral positions are open 
as of January-July, 1982 for research 
on T-cell growth factor and the 
regulation of T- and B-cell function. 
Experience in cellular immunology, 
the long-term culture of T-cells, 
biochemistry, and/or hormone- 
receptor interaction is desirable. The 
appointment will be for a minimum 
of two years, Salary is negotiable 
depending on experience. 


Send curriculum vitae and two 
letters of reference to: Dr Kendall 
A Smith, The Basel Institute for 
Immunology, 487 Grenzacherstrasse, 
CH 4058 Basel, Switzerland. 


An Equal Opportunity/ Affirmative 
Action Employer. (NW807)A 


























UNIVERSITY OF BRADFORD | 


RESEARCH ASSISTANT | 
in Chemical Engineering =| 
(fixed-term appointment = 
3 years) 

Applications are invited from 
graduates in Science, Electrical 
Engineering or Chemical Engin- 
eering to work as part ofa team ona 
project concerned with liquid 
separation in electrostatic fields. 
The appointrnent is supported by 
the SERC. Opportunity to register | 

for a higher degree. Starting salary, 
£5,285 pa. Superannuabie. 
Further particulars and application 
forms are available from the 
Personnel Secretary, University of 
Bradford, West Yorkshire BD? 
1DP. (Ref: RA/CHE/SERC/3/N). 
Informal enquiries to Dr P J Bailes, | 
School of Chemical Engineering, 
9312A 














HILL FARMING RESEARCH ORGANISATION 
| Scientific Officer/ Higher Scientific Officer 




























cattle. 


appointment at H.S.0. 
scale £4,809 to £6,480. 
£6,075 to £7,999. 


than 11th September 1981. 


The successful applicant will be expected to take up an innovative role 
within a small group working in the Beef Production Section. This 
research programme is largely concerned with the effects of nutrition 
on the components of cattle production. There will be opportunities for 
studies of both juvenile and adult animals, to engage in metabolic 
investigations and to become involved in werk on systems research, 

Qualifications: First or upper second class honours degree or equivalent 
in a relevant branch of science, preferably including Ruminant Nutrition 
or a related subject and some relevant post qualifying experience. At 
least two years relevant post qualifying experience required for 


Salary: SCIENTIFIC OFFICER, according to qualifications within the 
HIGHER SCIENTIFIC OFFICER, commencing £6,075. The scale is fram 


The salary scales are at present under review. 

Other Conditions: Non contributory Superannuation Scheme. 

Scientific Officer - 20 days annual leave 

Higher Scientific Officer ~ 22 days annual leave 

Further particulars and application forms from the Secretary, 

Hill Farming Research Organisation, Bush Estate, Penicuik, 

Midlothian EH26 OPY to whom they should be returned not later 
(9. 


Applications are invited for a Scientific Officer/ Higher Scientific Officer 
to join a research group working on the nutrition of hill and upland beet 


OBA 
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M.R.C. CLINICAL RESEARCH CENTRE 
(NORTHWICK PARK HOSPITAL) 
Watford Road 

Harrow Middx 

HA1 3UJ 


Senior Technician 


On 1st October 1981, following a retirement, a vacancy will arise for the 
post of Senior Technician in the Division of Anaesthesia. Apart from 
the administrative responsibilities of Senior Technician; the successful 


applicant will be expected to participate in some aspects of the research 
work, which is broadly based within the field of anaesthesia and 
includes hyperbaric studies. 

Applicants should have substantial experience in physics, electronics, 
neurophysiology or neurochemistry and be qualified to HNC/degree 
level or equivalent in an appropriate subject. 

Salary/£6,656 to £8,622 inc L.W. dependant upon qualifications and 
experience, 

For application forms and further details, please write to Miss J. 


Cottam Personnel Section, quoting ref 101/2/3835. 
Closing date 3 weeks from appearance of this advertisement. 


(9297)A 











IMMUNOLOGIST/ 
IMMUNOCHEMIST 


Staff research position available for 
axperienced researcher with PhD or 
MD interested in applying new 
technologies to the study of human 
disease. 


Experience with monoclonal 
antibody production and isolation 
‘lof cellular antigens is desirable. 
Send CV and references to: 
Dr. Robert Colvin, 
Immunopathology — Cox 5, 
Mass. General Hospital, 
Boston, MA 02114. 
(NW798)A 





POST DOCTORAL 
RESEARCH ASSOCIATE 
POSITION 


Available immediatly for candidate 
with a demonstrated interest and 
technological expertise in 
developmental and molecular 
biology. Experience in hematopoietic 
stem cell growth in vitro desirable. 
Excellent research opportunity in the 
area of haemoglobin synthesis in man 
and baboon model systems. Salary 
negotiable and competitive. 


Candidates would be employee of 
the University of Ilinois. Career 
posibilities. Send curriculum vitae 
and names of three referees to: 
Doctor Joseph De Simone, 
Haemotology Research Laboratory, 
Veterans Administration, West Side 
Medical Centre, 820 South Danien 
Avenue, Chicago, Illinois 60612. An 
Affirmative Action/Equal Opport- 





unity Employer. (NW809)A 





UNIVERSITY OF CAPE TOWN 
Junior Lecturer in Geology 


Applications are invited for the above post, vacant as from 1st January 
1982. Appointment, according tc qualifications and experience, will be 
made in the salary range R6 810 — R8 970 per annum. 

The successful candidate will be required to give lectures and practicals 
carrying a total contact load of approximately 100 hours, either spread 
throughout the year or concentrated in one semester. The position is 
suitable for a graduate who wishes to engage in independent research 
in the department, or for a recent graduate wishing to register in the 
department towards a higher degree. Appointment is made on a year- 
to-year basis, and is normally renewed annually. 

While candidates with special interests in any of the subdisciplines of 
geology will be considered, and selection will be on merit, preference 
will be given to candidates with experience and interest in sedi- 
mentology and/or the economic geology of sedimentary deposits. 
Applicants should submit a curriculum vitae, stating present salary, 
research interests and publications, when available if appointed, and 
the names and addresses of three referees. 

Further information should be obtained from the Head, 
Department of Geology, University of Cape Town, Rondebosch, 
7700. Closing date 12th October 1981 but late applications may be 
accepted. Please quote reference number (AC.7). 

The University’s policy is not to discriminate in the appointment of staff 
on the grounds of sex, race or religion. Further information on the 
implementation of this policy is obtainable from the Registrar. (W400)A 








UNIVERSITY OF 
FORT HARE 
Republic of South Africa 
PROFESSOR/SENIOR 
LECTURER IN 
MICROBIOLOGY 


Applications are invited from 
suitably qualified candidates for the 
above post. 


Minimum requirements: A 
Doctorate and preferably teaching 
experience. Candidates must be able 
to lecture through the medium of 
English. 


Assumption of duty: As soon as 
possible. Closing date for 
applications: 25th September 1981. 


General: The University of Fort 
Hare is situated near Alice in the 
Ciskei. Persons who are not South 
African Citizens can only be 
appointed on contract basis, which is 
usually for an initial period of three 
years renewable thereafter for 
further three year periods. 


Salary: Professor —- R20,040 — 


| R20,850 x R900 — R26,250, 


Additional Fringe Benefits: The 
following benefits are available 
subject to certain conditions: Group 
life assurance; medical aid; pension 
scheme; service bonus; territorial 
allowance; generous leave and sick 
leave benefits and generous 
assistance towards university training 
of employees’ children in the 
Republic of South Africa. 


Applications including a complete 
curriculum vitae and the names and 
addresses of at least three referees, 
should be addressed to: The Staff 
Officer, University of Fort Hare, 
Private Bag X1314, Alice 5700, 
Republic of South Africa. Tele- 
phone: 281 Alice, Telegraphic 
address: Unifort Alice. (9304)A 





IN THE FACULTY OF 
TECHNICAL AND 
NATURAL SCIENCES 
(Technisch- 
Naturwissenschaftliche 
Fakultät) 
of the 
Johannes Kepler University 
Linz, Austria 
the position of a full 
PROFESSOR IN BIOPHYSICS 
is vacant 
The candidate for this post will be 
expected to devote his research 
activites to experimental membrane 
biophysics as his main effort. His 
teaching should be focussed on 
courses, which enable graduate 
students in physics, chemistry, 
computer sciences and mathematics 
to acquire knowledge in biophysics. 
Applicants should be proficient in 

German. 

Applications including a 
curriculum and a list of publications 
should be sent before October 30th, 
1981, to the dean (Dekan) of the 
Faculty, Altenbergerstr. 69, A-4040 
Linz, Austria. Dean Prof Dr Bruno 
Buchberger. (W397)A 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 
A CHIEF TECHNICIAN 


is required to work in the Anatomy 
Department. The successful candi- 
date will supervise technical services 
and the technicians in the department 
and will also be responsible for the 
Anatomy laboratories. The Depart- 
ment of Anatomy is currently 
situated in Hunter Street, but will be 
moving to new accommodation in the 
Medical School Building at 
Hampstead in the near future. 


Salary on scale £8,159 —- £9,385 
inclusive (under review). 37 Hour 
week. 34 days leave including public 
& customary days. Interest free 
annual season ticket loan scheme. 


Further particulars and applica- 
tion forms are available from the 
School Secretary, RFHSM, 8 Hunter 
Street, London WCIN IBP or tele- 
phone 01-837 5385 ext 10. Closing 
date: 28 August 1981. Reference 
AD/CT. (932A 








RESEARCH ASSOCIATE 
Position available immediately for 
PhD to work on biochemical and 
physiological mechanisms in the 
crystalline lens in relation to 
cataract development. Experience 
in membrane or protein bio- 
chemistry would be most advanta- 
geous. Send Curriculum vitae and 
names of two references to Dr 
C A Paterson, Box B 205 University 
of Colorado Health Sciences 
Center, 4200 E 9th Ave., Denver, 
Colorado 80262. USA. The Univer- 
sity of Colorado is an equal opport- 
unity employer. (NW810)A 











ASSISTANTSHIPS 





KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF ANATOMY 
Applications are invited for a three year 
RESEARCH 
ASSISTANTSHIP 


from Ist October, 1981, funded by 
the Arthritis and Rheumatism 
Council, to investigate the mechanics 
of the arthritic foot and ankle joint 
and the influence of progressive 
pathological changes within the foot 
and ankle joint on gait. In addition to 
the appropriate biological back- 
ground, the person appointed will be 
expected to have a reasonable 
knowledge of statistics and 
computing. 


Starting salary will be in the rage 
£5,285 — £6,070, depending on age 
and experience, plus London Weight- 
ing of £967. 


Applications including a full 
curriculum vitae and names and 
addresses of 2 referees to Dr R W 
Soames, Department of Anatomy, 
King’s College London, Strand, 
London WC2R 2LS by 28th August, 
1981. (9316)P 


continued on page xvii 
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ASSISTANTSHIPS 








THE UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CERAMICS, 
GLASSES AND POLYMERS 


RESEARCH 
ASSISTANTSHIP 


Applications are invited from men 
and women for the above post to 
study the process of transformation 
of pitch-like materials and single 
aromatic hydrocarbons to carbon 
by pyrolysis. The process occurs 
via a liquid crystalline (mesophase) 
the growth and coalescence of 
which determines the micro- 
structure of the carbon product. 
The approach will be to construct 
pseudo-phase diagrams for the 
transformation after which the 
properties of various compositions 
in the different phase fields will be 
studied. Emphasis will be placed on 
the rheological properties. This 
project, supervised by Dr B. Rand, 
is financed by SRC. Tenable for 3 
years from 1 October 1981 at an 
initial salary up to £6,880 a year 
depending on age and experience. 
An honours degree in a physical 
science subject and research 
experience (preferably to PhD level) 
required. Experience in carbon 
technology, liquid crystals or 
polymers rheology would be rele- 
vant. Particulars from the Registrar 
and Secretary, The University, 
Sheffield $10 2TN, to whom appli- 
cations including the names and 





addresses of two referees, should 
be sent by 24 August 1981. Quote 
ref: R621/G. (9322)P 





UNIVERSITY 
OF OXFORD 
DYSON PERRINS LABORATORY 


THREE POSTDOCTORAL 
RESEARCH ASSISTANTSHIPS 


Applications are invited for three 
postdoctoral research assistantships 
(supported by SRC) as follows:- 

1. To study stereochemical effects 
on nuclear spin coupling 
between directly bonded carbon 
atoms (for one year); 


2. To develop and exploit.a stopped 
flow laser polarimeter for heavy 
atom kinetic isotope effects (for 
one year); 


3. To re-examine proximity (‘steric’) 
isotope effects (for two years). 


Applicants should have experience 
in one or more of the following: 
a) Synthesise with stable isotopes: 
b) F T nmr (posts 1 and 3); 
c) Electronics (post 2). 


The appointments are for one year 
(from Ist October 1981, or up to 3 to 
6 months later by agreement) with 
post 3 being renewable for a second 
year. The starting salary will be in the 
range £6,070 to £6,880 pa (Research 
Support Grade 1A) plus USS, 
according to age and experience. 


Applications (one copy) with 
curriculum vitae and names and 
addresses of at least two referees 
should be sent as soon as possible to 
Dr M J T Robinson, Dyson Perrins 
Laboratory, South Parks Road, 
Oxford OX1 3QY. (9299)P 








UNIVERSITY 
OF OXFORD 
DYSON PERRINS (ORGANIC 
CHEMISTRY) LABORATORY 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIPS 


Applications are invited from 
suitably qualified and experienced 
organic chemists for a postdoctoral 
research assistantship concerned with 
biosynthetic studies of triple bonds. 
The appointment, in Grade 1A, 
supported by SRC would be for two 
years from October 1981, with 
starting salary up to £6,880 pa 
(according to age and experience) 
plus USS. 

Applications, quoting Reference 
R81/2, with curriculum vitae and the 
names and addresses of two referees, 
should be sent as soon as possible to 
Professor J E Baldwin, Dyson 
Perrins Laboratory, South Parks 
Road, Oxford OX13QY. (9300)P 


UNIVERSITY 
OF BRISTOL 
H H WILLS PHYSICS LABORATORY 
POST-DOCTORAL 
RESEARCH ASSISTANTSHIP 


Applications are invited for a three- 
year post-doctoral assistantship by 
the Science Research Council to 
investigate the isotopic dependence 
of neutron scattering lengths for a 
range of elements. This is a colla- 
borative programme with the 
University of Munich and access to 
facilities at FRM Reaktorstation 
Garching will be made available to 
the successful candidate. 

We are seeking a postgraduate with 
a good background in materials 
science. Experience in electron 
microscopy would be particularly 
useful. A knowledge of low energy 
nuclear physics or neutron scattering 
techniques is not required as training 
in these areas will be given. 

The post will provide a good 
opportunity for a young physicist to 
broaden his or her experience. The 
starting salary will be at point 3 
(£6,880) on the RA/1B scale, and the 
position is available from Ist October 
1981. 

Applications, which should 
include the names of two referees, 
should be sent to Professor J E 
Enderby, H H Wills Physics 
Laboratory, University of Bristol, 
Royal Fort, Tyndall Avenue, Bristol 








STUDENTSHIPS ANNOUNCEMENTS 
| | STANFORD UNIVERSITY 
| UNIVERSITY OF LEEDS peers 
| DEPARTMENT OF | ANNOUNCEMENT 
| PLANT SCIENCES , 
| AN SERC (CASE) Stanford University, in cooperation 
STUDENTSHIP with the University of California, 


in conjunction with International | 
Paint Marine Services is available | | 
| for a good honours graduate in) | 
biology, microbiology or bio- 
chemistry. The investigation | 
involves aspects of the biology and 
metabolism of selected diatom 
species, in relation to the problem | 
of tanker fouling. | 
Interested persons should) 
contact Dr L V Evans, Department | 
of Plant Sciences, The University, | | 
Leeds LS2 9JT by telephone (Leeds | | 
31751 ext 6576), or submit a! 
curriculum vitae to him with the | 
names of two academic referees as | 
soon as possible. (9320) F d 


RESEARCH 
STUDENTSHIP 
EAST MALLING 
RESEARCH STATION 

Applications are invited from 
candidates with a first or upper 
second-class honours degree in 
biochemistry on plant physiology for 
a studentship leading to a PhD on 
hormone regulation of pear fruit 
development. 

Further details of this award, 
which is tenable for three years from 
October 1981, are available from the 
Deputy Secretary, East Malling 
Research Station, Maidstone, Kent 
ME196BJ. (931 1)F 











l 





UNIVERSITY of Aston in Birming- 

ham, Department of Biological 

Sciences — Fish Culture Unit. 

Research Studentship. Applications l 
are invited from good Honours | 
graduates in Biology, Biochemistry 
and Physiology, for a 3-year | 
Research Studentship sponsored by | 
the Tropical Products Institute. The 
project is for research on “The 
effects of the protein quality of feed 
ingredients of tropical origin on the 
growth and carcase characteristics of 
Tilapia”. The general conditions for 
the Research Studentship are 
Analogous to those of the Science 
Research Council. Application forms | 
are available from The Secretary, | 
Department of Biological Sciences, 

University of Aston, Gosta Green, 
Birmingham B4 7ET and must be 
returned completed by Friday 4 


i 





| DNA research. 





announces that patent licenses are 
now available on a non-exclusive 
basis for the genetic engineering 
inventions of Dr Herbert W Boyer of 
the University of California and Dros. 
Stanley N Cohen of Stanford. 
University (US Patent No 4,237,224" 

issued December 2, 1980 and pending: 
US Patent Application No 959,288 
filed November 9, 1978). We 
gratefully acknowledge the financial 
support of the American Cancer 
Society, the National Institutes of 
Health and the National Science | 
Foundation to the fundamental : 
research programs from which the. 
inventions resulted, Í 








Earned royalties for end products 
are scaled, based on sales volume, 
from 1.0% to 0.5% of sales, for 
annual sales over $10 million. To 
encourage companies to license early, 
a multiple of the minimum annual 
fees of $10,000 can be credited 
against earned royalties. For 
example, for licenses signed before 14 
December 1981, licensees may credit 
$50,000 (against earned royalties 
otherwise payable in a future year)» 
for each $10,000 annual fee paid. 
before commercial sales begin or 
1987, whichever occurs first, Terms < 
for licenses signed after 15 December > 
1981 will be less favorable to thè 
licensee. 


The license also requires that _ 
licensees specifically express intent to 
comply with the physical and 
biological containment standards of 
the NIH guidelines for recombinant 








Pursuant to 19USC337a, patent 
licenses are applicable to sales in the 


| US of products derived from practice 


of methods of the patents outside of 
the US. 


The Universities intend to use 
royalty revenue for educational and 
research purposes which, in turn, 
may result in yet other scientific 
advances for public use and benefit. 


For a copy of the license 
agreement, write to the Office of 
Technology Licensing, 105 Encina’ 
Hall, Stanford University, 
Stanford, California 94305. 











BS8 ITL. (9328)P | September 1981. (9343)F (NW808)G 
GRANTS and SCHOLARSHIPS 
IMPERIAL CANCER RESEARCH FUND 
ARMAGH OBSERVATORY 


Armagh, Northern Ireland 
Applications are invited for a 


SCHOLARSHIP 


at Armagh Observatory from 
candidates holding a good honours 
degree in physics, or astronomy, ora 
closely related field. Excellent oppor- 
tunities for working towards a PhD 
thesis are being offered. 


Applications stating qualifi- 
cations, research interests, and 
names of two referees should be 
received not later than September 30, 
1981 by the Secretary, Armagh 
Observatory, Armagh, N Ireland 
BT61 9DG, from whom further 
particulars may be obtained. (9298)H 


Research Studentship (Bursary) 


Applications are invited from recent honour graduates for a Bursary in 
the Transcription Laboratory to study the molecular biology of the DNA 


tumour virus polyoma. 


The award, for full time studies leading to a higher degree (PhD) will be 
tenable for three years with a non-pensionable grant of £4,140 a year 
(subject to tax) and in some cases additional allowances. Candidates 
should have a first or upper second class honours degree in one of the 
biological sciences if they are UK graduates, but non-UK. residents are 
not necessarily excluded. A strong background in molecular biology 





will be important and some training in recombinant DNA techniques 


would be particularly desirable. 


For further information telephone Dr R. Kamen (01-242 0200 ext 
277}. Application forms are available fram The Personne! 
Officer, Imperial Cancer Research Fund, Lincoln's Inn Fields 
London WC2. Tel. as above ext 305. Completed application 
forms should reach the Fund no later than 1st September 1981. 





(9294) H 
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FELLOWSHIPS 


MULTIPLE SCLEROSIS 
RESEARCH TRAINING 
FELLOWSHIP 


Tenure 3 years. To work in the Neurovirology 
Unit, Department of Neurology, St. Thomas’ 
Hospital, London SE1 7EH. On ‘‘Mechanisms of 
pathogenesis of CNS virus diseases with special 
reference to demyelination’’. Current research is 
related to the virology, immunology, pathology, 
electron-microscopy and biocemical 
abnormalities associated with these infections. 
Applicants should apply by October 1, 1981 to 
Dr H E Webb giving a Curriculum Vitae with 
photograph and 2 referees. Salary will be by 
arrangement according to age and experience up 
to £8,000 a year. Anticipated starting date, 


February 1, 1982. 


UNIVERSITY 
OF WARWICK 


POSTDOCTORAL 
FELLOWSHIP IN 
MOLECULAR VIROLOGY 


Applications are invited from 
microbial geneticists, virologists and 
other suitably qualified candidates to 
work in the Department of Biological 
Sciences on an MRC funded project 
concerned with the molecular cloning 
of rotaviruses, Candidates with re- 
combinant DNA experience are par- 
ticularly welcome to apply. The 
appointment is for three years and is 
available immediately. 


Salary in the range £6,070 to 
£10,575 pa. For urther details please 
write direct to Dr M A McCrae, 
Department of Biological Sciences. 


Written applications should 
include a curriculum vitae and the 
names and addresses of two referees 
to the Academic Registrar, 
University of Warwick, Coventry 
CV4 7AL quoting Ref Noa: 
51/A/81/0. Closing date for receipt 
of applications 28th August, 1981. 

(9338)E 


(9333)E 





POSTDOCTORAL 
FELLOWSHIP IN 
CARDIAC CELLULAR 
ELECTROPHYSIOLOGY 


Two traineeships are available (2-3 
years) to study (1) action potential 
conduction mechanisms and inter- 
cellular junctional coupling and (2) 
membrane ionic conductance mecha- 
nisms in isolated cell and tissue 
cultured model cardiac prepara- 
tions. Conventional microelectrode 
methods, voltage clamp and patch- 
electrode techniques will be 
employed as well as impedance/ 
noise analysis. Training will be 
provided in these techniques and in 
the preparation and manipulation of 
isolated cell systems. Support and 
excellent facilities are provided 
through an active interdepartmental 
program project. 


Send curriculum vitae and names 
of three professional references to: 
Dr R L DeHaan, Department of 
Anatomy, Emory University School 
of Medicine, Atlanta, GA 30322. 
Emory University is an Equal 
Opportunity/Affirmative Action 
Employer. (NW8ILDE 





UNIVERSITY OF CAPE TOWN 
Research Fellowships 


The University of Cape Town invites applications for Post-Doctoral 
Fellowships to be held at the University of Cape Town. 

The Fellowships are tenable for 12 months and the stipend attached to 
the Fellowship is R16,000. Successful candidates from abroad will 
receive an additional travel grant up to a maximum of R1,500. There is 
no restrictions to any particular field of research. 

Applications must include full details of the applicant's research 
programme in addition to a full curriculum vitae and the names of two 
referees to whom the University may refer. The policy of the University 
is not to discriminate in the appointment of staff on the grounds of sex, 
race, colour or national origir. The dates at which the successful 
candidates will be expected to take up their duties are flexible and can 
be arranged to suit the special circumstances of the candidate. 
Closing date for the receipt of applications is 30 September 1981. 


Applications (quoting ref. number AC7) should be addressed to 


the Chief Administrative Officer, 


Research Administration, 


University of Cape Town, Private Bag, Rondebosch, 7700, South 


Africa. 


Typesetting: J.W. Arrowsmith L 
Godfrey Lang Ltd, London WCIR 4EB and The William Byrd Press Inc. 


(W402)E 
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UNIVERSITY OF 
WESTERN AUSTRALIA 
Perth 


UNIVERSITY RESEARCH 
FELLOWSHIPS (Post-Doctoral) 


Up to two Research Fellowships will 
be offered, to be taken up in 1982. 
Appointment will be for one year in 
the first instance with the possibility 
of renewal for a second year: Fellow- 
ships may be renewed for a third year, 
but only in competition with new 
applications. The Fellowships will be 
tenable in the following academic 
Departments for work in the broad 
areas stated below: 


Biochemistry — Hormonal 
Control of Cytochrome Synthesis in 
Mitochrondria of Developing Rat 
Ovary. Medicine — Studies of 
Patterns of Disease in Migrants to 
Australia. Microbiology — Genetic 
Analysis and Modification of the 
Fungus Phytophthora cinnamomi. 
Physical and Inorganic Chemistry — 
Theoretical Calculations of Atomic 
Polarizabilities using the Method of 
Configurational Interaction. 


The Fellowships are intended for 
PhD graduates, or those with 
equivalent qualifications, who by 
publication and in other ways have 
demonstrated significant research 
capability. Preference will normally 
be given to graduates of universities 
other than the University of Western 
Australia. Salary will be within the 
range $A17083 -— $A19570 per 
annum. 


Applications in duplicate setting 
out full personal particulars, quali- 
fications and experience, and the 
proposal for research during the 
tenure of the Fellowship should reach 
the Acting Staffing Officer, 
University of Western Australia, 
Nedlands, Western Australia, 6009 
by 2nd October 1981. Candidates 
should request three referees to write 
immediately to the Acting Staffing 
Officer from whom any further 
specific information may be 
obtained. (9330)E 


IMPERIAL CANCER 
RESEARCH FUND 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 
Applications are invited for a three 
year, postdoctoral appointment in 
the Viral Leukaemogenesis Labo- 
ratory at Lincoln’s Inn Fields to 
work on control of expression of 
membrane proteins during 
differentiation of erythroblasts 
transformed by avian retrovirus, in 
particular avian erythrobalstosis 

virus. 

Salary range: £7,700 to £9,750, plus 
London Allowance of £967 a year, 
with entry point according to 
qualifications and experience. 
Further information from Dr. M. 
Hayman (telephone 01-242 0200 
‘extension 448). Applications 
including full curriculum vitae and 
names. and addresses of two 
referees should be sent to the 
Secretary, Imperial Cancer 
Research Fund, Lincoln's Inn 
Fields, London WC2, by 3ist 
August, 1981, quoting reference 
121/81. (9244)E 





IMPERIAL CANCER 
RESEARCH FUND 
POSTDOCTORAL RESEARCH 

FELLOWSHIP 

Applications are invited for a three 

year postdoctoral appointment in 

the joint laboratories of Tumour 

Virology and Viral Leukaemo- 

genesis at Lincoln's Inn Fields to 

apply recombinant DNA tech- 
niques to the study of virus-induced 
oncogenesis. Molecular cloning of 

RNA tumour viruses is being 

undertaken to investigate, by a 

combination of restriction enzyme 

analysis, DNA sequencing and 

DNA transfection, the structure 

and function of mutant and wild 

type viral transforming genes and 
their interaction with host cell 
sequences in which they integrate. 

Salary range £7,700 — £9,750 plus 

London Allowance £967 a year, 

with entry point according to 

qualifications and experience. 

Further information from Dr. John 

Wyke (tel. 01-242 0200 ext 270). 

Applications with curriculum vitae 

and names and addresses of two 

referees should be sent to the 

Secretary, Imperial Cancer 

Research Fund, Lincoln's Inn 

Fields, London WC2 by 31st 

August, 1981 quoting reference 

124/81. (9243)E 




























CONFERENCES and 
COURSES 





THE HATFIELD POLYTECHNIC 
MSc i 


cin 
ASTRONOMY AND 
ASTRONAUTICS 
{Part time, two evenings per week 
for three years) 
PRELIMINARY COURSE 
starts 1 October 1981 
MSc COURSE 
starts 16 February 1982 
For further details: 
Telephone -- Hatfield 68100 
ext 3214 or 
— The Secretary (MSc) 
Hatfield Polytechnic 
Observatory, 
i Bayfordbury House, 
| Hertford, 
Herts SG13 8LD. 


(9289)C 
naaa 


| Write to 
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| Improve Your Assays in Any Biochemical Procedure! ; 


The Savant “NO BUMP” Speed Vac 
Concentrator/Evaporator 










is now standard procedure 


for the following 


and many other applications. 
Achieve 100% Sample Recovery! 


a HPLC sample preparation where a 


dried, concentrated sample is important. 


« GLC sample preparation ... as above. 

» DNA sequencing — evaporation of 
piperdine. 

= PHOSPHOLIPID separation by HPLC 
— total evaporation of Acetonitrile- 
Water Solvent. 

# TRIETHANOL AMINE carbonate 
evaporation. 

= SOMATOSTATIN concentration by 
evaporation of acetic acid. 

a INTERFERON purification by dialysis 
and evaporation of solvent phase. 

a TRI-CYCLIC anti-depressant drug 
blood levels measured after a series of 


extractions and evaporations to dryness. 


= NEUROTRANSMITTERS such as 
Acetylcholine, Dopa, etc. Now include 
the Speed Vac Concentrator for the 
essential evaporation step. 

= AMINO ACID and Peptide analysis. 


w SUBSTANCE P concentration and 
assay. 


s HORMONE and Enzyme assays 


® TISSUE EXTRACTS and Column 
eluates concentrated by “NO BUMP” 
solvent removal 

w ELECTROPHORESIS AND 
CHROMATOGRAPHY is greatly 
improved by concentration prior to 
application of sample to the support 
medium. 





For additional information 
and literature contact: SAVANT INSTRUMENTS, INC. 


Ss S ava n iio swear le, NY 11801 


Pritish Journal o 
CLINICAL PHARMACOLOGY 


ESSENTIAL INFORMATION AT YOUR FINGERTIPS. EVERY MONTH! 


Published monthly on behalf of the British Pharmacological Society, British Journal of Clinical 
Pharmacology is as fast-moving as the area of science it examines: 




















Bridging the gap between medical professions, clinical research and the pharmaceutical industry. 
Containing papers and reports on all aspects of drug action in man, in both health and cisease. 


Providing free copies of the proceedings of selected symposia on new methods, new drugs and new 
approaches to treatment, to all subscribers. 


certo entation Ea‘ 


To keep up-to-date in this fast-moving area of science why not join the ever-increasing number of 
clinical pharmacologists all over the world who rely on the British Journal of Clinical Pharmacology as 
their professional journal. 


ANNUAL SUBSCRIPTIONS 


UK £75.00 
USA/Canada US$185 
Rest of the world £89 


Orders should be accompanied by remittance, cheques made payable to Macmillan Journals Ltd: Subscription Department, 
Brunel Road, Basingstoke, Hampshire, RG21 2X5, England. 


Sample copies are also available from the same address. 
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-abottle cor A Ampholine 


Cut your electrofocusing costs to a fraction of 
previous levels without sacrificing quality or 


resolution. Save substantial time casting, 
running, and staining gels as well. High 
performance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine. And if you’re struggling with an 
especially tight budget this year, we can 
help you save even more. High performance 
gels are cast by capillary action onto thin 
plastic support foils in layers a mere 0.5 to 
0.25 mm thick, Be e the new thin gels are 
cooled more efficiently, resolution-robbing 
thermal gradients are eliminated while run 
times drop to as little as 30 minutes. 
Ampholine, the LKB tradename for the 
world’s largest selling carrier ampholyte, is 
now available in four new pH ranges. The 
new ranges ar vag preblended for di- 
rect use in either acrylamide or our new 
agarose gels and exhibit excellent con- 
ductivity ‘and reproducibility. By switching 


Head office: LK B-Predukter 2 
AKB Instrument 


Main US 
IK culos KB instruments Ltd; 2 


yze with half 


to our new preblends, you'll save preparation 
time and reduce your stocking costs as well. 
High performance electrofocusing is just 
eries of new and improved techni- 
ques you can perform on ‘the Multiphor® 
System. For more details about this and 
other new kits soon to be released, contact 
your local LKB representative. We have of- 
fices everywhere. Or phone us today at one of 
the addr listed below. 
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easier 
than ever before. 





Photomacrography: 





WILD M400 PHOTOMAKROSKOP. 


No other photographic technique 
today is so reminiscent of the meth- 
ods of yesteryear’s pioneers in photo- 
graphy as is photomacrography 
{range 1:1 to 20:1). Ir the past, the 
bellows was unwieldy, setting the 
image scale complicated and calcu- 
lating the exposure time a long-drawn- 
out operation. You literally had to 
grope for the object. Not what you 
would call efficient! And yet efficiency 
is just what is needed in science and 
technology where photomacrography 
is playing an ever more important 
role, ; 

Now Wild Heerbrugg nas developed 
a new photomacrographic system, 
the Wild M400 Photomakroskop. 
Circle No. 18 on Reader Enquiry Card. 


Mi 52-79 


Modern photographic technology and 
electronics guarantee a high degree of 
efficiency within the magnification 
range of 1:1 to 60:1. Magnification 
and detail can be continuously varied 
with the macrozoom objective 1:5. 
What's more, the M400 gives you 
binocular observation under optimum 
physiological conditions, an erect and 
iaterally-correct image and a great 
working distance. The specimen 
remains in focus over the whole zoom 
range. The electronic contro! unit 
ensures ideal exposure time at the 
touch of a button, independently of 
camera format, film emulsion and 
illumination method. It's easier and 
better than ever before. 


Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland 


Weer fi EE... D 
HEERBRUGG 


_ Affinity chromatograph 
your keys to success! 








@ high selectivity and low non-specific 
adsorption for pure product 


@ ready-to-use for greater time-saving 


@ porous matrix for high capacity, 
concentrated product 


© excellent flow properties for fast results 


@ reusable for economical separations 


Group specific adsorbents 
for the key step in your purification 


Protein A-Sepharose CL-4B 
Con A-Sepharose 

Lentil Lectin-Sepharose 4B 
Heparin-Sepharose CL-6B 
Poly(U)-Sepharose 4B 
Poly(A)-Sepharose 4B 
Lysine-Sepharose 4B 

Biue Sepharose CL-6B 


5'AMP-Sepharose 4B 
2'5'ADP-Sepharose 4B 


igG, antigens, immune complexes 
glycoproteins, glycolipids, polysaccharides 
membrane glycoproteins 

plasma proteins, enzymes etc 
mRNA, plant nucleic acids 
mRNA-binding proteins, hnRNA 
plasminogen, ribosomal RNA 

serum albumin, nucleotide-requiring 
enzymes 

NAD*-dependent dehydrogenases 
NADP*-dependent dehydrogenases 


For more information contact your usual supplier for the NEW guide 


“Affinity Chromatography — principles and methods”. 


Pharmacia Fine Chemicals AB 
Box 175 

8-75104 Uppsala 1 

Sweden 










Pharmacia 


dn 
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From DNA 
to RNA 
and beyond 


Nick Translation 


Two exclusive systems for making 
consistently high specific activity 
probes using nick translation: dCTP, 
[”P]- and dTTP, [SH]-. Both systems 
include E. coli DNA Polymerase | 
prepared in our laboratories to 
ensure reproducibility. The DNase I, 
dNTP mixtures, stop buffer, and 
sterile deionized water are opti- 
mized for compatibility and stability. 


Systems sufficient for either 26 or 
10 reactions contain the following: 
dCTP [a-P]-, or 

_ATTP, (methyl, 1’, 2/-°H]- 

DNase | 

_ DNA Polymerase | 

_ Control Plasmid DNA (pBR322) 

_ Deoxynucleoside Triphosphate 

_ Mixture 

Nick Translation Buffer 

Nick Translation Stop Buffer 
Deionized Water 


h lot of systems is tested with 
the control supercoil pBR322 plas- 
mid DNA to ensure efficient incor- 
poration of dCMP or dTMP into DNA, 
1d a copy of the curve is included 





































Ordering information: 
NEK -004 (dCTP, [a-**P]) (20 


These nine systems represent a major achievement in 
support of DNA/RNA research. They offer pretested, 
quality-assured sets of matched ingredients for ana- 
lyzing genes and the products of their expression. 


You could of course assemble the ingredients your- 
self, but here’s what you'd likely be missing: Reliabil- 
ity, reproducibility, and hours of time better spent 


doing the research. 


Call to discuss any questions you may have for our 


technical staff. 


3’ End Labeling 


The system labels protruding (Hae l), 
flush (Alu I), and recessed (Hinf 1) 

3’ termini generated from pBR322 
with 3’-dATP, [a-*P]- (cordycepin 
5’-triphosphate) in a simplified pro- 
tocol similar to the procedures of 
Tu and Cohen.' The system utilizes 
terminal transferase to add a single 
3'-dAMP, [a-**P]-molecule to the 3’ 
end of a DNA chain. The resulting 
labeled DNA is suitable for se- 
quencing by the Maxam and Gilbert? 
technique used in our new DNA 
Sequencing System (see next page). 


The components include: 

3’-dATP, [a-**P]- (cordycepin 

5’-triphosphate) 

Terminal Deoxynucleotidyl 
Transferase 

Terminal Transferase Reaction 
Buffer 

Cobalt Chloride 

Control Plasmid DNA Fragments 

Deionized Water 


Prior to shipment, all system com- 
ponents are subjected to a com- 
plete 3’ end labeling procedure. The 
polyacrylamide gel used to separate 
the fragments is autoradiographed 
to assess labeling efficiency, and a 
copy of the autoradiogram is 
included with your system. 


Ordering information: 


NEK-009 (10-reaction system) 
NEK-OO9A (5-reaction system) 





5’ End Labeling 


Adapted from procedures described 
by Maxam and Gilbert? an efficient, 
time-saving means of labeling 
nucleic acid fragments preparatory 
to DNA sequencing (see next col- 
umn). The system includes ATP, 
[y-*P]- with polynucleotide kinase 
prepared in our own laboratories, 
and a carefully balanced comple- 
ment of buffers, enzymes, and 
other reagents necessary for label- 
ing the 5' termini of DNA fragments. 


Systems sufficient for either 10 or 5 
reactions contain the following: 
ATP, [y-*P]- 
Alkaline Phosphatase 
Polynucleotide Kinase (purified to 
homogeneity) 
Phosphatase Buffer 
Direct Phosphorylation Buffer 
Exchange Phosphorylation Buffer 
Hinf | Digest of Plasmid DNA, 
pBR322 (control to check system) 
Deionized Water 


The system is tested the day before 
shipment using the same lots of 
components you will receive, 
including fresh tracer. The resulting 
autoradiogram is included with 
your system. 


Ordering information: 
NEK-006 (10-reaction system) 
NEK-OO6A (5 reaction system) 






JEW 
DNA Sequencing 


his system follows the Maxam- 
lilbert procedure as published in 
fethods in Enzymology and 
icludes the entire text of the arti- 
le.? It is suitable for sequencing 
INA labeled with our 3’ or 5’ End 
abeling Systems and includes all 
zagents necessary for the four 
ase specific cleavage reactions. 
ufficient material is provided for at 
zast fifty of each reaction. 


‘he following components are 
cluded: 

Dimethyl Sulfate 

Hydrazine 

Piperidine 

Piperidine Formate 

Ferric Chloride 

Sodium Hydroxide 
Maxam-Qilbert Procedure Manual 


ach new lot of components is 
ested before shipment in a se- 
(uence analysis of a DNA fragment. 
‘he purity of each component is 
aonitored using chromatographic 
nalysis and documented for 
clusion with the system. 


rdering information: 
NEK-010 


faxam, A.M, and Gilbert, W., Methods in 
nzymotogy, 65 (1980) 


NEW 
Transcription 


This system provides all the compo- 
nents necessary to perform eukary- 
otic cell-free transcription. It 
contains a cell-free extract derived 
from HeLa cells which catalyzes the 
synthesis of MRNA precursors when 
provided with an exogenous DNA 
containing a promoter for recogni- 
tion by the polymerase. This RNA 
polymerase lI dependent reaction is 
highly sensitive to the presence of 
a-amanitin. The whole cell extract is 
prepared as described by Manley 
and coworkers. * 


The system also includes UTP, 
[a-**P]- for labeling specific MRNA 
precursors. A control DNA template, 
the cloned Bal I-E restriction frag- 
ment of Adenovirus-2, has been 
used to optimize the system and is 
included with it. This control should 
be used by the investigator to deter- 
mine proper functioning of the 
system. 


Components sufficient for perform- 
ing 50 assays (25yl reaction vol- 
ume) are listed below: 

UTP, [a-*?P]- 

HeLa Cell Extract 

Control DNA Template 

Transcription Cocktail 

Deionized Water 


Ordering information: 
NEK-014 (50-reaction system) 


Manley, J.L., Fire, A., Cano, A., Sharp, P.A., and 
Gefter, M.L., PNAS (U.S.A.), 77:3855 (1980) 



























Translation 
Now Proline [PH] 


NEN's in vitro protein translation. 
systems have made cell-free transla- 
tions of eukaryotic mRNAs excep 
ally reliable and reproducible. These 
systems are offered with either 
Methionine, L-[°S]- or Leucine, 
L-(3H]- or Proline, L-[SH]- labeled 
tracers. All three utilize arvéxtr, 
rabbit reticulocyte lysate that h 
treated with micrococcal nuclease 
to remove endogenous mRNA. Th 
lysate is prepared under strictly con- 
trolled conditions to ensure rete 
of high protein synthesis activity. 


The components include: 
Rabbit drat ia er 
Methionine, L- 

Leucine, L-[3, I s lap , y 
Proline, L-[ 2, 3,4,5-"H]- 
Translation Cocktail 
Control mRNA 
Magnesium Acetate 
Potassium Acetate 
Deionized Water 


Each lot of systems is biologica 
tested with the control mRNA 
demonstrating Methionine, 
or Proline incorporation is provi 
with your shipment. 


Ordering information: 
NEK-001 (Met [*°S}) (100 reactions 
NEK-OO1A (incl. extra rni lysate) — 
NEK-001B (tracer shipped as need 
NEK-002 (Leu [°H}) (100 reactions) 
NEK-002A (incl. extra milysate) 
NEK-013 (Pro ["H]) (20 reactions) 
NEK-O13A (100 reactions) 


New England Nuclear 
® 549 Albany Street, Boston, Massachusetts 02118 


Call toll free: 800-225-1572 Telex: 94-0096 
(in Massachusetts and International: 617-482-9395) 


° NEN Chemicals GmbH: 0-6072 Dreieich, W. Germany, Postfach 401240, Tel, (06102) BB0G4, Tex 447995 NEN D 
(NEN Canada: 2455 46th Avenue, Lachine, Que, HBT S09, Tet Mide pluie Telex 05-821808 
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Saving antibiotics from themselves 661 


NEWS 


London bites private bullet publicly 
Soviet Union urges space demilitarization 
UK biotechnology 

US graduate salaries 
Indian health care 
Blood products 

Paying court 

US uranium 

German cancer research 
Productivity by numbers 


CORRESPONDENCE 


Badgers and TB/Diet and cancer 


NEWS AND VIEWS 


The longest synthetic gene . . . so far 

Saturn’s rings 

Solar spin variation (D W Hughes) 

Cosmochemistry and the origin of life 
(G Eglinton, A Henderson-Sellers and 
S Moorbath) 

Holocene wiggles (R W Fairbridge) 

Pre-equilibrium processes in nuclear 
reactions (P E Hodgson) 

Mammal tracks on mountain slopes 
(R M May) 

HLA genes, immunoglobulin genes and 
human disease (K Welsh) 

Positronium and positronium ions 
{T C Griffith) 


BOOK REVIEWS 


A World on Paper: Studies on the Second 
Scientific Revolution (by E Bellone) G N 
Cantor; Infrared Astronomy (C G Wynn- 
Williams and D P Cruikshank, eds) R F 
Carswell; The Tragicomical History of 
Thermodynamics 1822-1854 (by C 
Truesdell) P T Landsberg; The 
Biochemistry of Plants (P K Stumpf 

and E E Conn, chief eds) Philip Rubery; 
Smooth Muscle: An Assessment of 
Current Knowledge (E Bülbring ef al., 
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eds) Andrew P Somlyo 781 
MISCELLANY 
100 years ago 670 


Product review: American 


Chemical Society meeting xiii 


Cover 


Saturn's moon Titan and (inset) Saturn itself, from 
Voyager 2 photographs. See page 675 for the start of 
a supplement containing results from Voyager 1. The 
total synthesis of a gene for human leukocyte 
interferon is reported on page 736. 
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Two Voyagers to Saturn 


How Voyager 2 has been reprogrammed l 


Thermal structure and dynamics 
of Saturn and Jupiter 





Morphology of Saturn’ s aurora 


Saturn ionosphere: “theoretical 
interpretation 


| GH and GHi in Titan’s atmosphere 


GH, HGN and GN, ‘in Titan’s 
atmosphere 


Mean ı molecular weight and hydrogen 
abundance of Titan’s atmosphere — 


Titan’ S atmosphere: temperature 
and dynamics 


Implications of Titan’ s ‘north-south 
brightness asymmetry 
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Density waves in Saturn’s rings 


Moonlets in Saturn’s rings? 





Distribution of neutral gas 
and dust near Saturn 


Low-frequency plasma waves 
near Saturn 


Impulsive radio discharges near Saturn 


X-ray and energetic neutral particle 
emission from Saturn’s magnetosphere 





Topology of f Saturn’ s main 
magnetic field 


Saturn’s ring current 
and inner magnetosphere 


Arc structure in Saturn’ s radio 
dynamic spectra 





Arcs in Saturn's radio spectra 








Saturnian kilometric radiation: 
statistical properties and beam geometry 





Narrowband electromagnetic emissions 


| from Saturn’s magnetosphere 
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FROM DNA TO PROTEIN: The 
Transfer of Genetic Information 
MARIA SZEKELY 


This is the first textbook which discusses gene 
structure on the basis of recent discoveries of 
overlapping and split genes and which genetic 
information can be encoded into the genetic 
material and how it can be transferred to 
other materials, 

A perfectly up-to-date account of our present 
knowledge of the structure and expression of 
genes in prokaryotic and eukaryotic organisms 
and the only available text showing the 
correlation between the structure and function 
of nucleic acids. 

March, £18.00, 0 333 21836 1 
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DEVELOPMENTAL BIOLOGY 
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An integrated approach to describe the 
cellular and physiological processes of human 
reproduction and embryological development 
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more suitable for modern preclinical and 
human biology courses, 
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GYNAECOLOGICAL 
CYTOLOGY 

MATHILDE E. BOON and 
METTE LISE TABBERS- 
BOUMEESTER 


Dr Boon and Dr Tabbers-Boumeester have, 
over the past ten years, developed the course 
in diagnostic cytology which was first given in 
Leiden in 1969, 

In this volume they present their insight into 
both the study of diagnostic cytology, and 
into the teaching of this increasingly 
important subject. To illustrate the modern 
concepts of cytopathology, examples of more 
advanced approaches are included: as well as 
scanning and electron microscopy there are 
details of DNA measurements, morphometry 
and immunopathology. 

June, £25.00, 0 333 261178 

£14.00, 0 333 261186 
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Saving antibiotics from themselves — 


For how much longer will antibiotics remain at the disposal of 
physicians? This is the question that will be raised in the public 
mind by the gloomy statement put out earlier this month from 
Boston by a group of participants in the conference on the 
Molecular Biology, Pathogenicity and Ecology of Bacterial 
Plasmids held in Santo Domingo last January. The statement, in 
which Professor Stuart B. Levy of Tufts University has played a 
prominent part, points to the spread of resistance to antibiotics 
among bacteria in recent years, says that the “worldwide public 
health problem” is ‘‘due in large part to the indiscriminate use of 
antibiotics” and goes on to urge that “national and international 
committees’? should be set up so as to issue ‘‘directives for 
prudent antibiotic use’’. Dr Levy’s group is anxious that attention 
should widely be paid to its clarion call. 

Nobody dissents. The problem of antibiotic resistance, 
although something of a surprise because thirty years ago nobody 
anticipated the versatility of bacterial plasmids, is, nevertheless, 
not new. Good sense argues in the same direction as Dr Levy’s 
group: plainly everybody — not merely physicians but public 
health officials and farmers — should be more discriminating in 
the use which they make of a class of compounds, for the time 
being invaluable, whose value is being eroded as the years go by. 
Less vitally (in the human sense), the same process has been 
happening with insecticides, the other principal biochemical 
legacy of the 1940s. Organisms of all kinds, not only bacteria but 
insects as well, constantly surprise us by their biochemical 
versatility. (So, too, do higher organisms such as human beings, 
which have demonstrated a remarkable capacity for survival in 
circumstances in which self-adulteration with materials such as 
alcohol is common, although there is no reason to suppose that 
selection has played any significant part in this process.) How do 
we learn to live with such surprises? 

The question is every bit as important as the statement earlier 
this month makes out. It is more than merely wasteful, but tragic 
as well, that the benefits of technological innovations (antibiotics, 
insecticides) should irreversibly be misused. Superficially, these 
sombre prospects are more galling than the waste of the potential 
benefits of mechanical technology — air transport (hamstrung by 
protective regulation), telecommunications (often hamstrung by 
protective legislation) and computer technology (hamstrung by 
collective inertia). For there, the argument goes, the promise 
remains, waiting merely on some kind of reform of people’s 
resolve to make sensible use of the tools that science and 
technology have provided for them. But is it not also tragic that in 
present circumstances the productive wealth of the industrialized 
nations should be constrained, with all the human consequences 
that are entailed — and measured by the growing proportions of 
the unemployed — and that the gap between the prosperity of the 
rich and the poor should, through mutual impoverishment, be 
sharpened? Society, in other words, is as much at risk from the 
under-use as from the over-use of the technology at its disposal. 

How, against this background, should enlightened policies on 
antibiotics be designed? Dr Stuart Levy’s group, recognizing that 
policies of some kind need to be devised, has been plainly at a loss 
to know how these might come into being. Why else would it have 
suggested a hierarchy of national and international committees? 
This strategem, the most obvious, is well calculated to amplify its 
own eloquent statement of foreboding about the consequences of 
the misuse of antibiotics, but unlikely to make much headway 
with dealing with the causes of misuse. These, in turn, are deeply 
embedded in the ways of societies blessed with the chance of using 
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antibiotics — the freedom of physicians to prescribe, the freedom 
of other professional people (farmers, for example) to use 
chemical products in ways that they think proper and profitable 
and the general restraint on democratic government from 
excessive interference with what people do (or do not do). Dr 
Levy’s group, for all the best reasons, finds itself up against the 
kind of social ethos that made the discovery of antibiotics 
possible. That, it may be thought, is the irony of their (and our} 
dilemma. How is it to be resolved? 

The dismal science would suggest a simple remedy, not entirely 
to be scorned. If some uses of a potential social benefit are judged 
democratically to be prejudicial for society at large, why not pula 
tax on them? The snag is that the demand for antiblotics is 
greatest in those societies in which the prices of supposedly life- 
saving drugs have the least negative effect on the demand for 
them: elsewhere, where the ‘‘need’’ is perhaps greatest, the 
“demand” (muted by the capacity to pay or even by ignorance} is” 
least. An alternative solution may be found in the common ethics. 
of the medical profession, which increasingly requires that 
physicians should balance the benefit that a single patient will 
receive from a certain treatment against the more general benefit 
if the resource in question is dispensed in some other way — the 
allocation of a kidney machine to one person rather than another, 
for example. In the use of antibiotics, the counterpoise of 
individual benefit is, however, non-use for the greater good, 
Logically, the problem is the inverse of that in which physicians 
subject their patients to the small risk of damage from the useof a 
vaccine (coupled with the benefit of immunity against the 
corresponding infection) for the sake of the wider benefit. The. 
trouble is that non-use is certain to be regarded, in democratic 
societies, as deliberate and thus reprehensible neglect. How, inthe 
last resort — as it may be — does a physician explain that the = 
administration of an antibiotic likely to be beneficial must be- 
withheld for fear that resistance will be encouraged? 

Physicians properly concerned about problems of antibiotic 
resistance must manage more adequately to come to terms with 
the societies in which they work. It would, of course, in many 
other fields than this, be splendidly simple if individuals would 
put their expectation of personal benefit second to the communal 
benefit, even in matters of life or death. In the short run, however, 
that is exceedingly unlikely. And there is no immediate prospect 
that there will quickly arise such a persuasive analyst of the o 
machinery of society that some compromise will be found 
between the doctrines of the two greatest analysts so far — Adam 
Smith (who can be bowdlerized as holding that the communal 
good is the sum of individuals’ estimates of their individual 
benefit) and Karl Marx (whose essential argument, grossly 
oversimplified, is that the greater good will benefit most but not 
all individuals). So what should physicians do about antibiotics? 
The hierarchy of committees now proposed, potentially useful, 
should be given positive rather than negative terms of reference. 
The objective should be somehow to suggest things to do rather 
than not to do — handlists for physicians to help them to make 
empirical decisions, programmes for the more effective control of 
infection in hospitals, plans for helping forward the development 
of new kinds of antibiotics (for research people are even more 
adaptable than bacteria) and, above all, studies of how a proper 
balance between use and non-use is to be struck in modern 
democratic society. Nobody will pretend that these tasks are 
simple. In the long run, however, nobody will listen seriously to 
Dr Levy’s group unless it tackles these broader subjects. 
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University cuts 


Spending across 
the board 


The University of London last week let 
its constituent colleges know how much 
they will have to spend next year, and how 
many students they will be permitted to 
educate three years from now, in 1983-84. 
The target reductions of the student 
population are in line with the gloomier 
forecasts; most colleges are disappointed 
with their financial allocation for the 
academic year immediately ahead. 

Some, however, are relieved. Earlier this 
year, Chelsea College, one of the science- 
based smaller colleges in the university, was 
singled out by the second interim report of 
the Committee on Academic Organization 
commissioned by the university for 
oblivion or dismemberment; Chelsea is 
therefore understandably relieved that the 
now threatened reduction of its student 
numbers three years hence is a mere 14 per 
cent. 

Other colleges, previously thought to be 
set fair, have been downcast. Queen 
Elizabeth College, for example, applauded in 
the most recent interium report of the 
Committee on Academic Organization 
{under Sir Peter Swinnerton-Dyer) has 
| been asked to plan for a student body 
reduced by a third three years from now. 
The reduction is even more drastic than 
that decred by the University Grants 
Committee for the University of Aston in 
Birmingham. 

Under the university’s plan for the 
cutting of the cake for the coming 
academic year, the larger colleges do best. 
University College London, singled out for 
its high unit costs, by the Swinnerton-Dyer 
Committee, will have to stomach only a 
five per cent cut in student numbers in the 
next five years. 

In its letter to schools of the university 
last week, the Court said that it had decided 
to take full account of the recently decreed 
increase of fees for part-time students, but 

“had made a special but interim provision 
fer Birkbeck College (most of whose 
students are part-time). On overseas 
students (or the lack thereof) the Court said 
that it could not undertake to help those 
branches of the university hard-hit by 
recent changes. 

The Court’s letter contains an element of 
second guessing in the statement that it has 
‘‘devised arithmetical values for the 
various UGC verbal indications about Arts 
and Sciences”. The upshot of the Court’s 
calculation seems to be that, after allowing 
for the buoyant future spelled out for 
Imperial College, the population of science 
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students in the rest of the university will 
decrease by 11.3 per cent in the next three 
years, compared with the reduction of 5.7 
per cent expected in other academic fields. 
The university court seems, nevertheless, 
to have been perplexed by some of the 
consequences of its arithmetic. Given the 
substantial reduction of student numbers 
in science foreseen, and the grants 
committee’s recommendation (to the 
university as a whole) that special attention 
should be given to veterinary science, 
mathematics and engineering, the Court 
records that it enquired whether a 
reduction was required in biology. 
Apparently it ‘‘emerged’’ that the 
committee had not intended that the 
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London bites private bullet publicly 


subject group of “biological sciences” 
should “‘suffer such a large reduction’’ but 
that the committee was in favour of a 
reduction of the numbers of students 
following degree courses combining two 
science subjects, “a category not 
Specifically mentioned in the UGC 
letters”. 

On balance, the Court has planned for a 
real reduction of 5 per cent in its resources 
in the coming academic year. Given 
previous commitments to medical and 
other professional schools in the 
university, the Court says that the 
generality of its dependants will have to 
make do with 7.5 per cent less in the coming 
academic year. 


Soviet Union urges space demilitarization 


The Soviet Union has proposed a new 
treaty banning the deployment of weapons 
in outer space. The terms of the treaty, set 
out in a letter from the Soviet Foreign 
Minister, Andrei Gromyko, to the 
Secretary General of the United Nations, 
Dr Kurt Waldheim, differs from the 1967 
treaty on outer space in two important 
respects. It covers all weapons, and is 
envisaged as an instrument of the 
United Nations, to be available for 
signature by ‘‘all states’? with the 
instruments of ratification deposited with 
the United Nations Secretary General and 
not, as in 1967 with individual sponsoring 
governments. Accordingly, in the opening 
clauses of the draft, the text, refers to 
‘““member states?’ and switches to 
“signatories” only in details dealing with 
the technicalities of ratification, 
amendment and possible withdrawal. 
According to TASS, the essential articles 
of the draft read as follows: 

1.1 The member states undertake not to put 
into orbit around the Earth objects bearing 
weapons of any kind, not to install such 
weapons on celestial bodies, and not to 
deploy any weapons in outer space in any 
other way including on piloted spacecraft of 
multiple use both of the existing type and 
also of other types which may be developed 
in the future by member states. 

1.2 Each member state . . . undertakes not 
to help, encourage and incite any state, 
group of states or international organization 
to engage in activities running counter to the 
provisions of paragraph | of the present 
article. 

2. The member states shall use spacecraft in 

strict accordance with international law 

including the UN Charter in the interests of 
maintaining international peace and 
security, and for the development of 
international cooperation and mutual 
understanding. 

3. Each member state shall be bound not to 
destroy, damage or disturb the normal 
functioning or alter the flight trajectory of 
space vehicles of other signatories. 

4, For the purpose of ensuring confidence in 
the observation of the provisions of the 
present treaty, each member state shal] use 


the national technical monitoring facilities 
at its disposal in such a way as to comply with 
the generally accepted principles of 
international law. 


The document is, of course, only a draft, 
and with the United States toying with 
orbital laser weapons seems unlikely to 
achieve anything concrete in the near 
future. The US shuttle, however, and its 
possible military implications have been 
causing considerable concern to Soviet 
military experts. The past few months have 
seen numerous comparisons in the Soviet 
media between the ‘‘militarist’’ capabilities 
of the shuttle and the essentially peaceable 
nature of the Soviet Salyut orbital stations. 
Such concern seems, at least in part, to lie 
behind Mr Gromyko’s letter to Dr 
Waldheim, which notes that the risk of the 
militarization of outer space has ‘“‘recently 
increased’’. 

If the treaty should materialize, several 
ambiguities in Mr Gromyko’s draft would 
doubtless have to be resolved. Thus article 
3, as it stands, seems to leave open two 
justifications for damaging or disturbing a 
spacecraft in flight — that it was not (or 
was erroneously thought not to be) the 
property of a member state, or that it was 
allegedly launched in breach of article 1,1. 
Again, the draft contains no clear 
definition of a ‘weapon’’. In its strictest 
sense, article 1.1 would preclude even the 
carrying of a hand gun or life-preserver by, 
say, senior officers of a large space station. 
Such a station, too, might well wish to 
deploy small rockets with explosive 
warheads to destroy artificial debris or 
meteors on a dangerous approach course. 
Would such rockets be classed as 
“weapons” if they were ‘‘accidentally’’ 
launched against the spacecraft of another 
signatory? Moreover, just as in 1967, the 
treaty makes no provision for inspection, 
simply calling (article 4.3) for consultations 
and exchange of information ‘‘where 
necessary’’. Without such provisions, any 
such treaty would be little more than an 
ethical gesture. Vera Rich 
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UK biotechnology 
Fast start 


Britain’s ‘‘official’’ biotechnology 
company, Celltech Limited, seems not yet 
to have decided how to respond to 
Stanford University’s advertisement of 
terms for non-exclusive licences to exploit 
the Boyer-Cohen patent. Part of the 
difficulty is that it is not yet clear how far 
companies outside the United States, part 
of whose business will come from the 
licensing of their own patent rights to other 
non-American companies, will be affected 
by the patent. But there is also an element 
of waiting and seeing. So far there have 
been no direct talks with Stanford. 

In any case, the company is probably too 
busy. Since Celltech moved into its new 
headquarters in Slough (20 miles west of 
London) just after Christmas, the staff has 
grown more quickly than originally fore- 
seen, to just about sixty. The company 
seems pleased with the eagerness of scien- 
tists to join up, mostly from industrial 
companies but with a substantial pro- 
portion of people from the universities. 

One of the newest and most significant 
recruits is, however, a sales invoice clerk. 
Although the company’s prospectus has 
made no bones about the time that will be 
needed to put biotechnology on the com- 
mercial map, it does plan to sell what it can 
as soon as it can. One of the first products 
will be an anti-interferon monoclonal 
antibody, principally for use by the manu- 
facturers of interferon. A laboratory for 
the preparation of this and other mono- 
clonal antibodies is being assembled. But 
the company is anxious that this part of its 
business should not be thought of as more 
than a kind of sideline. 

Understandably, the company is 
reluctant to say where its chief efforts will 
go, but gives the impression that it will not 
be investing a major effort in the 
production of interferon of any kind. At 
some stage, though, it seems clear that 
Celltech will be in the industrial enzyme 
business. For the time being, the practical 
aim seems to be to establish itself well in the 
basic techniques of genetic manipulation, 
among which nucleic acid chemistry and 
the techniques of gene expression are con- 
spicuous. 

The nucleic acid chemists have built 
themselves an automatic nucleotide 
assembly machine rather than buying one 
off the peg, chiefly for the flexibility that 
results, They claim that their machine will 
add nucleotides (up to a score or so) at the 
rate of one every half an hour, which means 
the production of one full-length oligo- 
nucleotide during each overnight run. 

Celltech’s fast start means that its initial 
capital of £12 million will be used up more 
quickly than originally foreseen. The plan 
now is to recruit up to 150 people by 
September 1983, half of them scientists. 

The shareholders in the company 
(among whom the National Enterprise 





Board is the largest, with 44 per cent) have 
agreed to the accelerated investment plan, 
and will take a close look at its successor in 
just over two years time. The officers of the 
company say that they are heartened by the 
long-term view taken by the shareholders, 
which also include the Prudential 
Assurance Company, the Midland Bank, 
British and Commonwealth Shipping and 
Technical Development Capital. This, the 
guess is, should give Celltech a good chance 
when, in two or three years, there is likely 
to bea shakeout in the biotechnology field. 

The company has no fixed ideas about 
the way in which it will sell its products, but 
plans not to enter the marketing of manu- 
factured products nor manufacturing as 
such (which does not exclude the setting up 
of manufacturing companies in partner- 
ship with others). Enquiries from industry 
have been flowing in, some of which may 
lead to research contracts. 

On the relationship between Celltech 
and the Medical Research Council, on 
whose developments the company has first 
refusal, Celltech says that developments 
not of direct interest may be licensed to 
others, in which respect the company will 
act asa kind of broker. It expects, however, 
to make direct use of most of the ideas sug- 
gested by the Medical Research Council, 
which, nevertheless, retains the right to by- 
pass Celltech if too much time passes. 


US graduate salaries 


Engineers ahead 


Washington 

Statistics for 1980 recently released by 
the US Department of Education show a 
significant increase in the number of 
bachelors and first professional degrees in 
science and engineering awarded by US 
colleges and universities for the first time 
since the early 1970s. 

The main reason for the increase is a 
growth of 11.5 per cent in the number of 
engineering graduates, continuing a trend 
that started in 1976. Since then, the rise has 
been balanced by a drop of about 4 per cent 
a year in the number of graduates in the 
social sciences and psychology — there was 
a drop of only 1.2 per cent in 1980. 

The continued growth in engineering 
graduates reflects the relatively high 
salaries that even first-degree graduates are 
being offered by industry. Figures 
published by the College Placement 
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Council two weeks ago showed that: 1981 P 
graduates are entering jobs with starting 
salaries between IO and 14 per cent higher o 
than a year ago. E 

The average starting salary for oe 
petroleum engineers with a bachelor’s level 
degree was $26,652, and for chemical” 
engineers $24,360. This compares with. 
starting salaries foreconomists with similar 
qualifications of $16,440, and for other 
social scientists of $13,992. a 

The high salaries being offered by 
industry also seem to be discouraging 
engineering graduates from staying omfo 
complete higher degrees, leading to dife 
ficulties in higher education institutions of 
attracting qualified teaching and research: 
staff. In comparison with the 11.5 percent . 
increase in bachelors’ and first degrees. 
awarded in engineering, the number ol. 
masters degrees in the same subjects rose by 
only 4.3 per cent, and the number of 
doctors’ degrees remained virtually. 
constant. i 

Concern about the implications of these 
figures has prompted Congress to oppose. 
President Reagan’s plans to eliminate the 
National Science Foundation’s support for 
graduate fellowships. Committees in both. 
the House and the Senate have agreed to 
restore funds for the fellowship 
programme, which makes about 500 new- 
awards a year, although the precise level of 
funding for the foundation's overall: 
education efforts has still to be negotiated. 
between the two legislative bodies. 

Another problem now emerging is. a. 
shortage of qualified science teachers: 
States have experienced a rapid decline in 
the number of science teachers turned out 
by their colleges of education; in physics; 
for example, the sapply of new secondary os 
school teachers has virtually dried up ata | 
time when warnings are being voiced In 
Washington about the dangers of oa” 
growing ‘“‘scientific illiteracy’ among the 
general populatior. 

According to Dr James Rutherford, who. 
has been appointed director of a new 
science education programme within the 
American Association for the Advances) 
ment of Science, many schools are 
reporting that their science teachers are. 
being approached with tempting job offers 
from private companies —- often mathe- 
matics and physics teachers are offered 
jobs in computer sciences at salaries con- ` 
siderably higher than they receive for” 
teaching. David Dickson. 






















Degrees awarded in 1980 (figures from National Centre for Education Statistics) 


Bachelors’ and first 
professional degrees 
Total 1,009,879 (+0,9%) 
Science and 
engineering 292,271 (+1.20) 
Science and 
mathematics 117,906 (-1.1%) 
Social sciences 
and psychology 114,469 (~1.2%) 
Engineering 59,903 (+11.5) 


Masters’ degrees 
299,492 (-0.9%) 


Doctors’ degrees os 
32,758 {=} 


16,495 (40.8%). 





$4,463 (—) 


22,023 (-1.2%) 8,559 (41.0%) a 


15,552 (~2.7%) 
16,888 (+ 4.3%) 


5,416 (40.8%) 
2,820 (40.1%) 





Values in parentheses are per cent changes from 1979 figures; a dash indicates no change. 
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Indian health care 
Keeping it simple 


Lucknow 

If India’s ambitious target of ‘‘health for 
all’? by the year 2000 is to be approached, 
then the present curative hospital-based, 
urban-centred health service may have to 
give way to simpler low-cost alternatives, 
especially in rural areas. 

Some advances. have been made in de- 
veloping ‘‘appropriate technology” for 
health care. Low-cost audiovisual aids and 
teaching methods. for various levels of 
health worker have been developed under 
the aegis of the Indian Council of Medical 
Research. The Central Scientific 
Instruments Organization has developed a 
cycle-ambulance with a stretcher for the 
patient and a seat for the attendant; a 
clinical thermometer with temperature 
ranges indicated as coloured bands for easy 
use by illiterate health volunteers; a simple 
apparatus for vasectomy, now ready for 
human trial; a fetal stethoscope which can 
detect a fetal heart beat at week 12 of 
pregnancy; a miniature cardioscope and a 
colorimeter. The Vector Control Centre, 
Pondicherry, has. demonstrated that 
certain fishes such as Aplocheilus blochii 
and Gambusia affinis, can be used as 
effective controls of mosquitoes, on whose 
» larvae they feed. 

For maternal and child health care by 
traditional birth attendants, called dai, a 
simple dai kit has been developed at the 
Postgraduate Institute of Medical 
Education and Research, Chandigarh. The 
kit should reduce the risks of tetanus, by 
achieving better asepsis, and helps the birth 
attendants to spot mothers and infants at risk 
~- again using colour-coding principles on 
measuring sticks and weighing scales. 

A much-needed boost to rural health 
care should come with the recent decision 
of the Indian government to set up a 
national committee on appropriate tech- 
nology for health care. The Indian Council 
of Medical Research is to provide technical 
support for the national health programme 
~~ and at a national workshop held recently 
by the council the value of community 
health volunteers and multipurpose health 
Zaka Imam 


Blood products 
Surplus sale 


Products extracted from donations to 
the British National Blood Transfusion 
Service, and for which the National Health 
Service has no use, may in future be sold to 
pharmaceutical companies, the 
government has decided. Although some 
companies have occasionally bought 
products from the transfusion service in 
small quantities, usually for research 
purposes, there have been no formal 
arrangements for buying in bulk. Thus 
British companies have had tc buy from 
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The decision’ to sell offsurplus: blood 
products has emerged from a. lengthy 
wrangle over the use of products-that are 
now discarded, expected to bé exacerbated 
as the transfusion ‘service puts into 
operation a plan to make more blood 
plasma available for fractionation. There 
has also been’a long discussion about the 
revamping and expansion of the Blood 
Products Laboratory, which carries out all 
fractionation of donated blood. The 
laboratory suffers from some of the 
problems of the former Lister Institute of 
Preventive Medicine, whose site it shares, 
The institute was closed in 1978 after it 
began to lose money and could not afford 
to modernize its facilities. 

An earlier government suggestion that 
the Blood Products Laboratory be handed 
over to commercial management fell flat 
after many organizations, including blood 
donor groups, trades unions and Labour 
Members of Parliament, objected to the 
rise of blood donated by volunteers for 
overtly commercial purposes. As a 
compromise, the government has decided 
to keep the laboratory firmly under the 
wing of the Department of Health and to 
sell products surplus to the National 
Health Service’s requirements. Any profits 
will be ploughed back into the health 
service, although it is not yet clear whether 
they will be spent on updating the 
laboratory. 

The success of the scheme will depend on 
whether the laboratory can supply com- 
panies with products they need. 
Companies are negotiating with the health 
department, which has said only that out- 
dated red cells and plasma fractions con- 
taining nonspecific antibodies will be avail- 
able. Products for which the health 
service’s demand exceeds supply, however, 
will not be for sale. They include factor 8, 
the blood clotting agent used for treating 
haemophiliacs, and albumin. 

Future sales will, however, depend on 
the plan to make more blood plasma 
available for fractionation, by substituting 
concentrates of red cells for whole blood in 
transfusions and on the laboratory’s ability 
to take on the extra work. The aim is that 
by the end of 1982, the laboratory will have 
enough plasma to produce two-fifths, 
compared with one-fifth at present, of the 
national demand for factor 8, in which it is 
hoped that Britain will ultimately be self- 
sufficient. That will mean that other 
products, such as factor 9, immunoglob- 
ulin and albumin, will be produced in 
excess and will be available for sale. 

One company now discussing its needs 
with the Department of Health is 
Beechams Pharmaceuticals Limited, 
which would like to buy plasminogen for 
clinical trials in the treatment of deep-vein 
thrombosis. Whether the laboratory will be 
able and willing to supply such specific 
products, or will simply make certain 
plasma fractions available, remains to be 
seen. Judy Redfearn 


Paying court 





Forensic scientists in Britain are rather 
touchy at the moment, following the 
suspension of one of their number for 
allegedly failing to reveal crucial 
ambiguities in evidence on blood samples, 
and now the “demotion” of another for 
writing a research paper which is said to 
reveal detachment. 

This second scientist resigned 
rather than accept a teaching post — 
which he regarded as demotion — and 
then went to an industrial tribunal to 
claim what he saw to be effectively unfair 
dismissal. However, the tribunal rejected 
the scientist’s claim, and he is to appeal to 
the Employment Appeal Tribunal in 
London on 3 September. 

His paper, which appeared in the 
official journal of the British Academy of 
Forensic Science -- Medicine, Science 
and the Law — in 1977 (vol. 17 no. 1, p.37), 
deals with the quantitative toxicology of | 
corpses — addressing the issue of how to 
estimate a drug or poison dose. The paper 
uses a simple law of linear diffusion to relate 
the drug content of various organs (taken! 
from the data sheets of real cases) to dose 
and time of death as estimated by the police 
and witnesses. The data are clearly very 
scattered and the fit loose, and the author 
concludes ‘‘A pessimistic view is that it is 
impossible to remove the last vestiges of 
alchemy from [forensic] toxicology 
because of the nature of the material for 
analysis. It may be, apart from the fact of 
death, that one cannot be absolutely 
certain of anything and there are always 
contrary authorities to be found’’. 

This conclusion may not have 
recommended itself to the Forensic Science 
Service, which’as part of the Home Office 
runs forensic science in the United 
Kingdom. Other forensic scientists may 
equally have been unsettled. 

















Robert Walgate 
US uranium 
Falling demand 
Washington 


A report from the US Department of 
Energy (DoE) has revealed just how 
depressed the domestic market for 
uranium has become. This was already 
evident from the dramatic price reduction 
in 1980, when uranium oxide fell from $43 
to less than $30 a pound. Now DoE has 
shown that, for the first time, the amount 
of new orders for future supplies placed by 
US utilities was more than outweighted by 
cancellations of existing commitments. 

The DoE’s report, A Survey of United 
States Uranium Marketing Activity, 
published last week, is based on infor- 
mation gathered from 60 utilities with 
nuclear reactor projects, 30 present or 
potential uranium users and five reactor 
manufacturers. It says that domestic 
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buyers contracted with US primary 
producers for an extra 12,500 tons of U,O, 
in 1980, but that this was offset by a 
reduction of 25,600 tons for commitments 
made under previous contracts. 

The survey showed that, despite the 
current depressed prices, most utilities and 
producers expect the price of uranium to 
rise sharply over the next decade; future 
contracts which guarantee a floor price for 
any 1 year quote an average of $75 a pound 
by 1990. 

The drop in uranium demand is blamed 
on the extended licensing period faced by 
companies building new reactors, a reflec- 
tion of increasingly stringent safety re- 
quirements and on the substantial reductior, 
in estimates for future demand for 
electricity as. the United States becomes 
more conservation-conscious, and energy 
costs continue to rise. 

Some business analysts feel that the price 
of uranium may have bottomed out, at 
least temporarily. According to calcu- 
lations by the Californian consulting 
company Nuclear Exchange Corporation 
(Nuexco), uranium prices remained vir- 
tually constant at $24 a pound between 
April and June, and actually increased 
slightly last month. 

However, the slump in prices — and 
demand — is clearly reflected in difficulties 
being faced by the uranium mining 
industry. Some estimate that as many as 
4,000 workers, 25 per cent of the work- 
force, have been laid off. 

This decline, too, is reflected in DoE 
statistics. In another report, soon to be 
published, the department notes that the 
uranium mining industry is entering a 
period of major retrenchment. Having 
initially planned to spend $316.5 million on 
new mining facilities in 1981, for example, 
the industry now estimates that total 
spending will be only about $172 million. 
Projections for capital spending on mill 
facilities have dropped even more 
dramatically, from $241.9 million to $99.3 
million. 

According to DoE officials, several 
processes are keeping the price of uranium 
oxide down. One is that many utilities, 
faced with high interest rates, are selling 
stockpiled uranium back to producers. 
Another is that, even though uranium 
mining has been cut back, production 
figures are still going up as companies work 
through stockpiles of ore. Nuexco had 
predicted a drop of 2.5 million pounds 
between 1979 and 1980 to about 34.5 
million pounds — still about double the 
amount consumed by the nuclear industry. 

In fact, however, production increased 
by 13 percent to 42.5 million pounds. Some 
wastes which have already passed through 
the mill are being rerun, a way of obtaining 
more uranium oxide without having to pay 
for any extra mining. Some industry 
analysts feel that this will continue, so that 
even if demand picks up it will not be 
reflected by an immediate boost for the 
mining industry. David Dickson 





German cancer research 





Politics ousts science 


Brussels 

The scandal at the German Cancer 
Research Institute has grown into a 
national issue. The scientific director has 
resigned, the administrative director 
appears to have been removed, the 
oppositions parties (CDU/CSU) have 
attacked the government and the institute 
itself is now involved in internecine strife. 

The national research centre in 
Heidelberg is a union of eight institutions 
centrally administered by the Bundes 
Ministerium für Forschung und 
Technologie (BMFT), with a 1981 budget 
of DM 79 million ($1,817 million). The 
latest scandal began with the appointment 
of Dr Hans Neurath, born in Vienna, but 
previously professor of biochemistry at the 
University of Washington, as the centre’s 
scientific director. The post had been 
vacant since 1976 and the chief 
administrator, Bodo Spiekermann, was 
relieved to have found someone with the 
qualifications and drive to attempt the 
much needed reorganization. 

The other directors of the centre were 
not consulted about the appointment and 
soon raised a storm about the professor’s 
demand that the institute pay for a villa in 
addition to his salary of DM 167,000 year. 
The attack soon broadened to Neurath’s 
qualifications and it turned out that he had 
in fact previously only been scientific 
advisor to the University of Seattle. 

The centre’s director for toxicology and 
chemotherapy, Professor Dietrich 
Schmaehl, declared that Neurath could not 
possibly be sufficiently knowledgeable 
about cancer research to take over 
leadership of the centre. Nothing daunted, 
Neurath set about appointing outside 
investigators to assess the value of the 
research projects in hand with the intention 
of directing resources to the most 
promising areas. The multidisciplinary, 
clinically-orientated approach was 
rejected, and Neurath, with the support of 
the ministry’s director, Wolfgang Spinke, 
proposed to cut back on activities such as 
nuclear medicine and chemotherapy. 

The zeal with which Neurath set about 
reforming the institute inflamed the 
already poisoned atmosphere, the battle 
amongst the divided researchers spilled 
over into the press and by May this year it 
had become a political issue, with the 
opposition, CDU/CSU, siding with 
Neurath’s opponents and the government 
defending its appointee who by then had 
been in charge for a year. 

The opposition claimed that the 
administration of the centre was chaotic 
and scandalous. By July CDU/CSU was 
describing the working climate as 
completely destroyed by internal power 
struggies complete with the ‘‘terrorization 
of administrative personnel’. 

On 24 July, Neurath announced that he 
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had resigned but would explain the reasons 
for his decision only in September. BMFT 
also announced that Spiekermann was- 
being withdrawn, and the conflict became. 
an out and out baitle between the ministry 
and the research centre. The ministry now 
plans to examine the scientific activities of 
the centre since 1973. : 
The latest chapter in the saga is thë- 
government’s reply to the CDU/CSU’s: 
accusations in July. lt reaffirms BMPT’s - 
desire to strengthen pure research rather- 

than to concentrate on already well-explored: 
areas. In addition, the government says il 
has long been convinced that the quality of 
the centre’s research could be improved 
and that the routine work carried out runs 
counter to the aims of the centre. ‘‘Internal 
egoism’’, it says, has been responsible for 
the present situation; the attack against 
Neurath is merely an attempt to divert 
discussions from the real issues at stakes’. 
Jasper Becker 


Productivity by numbers | 


India, Eastern Europe and Israel stand 
out as being unusually scientific in the 
accompanying graph prepared by 
sociologist Dr Pedro Gonzalez-Blasco of 
the University Alcala de Henares, 
Madrid. ; 
The plot shows the number of scientists 
per hundred thousand population against 
gross national product (GNP) per capita 
in 1967. The box encloses Western 
European countries. The main trend is 
for the proportion of scientists to rise at, 
about the third power of GNP per capii 
— so that scientists are added mo 
rapidly per unit of additional GNP the 
higher the GNP. However, this may bel 
read in two ways. Are the countries above 
the trend more effective at creating 
scientists? Or are their scientists less 
effective at creating wealth? Li 

Dr Gonzalez-Blasco’s plot formis. part 
of the background to a seminar on the 
state of physics in certain less developed 
European countries to be held in Istanbul, 
on 4-5 September under the auspices-of} 


the European Physical Society. 
| 
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Badger vaccination 


Str — It was noble of Mr Rees (Nature 9 July, 
p.104) to come to the defence of the 
Zuckerman report; however, my criticisms 
were of the report rather than the Ministry. 

Mr Rees misreads my plea that some 
attention should be paid to vaccination of 
badgers, as advocacy of vaccination as the 
answer. 

It is well known that BCG is one of the less 
effective vaccines in man, both in the 
percentage of the population protected, and in 
the type of protection afforded (infection is 
not prevented, it is merely limited). Reports 
have shown that protection can vary from 
78% of the vaccinated (human) population at 
best to negligible responses at worst. However, 
protection of only some of the population is 
epidemiologically significant, and whilst 
protection may not be absolute it is of proven 
value in reducing the transmission to further 
individuals — the significant factor here. The 
epidemiological basis in controlling a disease is 
to reduce the number of individuals infected 
by each diseased animal in its lifetime to less 
than one. Therefore any means of reducing the 
number of susceptible individuals contacted by 
each infected badger will be of significance. 
(Gassing undoubtedly comes into this 
category). 

Though attempts to vaccinate foxes orally 
(against rabies) have shown what problems 
there can be, badgers are well known among 
zoologists for the ease with which they will 
take quite considerable quantities cf easily 
prepared oral baits. This has been used to 
advantage in a variety of ecological studies. 

The degree of infection in some areas was 
also cited as a reason against vaccination, and 
whilst gassing may be the most effective 
approach in severely affected areas, it is 
nevertheless still the case that vaccination 
alone, if feasible, would have some positive 
effect. What does not appear to have been 
considered was the value of vaccination in less 
infected areas, or even ring-vaccination 
around those areas to be gassed (migration 
into cleared areas being a problem). 

At this stage all conjecture is limited by the 
lack of knowledge. However, I must still 
regret that the report did not more positively 
specify research aims. I still believe 
vaccination to be one of these. 


M.J. CHAPMAN 
Easingwold, 
York, UK 


White or brown? 


Sie — Concluding his review of two important 
books of contemporary scientific and medical 
interest on dietary fibre and health', John 
Yudkin says “Let us by all means eat brown 
or wholemeal bread if we like it. But let us not 
delude ourselves that it will make us healthier 
or prolong our lives’’. This statement is not 
justified by the data available on the efficacy 
of dietary fibre in lowering disease risk. There 
may be useful effects of certain dietary fibres 
in preventing or ameliorating intestinal 


diseases in general, but this aspect is for others 
more expert to discuss?3. We now comment 
on the scientific aspects of fibre use in relation 
to colon cancer. 

Countries with a high incidence of 
atherosclerosis and coronary heart disease 
usually have a high incidence of colon cancer, 
and vice versa*®, For example, Great Britain 
has a high incidence of both kinds of disease, 
the Japanese a low incidence. Finland is an 
exceptional country, exhibiting a high 
incidence, in fact among the highest in the 
world, of atherosclerosis and myocardial 
infarction; however, interestingly, their colon 
cancer incidence is only slightly higher than 
that of Japan, but much lower than the other 
Scandinavian countries’®. Independent groups 
in the United States and Europe have 
investigated the underlying mechanism?-!, 
Detailed inquiry showed that the Finnish 
people consumed a diet not too different with 
regard to the amounts of most components, 
especially lipids and proteins, from those of 
people in New York or Copenhagen, so, by 
current concepts their diet and nutrition 
account for their high incidence of heart 
disease. However, the Finnish people also 
consumed rather large amounts of whole grain 
bread and other sources of cereal fibre, 
resulting in a stool bulk two to three times 
larger than those of the populations in New 
York or Copenhagen. At the level of 
metabolic epidemiology?” specifically in 
relation to secondary bile acids which were 
demonstrated to be promoters in the 
carcinogenic process!!, the people in Finland 
and New York showed the same total bile acid 
levels, as would be expected with similar lipid 
intakes. However, and importantly, because 
of the increased stool bulk in Finland, the 
concentrations of bile acids were much lower 
—- similar to the concentration found in 
Japan. The Japanese level was that low, not 
because of high fibre intake, but because of 
low fat intake!*. Thus, the epidemiology was 
explained by metabolic biochemical 
approaches, and it was demonstrated through 
studies in man that cereal fibre accounted for 
a decreased risk of colon cancer in Finland. 
Furthermore, parallel studies showed that 
cereal fibres, particularly bran, could decrease 
the incidence of colon cancer in animal 
models!?:!4, The few instances where this was 
not so involved feeding the fibre during the 
period when carcinogen was administered, but 
not during the important promotion phase!S, 
or when too high a level of carcinogen was 
administered, thus overwhelming the 
promotion phase where cereal fibre exerts its 
major protective role!®, 

To be sure, more research is necessary on 
the effect of diverse fibres, and in fact on the 
effect of other micronutrients. Unlike Yudkin, 
we believe that the present data base is 
adequate to conclude that brown or wholemeal 
bread with adequate fibre and other whole 
grain cereals, such as bran-containing 
breakfast cereals, are not only tasty but, 
indeed, have every chance of reducing the risk 
of colon cancer, a major type of cancer in the 
Western world. It is so easy to implement, and 
in fact would simply be a return to the 
situation prevailing before extensive milling of 
cereals removed much of the valuable fibre. 
Thus, adverse health effects owing to possible 
mineral imbalances are unlikely. The 


consequences in lowering the risk of colon 
cancer, possibly other intestinal disease and 
even early diabetes!”:!8 would be appreciable if 
not dramatic”. Please, Dr Yudkin, be 
objective. 


J.H., WEISBURGER 
B.S. REDDY 


American Health Foundation, 
Naylor Dana Institute 

Jor Disease Prevention, 
Valhalla, New York, USA 
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Yudkin’s answer 


Sik — My article, to which Weisburger and 
Reddy refer, was a review of two recent 
publications, both entitled Medical Aspects of 
Dietary Fibre. One of these was a report of the 
Royal College of Physicians, which had this to 
say about fibre and colon cancer: 
“There are reasonable grounds for the 
statement that, in genetically susceptible 
persons, large bowel cancer could be 
favoured by a fibre-depleted diet, but other 
explanations for the commonness of this 
cancer in Westernized countries are possible. 
Definite conclusions must await the 
identification of the carcinogen(s) and the 
study of environmental factors on its 
production.” 
As the references mentioned in the report 
make clear, the authors made at least as 
exhaustive a study of the literature as did 
Weisburger and Reddy in their letter; they also 
include the papers published by these workers, 
The RCP authors, however, were clearly not 
as convinced that this evidence was conclusive 
as are your correspondents. In suggesting that 
fam not objective in my account of the role of 
dietary fibre in preventing colonic cancer, 
Weisburger and Reddy are really saying that 
the RCP itself was not objective when writing 
its report. f 


Jons YUDKIN 


London NW3, UK 
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The longest synthetic gene. . .so far 


Less than two years ago, an attempt to 
synthesize a human interferon gene would 
have literally been impossible. For it is just 
two years since nucleotide sequences of 
interferon genes were first determined by 
using reverse transcriptase to make DNA 
from messenger-RNA molecules taken 
from cells induced to produce interferon. 
Since then, similar DNA copies of mRNA 
have made it possible to show that thereisa 
whole family of interferon genes in the 
human genome — several corresponding to 
leukocyte interferon (the a variety) and 
fewer corresponding to fibroblast 
interferon (called f) and the more elusive 
immune interferon (y). Inevitably, the 
amino acid sequence of each of these 
interferons has not yet been worked out 
directly, by chemical analysis; instead, the 
protein structure has mostly been inferred 
by applying the genetic code to the 
sequence of nucleotides in the gene. So itis, 
to say the least, a technical triumph that a 
group assembled by ICI should now have 
carried through the total synthesis of a 
human interferon gene (see Edgeet al., p.756). 

This gene is the largest so far 
synthesized, no fewer than 514 nucleotides 
long. Given that it has been necessary to 
string together the nucleotides of both the 
complementary DNA strands, more than 
1,000 nucleotides have been assembled in a 
predetermined way. 

The chemistry of the synthesis is more 
easily described than carried out. The 
starting point is an initial nucleotide 
coupled to a polyacrylamide resin. Further 
nucleotides are added in pairs, by means of 
a coupling agent in anhydrous pyridine, 
and the authors say that the time taken for 
each cycle is a mere hour and a half. At that 
rate, ambitious people might calculate, it 
should be possible to assemble 5,000 
nucleotides in a year, or a whole genome in 

aœ well, a few centuries. Calculations 
such as these show that even the modifi- 
cations of DNA-synthesizing techniques 
worked out by the [CI group fall along way 
short of assembling whole genomes. 

Indeed, as now described, short sections 
of each strand 15 or more nucleotides in 
length have to be made separately so as to 
keep the yield of the synthesis respectably 
high, and then short pieces of the double 
helix assembled before being joined 


together in the complete gene. That the 
gene is complete has been shown by its 
incorporation into a plasmid, its 
amplification and subsequent analysis. 
Edge and his colleagues do not say whether 
their plasmids have been able to direct the 
synthesis of proteins — and if so, what they 
are — but something is produced, for a 
further report on its biological activity is 
promised. It would be a great surprise if the 
product were not a-interferon. 

The gene now synthesized is not however 
anaturally occurring gene but an analogue, 
designed so as to simplify the synthesis, but 
also to avoid combinations of 
neighbouring nucleotides that may impede 
expression of the gene in its unnatural 
environment of the plasmid. It should 
make one of the versions of a-interferon 
and, with luck, should do so more 
efficiently. But it would be sheer good 
fortune if the gene now synthesized turned 
out to be a superabundantly efficient 
interferon gene. The importance of this 
development is not the gene itself, but the 
demonstration of the technique. It is a little 
like climbing Everest, known to be easier 
the second time. 

But these days, it is possible to buy 
machines that will automatically assemble 
nucleotides in some predetermined 
sequence. What can be so special about the 
synthesis of this artificial gene? For one 
thing, the simple assembly of a score or so 
of nucleotides is only half the battle. 
Purification is a tedious and even uncertain 
business. Prudent people make sure that 
the nucleotide sequence they have made is 
indeed the one they set out to make by sub- 
sequent analysis. But the most important 
need in the construction of a largish gene 
is an intelligent strategy for deciding what 
pieces of the gene to make, and in what 
order to assemble them. The use of 
computers to spot sequences in the target 
gene that might cause trouble during its 
assembly is also obligatory. 

This does not mean that the work now 
reported is simply a technical tour de force. 
In the past few years, synthetic pieces of 
genes have been widely used in several 
different ways — as probes for finding 
within some intact genome a piece of 
genetic material containing some 
particular sequence, for example. Those 


whose business is to insert foreign genes 
into plasmid DNA increasingly find it 
safest to resynthesize the ends of the genes 
back to the nearest convenient restriction 
site so as to ensure that nucleotides are not 
lost when the tails needed for ligation to the 
plasmid DNA are added chemically. 
Fashioning pieces of DNA expected to 
have important functions such as those 
acting as sites for the promotion of 
replication has also become fashionable and 
valuable. But for a group with its roots in 
the pharmaceutical industry, it must be 
especially pleasing that it is now possible to 
plan systematically to vary the constitution 
of a gene for the sake of the variations of 
protein structure that result. Is there justa 
trace of nostalgia in the statement that 
“classical medicinal structure~activity 
analysis should [now] be possible with large 
peptides’’? 

The prospect is exciting. There is already 
ample evidence, derived from the 
experience of traditional pharmacology, 
that natural products can usually be 
modified to make more efficient drugs. The 
changes rung on the structure of the 
naturally occurring antibiotics in the past 
several decades are a sign of that. The 
interferons promise to be a nightmare for 
pharmacologists — whatever their 
biological effects, unspecificity seems to be 
their common characteristic. So it is 
natural that in the past few months, there 
has been great interest in hybrid molecules 
of interferon — one end from one and the 
other from another. Now it should be 
possible to set about making more subtle 


modifications, not those that depend on ~ 


where some restriction site within the gene 
happens to fall. The result should help 
throw light on the functions of different 
parts of the interferon molecule. Yet 
improving on naturally occurring 
interferon is bound to be a daunting task. 
While reliable biological assays of the 
effectiveness of molecules related to 
interferon are few and far between, and 
while the efficiency with which interferon 
genes embodied in plasmids yield protein 
product is as low as at present, H would be 
hoping for too much that the uncertainties 
that abound in the genetic engineering of 
medicinal interferon will quickly be cleared 
up. 


a 
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Saturn’s rings 


Mucu of the interest in Saturn’s rings 
during the impending close encounter of 
Voyager II will centre on explanations of 
the structure of the ring system, involving 
either resonance with the major planetary 
satellites or the effects of smaller satellites 
co-moving with the rings. The excitement 
may obscure the argument due to Joseph 
E. Avron and Barry Simon (Phys. Rev. 
Lett. 46, 1166; 1981) published earlier this 
year that the radial structure of the rings 
of Saturn may simply reflect the 
instability at certain radii of solutions of 
the full many-body problem. 

The argument is simple, although 
incomplete. Ignoring all but Saturn and 
one ring particle, supposed of negligible 
mass, orbits with all possible periods of 
revolution between that of the orbit that 
grazes the equator of the planet and 
infinity are stable. No more complicated 
version of the problem is, however 
exactly soluble. The general equation of 
motion is, however, f= F(r(/)) where the 
force-function F, a vector function, itself 
entails a solution of the many-body 
problem of Saturn, together with its 
substantial satellites and, for that matter, 
the Sun. 

Approximations are evidently 
necessary, one of which is that the true 
force-function should be represented as 
the sum of forces within the equatorial 
plane and those perpendicular to it — 
whereupon it is also sensible to represent 
the radius vector as the sum of a vector in 
the plane and another perpendicular to it 
with the form w(t). To a first 
approximation, supposing w to be small, 
the result is the need to solve a 
Schrodinger equation with (at best) a 
quasi-periodic potential. This simplest 
version of the problem of the motion of 
Saturn’s ring particles can, in other 
words, be approximated to by the still 
insoluble problem of knowing what states 
are accessible to an electron in a quasi- 
periodic electric potential. 

The upshot is that many periodic 
solutions of the simplest equations are 
unstable and therefore, over a substantial 
period of time, untenable. But which are 
they? 

Avron and Simon did not pretend, in 
their paper published at the end of April, 
to be able to calculate the periods of the 
orbits that would be unstable (and thus 
the position of the gaps in Saturn’s rings). 
Instead, they argued that even the 
simplest approximation to the many- 
body problem gives rise to Schrodinger- 
like equations whose solutions are res- 
tricted. Some orbits are possible and 
stable. Others are not. Avron and Simon 
surmise that between the rings, stable 
orbits should be distributed in radius as 
the numbers in a Cantor set — sparsely 
but not isolated. 
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Solar spin variation 


from David W, Hughes 


One of the most striking features of normal 
main-sequence stars is the great difference 
in the angular momentum per unit mass 
between the early and late types. There is a 
sharp drop at spectral type F, as shown in 
Fig.1. Some braking process must act 
preferentially on stars of low mass. 


Spectral type 
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Fig.1 The equatorial rotational velocity of 

main-sequence stars plotted as a function 

of spectral type and stellar mass (measured 
in units of the solar mass). 


Schatzman (Ann. Astrophys, 25; 1, 
1962) pointed out that braking would occur 
if the gas emitted by a star was magnetically 
constrained to co-rotate with the star out to 
distances that were large compared with 
the stellar radius. Under these 
circumstances a small amount of mass loss 
would yield a proportionally much greater 
loss of angular momentum, simply due to 
the effective increase in the moment of 
inertia of the outflowing gas. The 
efficiency of the braking depends on the 
strength of the subsurface convection 
which is itself closely related to the mass of 
the main-sequence star. This convection is 
also responsible for the surface activity, 
such as sunspots, for the corpuscular 
emission associated with these spots and 
for part of the general magnetic field of the 
star. 

Edward H. Geyer of the Hoher List 
Observatory, University of Bonn, has 
studied the braking of solar rotation by 
magnetic activity and his conclusions have 
recently been published in The Moon and 
the Planets 24, 399; 1981). Geyer com- 
pares the Sun with the primary component 
of the eclipsing binary XY Ursae Majoris 
(UMa). This is a solar-type star, with 





Fig.2 The decay of the solar equatorial 
rotational velocity, V3,, and the mean 
sunspot activity, R, as a function of 
time. Zero represents the present day. 
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similar mass but about 50 times more mag- 
netic activity than the Sun. The binary has 
an orbital period of 11.5 hours, the 
components are close and suffer 
considerable tidal deformation. The XY 
UMa primary has a spot cycle of about 3.7 
years, in comparison with the solar cycle of 
11.04 years. At maximum the XY UMa 
primary has about 20 per cent of its surface 
covered in spots. XY UMa is spinning 
quickly — the braking that would lead toa 
loss of rotational angular momentum is 
counteracted by a replenishment from the 
much larger orbital angular momentum of 
the secondary by a tidal feedback 
mechanism. 

The rotational angular momentum of a 
star on the lower main sequence determines 
its spot activity. As magnetic brakes have 
been applied to the Sun for at least the past 
4.6 x 10° years, the Sun must have been 
spinning faster and showing more 
magnetic activity in the past. Geyer 
assumes that the loss of angular 
momentum takes place at the same helio- 
graphical latitudes (5° to 40° north and 
south) as the maximum spot activity; this 
maintains the differential rotation. He also 
assumes that the mass loss is less than a few 
per cent of the present mass and that the 
radius has remained constant. He con- 
cludes that the angular velocity and the 
spot activity both decay exponentially, 
with a mean lifetime of 1.55 x 10° years. 
Today the mean sunspot number, R, is 51 + 
35 and the equatorial spin velocity is 2.02 
km s!. The values of these quantities in the 
past are plotted in Fig.2. 

The effects of these changes are 
interesting. In the past, the faster spinning 
Sun would be more oblate, which would 
perturb the orbital motion of the inner 
planets. The greatly enhanced sunspot 
activity must have influenced the evolution 
of life on the Earth. The increase in solar 
particle flux and extreme ultraviolet 
radiation would disturb the terrestrial mag- 
netic field and the original atmosphere; the 
production rates of carbon-14 and tritium 
would be higher than they are today; and 
the atmosphere would be enriched in > He. 

Geyer concludes that evolution of life 
and its transference from the protecting 
water to the exposed land were governed by 


pan 


the solar activity and its decay with time. D 


Mean sunspot number, 
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Cosmochemistry and the origin of life 


from Geoffrey Eglinton, Ann Henderson-Sellers and Stephen Moorbath 


AT a recent NATO conference* on 
‘Cosmochemistry and the origin of life’, 
Ponnamperuma (University of Maryland) 
summed up the overall picture by showing 
that there is a continuity stretching from 
space through to the present in terms of the 
formation of organic molecules and those 
that are found: in present-day living 
organisms, and held that this is the natural 
course of events. Viola (Indiana 
University) started with the ‘big bang’ and 
then discussed nucleosynthesis and the 
abundance of the elements, particularly 
those essential to life, He also discussed the 
life cycle of stars. and models of the 
Universe — salutary topics which should 
be compulsory .course work for all 
scientists at some stage in their careers. 
Greenberg (University of Leiden) and 
Irvine (Chalmers. University, Sweden) 
continued with details of the nature, 
composition. and distribution of the 
interstellar dust -and gas medium, and 
emphasized the enormous reservoir of 
organic molecules and most basic raw 
materials of life known to exist in 
interstellar space. Conference participants 
thought it unnecessary, at this state of our 
knowledge, to invoke Panspermia — the 
seeding of our planet, at any stage in its 
history, by life from extraterrestrial 
sources. In this much publicized context 
the conference generated neither science 
fiction nor science friction, 

NASA's spaceship Enterprise, ably 
piloted by de Vincenzi (NASA 
Headquarters}, took us on a tour of the 
Solar System, culminating in an account of 
the Mars Lander’s biological experiments. 
Initial optimism and excitement soon gave 
way to the more sober realization that 
surface oxygen release could be better 
accounted for by presence of labile, active 
inorganic oxides in martian soil than by 
biological activity. Prospects for 
contemporary life on Mars are bleak, but 
perhaps in its originally airier and wetter 
manifestation it might have temporarily 
harboured the seeds of early life. The rest 
of the Solar System is decidedly no place 
for protoplasm! 

The conference then rapidly came down 
to Earth. However improbable it seems, 
life and mind flourish, and some 4 billion 
years separate the earliest replicating 
organic molecules from the deliberations 
of the present conference. After presenting 
an inventory of terrestrial surface carbon, 
Henderson-Sellers (University of Liver- 
pool) noted that, without its hydrosphere 
and biosphere, the Earth would be very 
similar to Venus, where carbon dioxide is 
not tied up in carbonate rocks. She, as well 
as Ponnamperuma, summarized much of 





*The NATO Advanced Study Institute was held in Maratea, 
Italy on 1-12 June 1980. The director of the institute was 
Professor Cyril Ponnamperuma. 
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the evidence that the atmosphere of the 
early Earth was dominated by carbon 
dioxide, water, nitrogen and possibly some 
carbon monoxide, and not by ammonia, 
methane and hydrogen as was once widely 
believed. The bulk of the hydrosphere was 
undoubtedly present from very early 
prebiotic times. Ample energy sources, 
including electrical discharges, ultraviolet 
radiation, radioactivity and volca- 
nic/geothermal heat, were available on the 
early Earth to foster complex, prebiotic 
organic syntheses from relatively simple 
mixtures of volatiles and gases, with clay 
minerals as a likely base for the earliest 
biotic processes. 

Moorbath (University of Oxford) 
showed that isotopic dates on early 
Precambrian sediments containing 
biological or molecular fossils could 
frequently be obtained from strati- 
graphically closely associated igneous 
rocks, and more rarely from the sediments 
themselves. Algal stromatolites and other 
simple cellular structures were known from 
sediments probably as old as 3.5 billion 
years, although in some cases there is a 
worrying stratigraphic gap between the 
sediment and the dated igneous rock. 
Whether the Isua metasediments of West 
Greenland, dated at about 3.8 billion 
years, contain biogenic markers is still a 
matter of controversy. Schidlowski (Max- 
Planck-Institut, Mainz) is convinced from 
detailed carbon isotope studies that Isua 
carbonaceous sediments represent a 3.8 
billion year-old record of biological 
activity. There is a continuity of the 6UC 
record from the present back to Isua times, 
and yet the Isua rocks also exhibit a marked 
shift in 63°C which may result from their 
strong metamorphic overprint. Indeed, 
some workers claim that the 63°C record of 
the Isua rocks has been achieved by 
metamorphism alone. Walters (University 
of Maryland), after painstakingly 
pyrolizing 27 Isua graphite samples, 
observed no trace of biogenicity, with one 
possible exception. The metamorphism 
was certainly intense enough to erase any 
biogenic evidence. 

Ochiai (University of Maryland) pointed 
out that bioinorganic chemistry was 
essential for understanding chemical 
evolution. Many trace metals, such as Fe, 
Cu, Mo, Mn, Co, Zn, Ni, Cr and V, form 
complexes which catalyse organic reactions 
considered essential for life processes. He 
also discussed the problem of the major 
Precambrian Banded-iron Formations, 
ranging in age from about 3.8 to 2.2 billion 
years, and regarded by many as biogenic 
markers in the sense that their precipitation 
may have required oxygen released from 
marine organisms, in the virtual absence of 
atmospheric oxygen. This ‘iron age’ was 
followed at about 1.5 billion years onwards 
by copper sulphide deposits — the ‘copper 


age’. Before this, prevailing redox 
conditions would not permit copper to 
appear in a dissolved, mobile state. A 
tentative correlation might be made 
between the sudden appearance of the 
copper deposits and the distribution of 
copper enzymes in present-day organisms. 
In this view, the copper superoxide 
dismutase is a later and more efficient 
development than the manganese and iron 
superoxide dismutases. 

From the organic record in more recent 
sediments, Eglinton (University of Bristol} 
produced abundant evidence that 
molecules can retain a high degree of 
structural and stereochemical specificity 
over hundreds of millions.of years if they 
are not exposed to raised temperatures or 
subject to oxidation or micrebial attack. 
Specific biological marker. compounds, or 
‘chemical fossils’, can be interpreted in 
terms of the palaeoenvironment. The 
thermal history of a sediment can also be 
understood in terms of epimerization, 
aromatization and carbon-carbon bond 
cleavage reactions observed in samples 
with different burial -histories. Of 
particular interest is the possibility of 
relating the molecular lipid record to 
microbial activity. Thus the archebacteria 
display unusual membrane lipids which 
may provide a clue to their activity during 
the Precambrian. 

All participants agreed that. there is an 
urgent need to continue the search for 
ancient, unmetamorphosed sediments 
from the earliest accessible 
Precambrian, so that miero- 
palaeontologists, inorganic and organic 
geochemists, clay mineralogists, geologists 
and geochronologists can work closely 
together towards a progressive 
characterization, through geological time, 
of the biological record in the rocks. 
Recent geological work clearly shows that 
the earliest known (about 3.8-3.5 billion 
year) sedimentary and volcanic rocks 
characterize a depositional environment 
which is totally compatible with conditions 
now widely regarded as favourable for the 
earliest life on Earth. Of course, one big 
question was forcibly put to us by the 
students — ‘‘when did life begin?’’. The 
best bet was 4.0+0.1 billion years ago. The 
origin of life could be even older, but most 
people agreed that it was unlikely to be 
younger. 

Altogether, it was a creative and original 
Study Institute, which looked as much into 
the future as iato the past. Is it just 
conceivable that a conference on the same 
topic is at this moment being held 
somewhere else up there in the night sky? © 








Geoffrey Eglinton is in the School of Chemistry, 
University of Bristol; Ann Henderson-Sellers is 
in the Department of Geography, University of 
Liverpool, and Siephen Moarbath is in the 
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Holocene wiggles 


from R.W. Fairbridge 


THE trouble with time series relating to 
geophysical and climatic phenomena is 
that the instrumental data base is often less 
than 100 years long, whereas many of the 
suspected planetary steering mechanisms 
operate on quasi-periodic wavelengths in 
excess of 10° years. More precise chrono- 
stratigraphical methods are needed when 
looking for correlations in the area of 
celestial mechanics where hindcasting may 
often be estimated with a year-to-year 
accuracy, for at least 10* years. The 
customary geological dating technique in 
this age range, radiocarbon, commonly 
suffers from an accuracy of only + 250 
years OF so. 

Some new developments discussed at a 
recent meeting* promise to provide a year- 
to-year chronology dating back to beyond 
13,000 Bp, with a precision of + 1 year. 
First, there is the old varve chronology of 
De Geer. To begin with it suffered from a 
‘bad press’; people did not feel much 
confidence in a simple thickness counting. 
But over the past two decades the Swedish 
scientists and government have considered 
it important enough to spend several 
millions of kronor proving the accuracy of 
the method (within the error limits of 
radiocarbon), and re-counting the old 
series. I. Cato (University of Uppsala) 
recently completed the count up to AD 1980 
and incidentally has shown that it is the 
annual peak flood (1-2 days) that corres- 
ponds to the maximum thickness of the 


*A conference on ‘Holocene Correlanion’ was held on May 1, 
1981 at the Warburg Institute, University College London, 
under the auspices of the UNESCO-supported International 
Geological Correlation Programme no.i$8. The meeting was 
jointly chaired by Dr Derek Schove and Professor Rhodes W. 
Fairbridge. 








summer varve. Soon it will be possible to 
state the peak flood years in south and 
central Sweden for the past 13 millennia. 

Second, the '8O/'°O analyses of ice 
cores taken in Greenland and Antarctica 
are being extended and ‘massaged’ to 
generate far more precise time series than at 
first seemed possible. At the meeting, C. 
Langway (SUNY, Buffalo) described some 
of the techniques and W.D. Hibler (Cold 
Regions Research Laboratory, New 
Hampshire) demonstrated an approxi- 
mately 20 year cycle recognized in both ice 
cores and tree rings since AD 530. W. 
Dansgaard (University of Copenhagen) 
recently reported! some of the ice-core 
problems and solutions. Absolute (year-to- 
year) counting now goes back nearly 2 
millennia and is rapidly being extended. 
Hammer, Clausen and Dansgaard? have 
described an ingenious pH-measuring 
device that records the acid layers in the ice 
cores that develop as a result of volcanic 
gas ‘rain-out’. As Clausen (University of 
Copenhagen) demonstrated at the 
meeting, it is now possible to identify many 
historically known volcanic eruptions and 
thus independently confirm the layer 
counts. When combined with the oxygen 
isotopes, this gives a climatic reading. 

The third category of Holocene wiggly- 
line time series concerns dendrochron- 
ology. In contrast to varves and ice cores 
that reflect regional climatic trends, tree 
rings initially reflect only individual trees, 
but with regional studies and sophisticated 
analysis this material also furnishes 
valuable climatic series. In addition, and 
most importantly, the tree rings provide a 
fourth wiggly line — the variations in the 
radiocarbon flux — from which come the 





100 years ago 


NOTES FROM THE MALAY 
ARCHIPELAGO 


in Java sends us the 


A correspondent 
following:- 

The cattle plague has been raging in the 
west end of Java, Bantam, the Preanger, and 
Batavia residences — during the west 
monsoon (now finishing) with redoubled 
vigour. It has now abated a little (after four 
years it may well do so, from want of 
| victims) in these parts, but is extending 
| eastward, its appearance in Krawang being 
| the most alarming. The authorities have 
| decided upon making a double-fence right 


be 








aioe | 
across Java at its narrowest part. This means 
a line from somewhere about Cheribon due 
south. In the interval — a considerable one 
~— between the two fences, no cattle will be 
allowed to pass or exist. 

There is a bird (native name Jallak) which 
follows the buffaloes about and perches on 
their backs. Query, can this bird have 
anything to do with the spreading of the 
plague? If so | don’t see what Government 
can do. They can’t fence him out. 

In all the parts where the cattle-plague has 
raged the most awful fevers have been the 
result amongst the native population. In 
Bantam alone 50,000 died in 1880. In the 
Preanger and Batavia the death-rate was also 
very high. There is no doubt whatever that 
this is due to the imperfect interment of the | 
carcases. The Government says it is due to 
the wet season; but this is a lame excuse, for 
why is there no fever elsewhere? In the wet 
season it is, of course, worse, for the heavy 
rains cause more miasma. 





From Nature 24, 25 August, 399, 1881. 
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cosmic ray and solar wind fluctuations. We 
now have a picture of solar activity that 
takes us back nearly 8,000 years?, and this 
limit can be extended to beyond 13,000 BP 
as soon as some floating chronologies can 
be tied in. 

The problem of floating time series is a 
speciality of D. Schove (St David’s 
College, UK). There are numerous varve 
and dendrochronological series from 
Europe, North America, South America 
and Asia that have not been tied in to a 
known datum. If these long runs can be 
spliced together we shall get a year-by-year 
record of climatic events (local, regional 
and, we hope, global) going back nearly 
14,000 years. Schove works on the 
principle that most of the wiggles represent 
local climatic ‘noise’ and may have little 
global significance, but certain key years 
disclose very remarkable ‘spikes’? which 
recur in distinctive patterns. The method- 
ology works very well with tree rings, 
varves and, on a longer time scale, geo- 
magnetic reversals. 

Simplistic correlation attempts with the 
Il year sunspot ‘cycle’ have often run 
aground, but analyses of phase changes 
and interactions with other cyclic effects 
can be rewarding, as reported by J. 
Harlin*. Schove* has considered the fact 
that the quasibiennial cycle (26 months), 
when superimposed on a powerful annual 
signal, may eventually lead to a 3 year 
jump. Inasmuch as the sunspot maxima 
fluctuate markedly, the combined effects 
result in distinctive patterns for any given 
century. Although the astrophysical and 
meteorological mechanisms are still 
shrouded in mystery, the pattern system 
seems to work, providing the approximate 
time span is known — and this link is 
provided by radiocarbon and other 
geological techniques. Particularly 
important time series that may soon be tied 
in by these ‘teleconnections’ are the 
Finnish varves, described by M. Saarnisto 
(Oulu University, Finland), and those of 
southern Germany by J. Merkt (University 
of Hannover). Schove has proposed 
teleconnections in the mid-Holocene 
between America (Bristlecone), Ireland, 
the Crimea and Anatolia®. 

Hints about the long-term variables were 
to be found in the palaecomagnetic records 
displayed at the conference by K. Creer 
(University of Edinburgh). Systematic 
coring of undisturbed lake beds from 
different parts of the world is now 
beginning to bear fruit. Both inclination 
and declination show systematic fluctu- 
ations with a quasi-periodicity of the order 
of 1,000-3,000 years. A variable rate of 
westerly secular drift introduces a 
longitudinal lag in dates, and at the same 
time warns of the variability in the outer 
core dynamics. 

Inasmuch as both the geomagnetic field 
and the solar wind (a magnetized plasma 
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of Geological Sciences, University af Columbia. 





0028-0836 /81 /340670-02$01.00 


©1981 Macmillan Journals Ltd 


Nature Vol. 292 20 August 1981 








flow) modulate the incoming galactic 
cosmic rays, the radiocarbon flux, 
monitored by the tree rings, can now be 
related in part to core dynamics. A new 
monitoring isotope, beryllium-10, was 
discussed at the meeting by G.M. Raisbeck 
(Orsay, France). This isotope is also 
formed in the atmosphere by cosmic ray 
collisions and within a year deposited on 
the Earth’s surface. It can be measured 
most conveniently in ice cores, thereby 
providing not only a way of cross-checking 
the '4C data, but also of extending the 
cosmic radiation record back for perhaps 


Pre-equilibrium 
from P.E. Hodgson 


THE processes that take place when a fast 
nucleon (10-100 MeV) interacts with a 
nucleus are quite well understood, but 
there are many detailed features that 
require further study. The incident nucleon 
first collides with a single nucleon or 
perhaps a cluster of nucleons in the target 
nucleus. The products of this collision have 
a high probability of escaping from the 
nucleus, particularly if the collision takes 
place on the periphery. This initial inter- 
action takes place rapidly, in the time it 
takes for the incident particle to traverse 
the target nucleus, typically about 10°? 
seconds. 

The particles from this first collision that 
do not-escape from the nucleus undergo 
further collisions until all their energy is 
transferred to the compound system. The 
energy is shared among the nucleons until 
eventually, by statistical fluctuation, a 
nucleon or group of nucleons receives 
enough energy to escape; this continues 
until the energy falls below the particle 
emission threshold. The residual nucleus 
eventually attains its ground state by y and 
B decay. The statistical processes by which 
the compound nucleus loses its energy take 
much longer than the direct process, 
typically about 106 seconds. 

The direct and compound processes are 
quite well understood theoretically, so the 
corresponding cross-sections can be 
calculated with some confidence. The 
simplest direct process, elastic scattering, 
can be calculated by the optical model, and 
inelastic scattering by the coupled channels 
or distorted wave formalism, Nucleon 
transfer reactions can be treated by the dis- 
torted wave Born approximation, and the 
probabilities of emission of various 
particles from the decay of the compound 
nucleus can be calculated using the Hauser- 
Feshbach theory with the transmission 
probabilities obtained from optical model 
analyses of elastic scattering. 

The direct and compound processes 
usually both contribute to each reaction 
and the total cross-section may be obtained 


up to 10° years. 

R.W. Fairbridge (Columbia University) 
displayed colour slides of the field evidence 
illustrating how the cyclicity of high- 
latitude storminess cycles on the Hudson 
Bay seems to reflect a 45 year ‘Double 
Hale’ solar cyclicity’. He then reviewed 
new unpublished works that demonstrate 
solar—planetary periodicities from the 
Permian period, 250-280 million years ago: 
first, from an anhydrite series in New 
Mexico (R.Y. Anderson, University of 
New Mexico); second, from an evaporite 
series in the Ural Mountains, USSR (I. 


Vulis); and third, from a varve series in 
Brazil (Rocha-Campos). The astonishing 
thing is that they all display what seem to be 
the same periodicities that occur in the Holo- 
cene, which, if nothing else, would appear to 
dash the hopes of velikovskian 
catastrophists. i 
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or oa pa me 


processes in nuclear reactions 


by adding them incoherently. This may be 
compared directly with the measured cross- 
sections, after the latter have been energy- 
averaged to remove the fluctuation in the 
compound nucleus cross-section, 

Such calculations are generally fairly 
successful at lower energies, but at higher 
energies additional processes can occur and 
have to be accounted for. In particular, itis 
possible for particles to be emitted after the 
direct process but before the nucleus has 
attained statistical equilibrium. These pre- 
equilibrium or pre-compound particles can 
be recognized experimentally and their 
cross-sections have been calculated using 
several different models. 
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Fig.l The excitation function for the 
*Ti(p,2p2n) Se reaction compared with 
exciton model calculations. The dashed line 
shows the result of a calculation without the 
pre-equilibrium particles and is clearly 
inconsistent with the data. From ref.3. 
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The particles emitted in the direct, pre- 
equilibrium and compound. stages are 
characterized by their differing energy and 
angular distributions. Direct particles are 
emitted predominantly. in the same 
direction as the imcident particle, with 
similar energies, whereas compound 
nucleus particles are emitted in all 
directions, equal numbers forwards and 
backwards, and when the final states merge 
into a continuum have a characteristic 
maxwellian energy distribution. Pre- 
equilibrium particles tend to be emitted 
forwards, and are generally more energetic 
than those from the compound nucleus. 

To calculate the cross-section. for pre- 
equilibrium emission, the interaction pro- 
cess is considered to take place in several 
stages. The first stage can lead to the 
emission of direct particles, or to the 
excitation of a particle-hole pair. In the 
second stage further interactions can 
occur, which can lead to the excitation of 
further particle-hole pairs, andso- on until 
finally the compound nucleus is formed. 
At each stage in the excitation process it is 
possible for pre-equiibrium particles to be 
emitted. 

This process has been formulated mathe- 
matically, enabling the pre-equilibrium 
cross-sections to be calculated. One type of 
theory due to Blann', Griffin?, Gadioli? 
and others gives semi-classical expressions 
for the cross-sections in terms of the basic 
transition matrix elements that express the 
probability of going from one stage to the 
next. Such theories have been used to 
calculate the cross-sections of many 
different reactions and a typical com- 
parison with experiment is shown in Fig... 
In this work the cross-section is determined 
radiochemically, so # is not possible to 
distinguish between the (p, a) and the (p, 
2p2n) reactions. The former reaction is- 
favoured energetically and is responsible 
for the first peak, and the latter for the 
second. The two curves are calculated with 
and without the pre-equilibrium con- 
tribution, and comparison with the experi- 
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mental data shows the presence of these 
particles. 

More recently, a quantum-mechanical 
theory has been developed by Feshbach, 
Kerman and Koonin‘, and numerical 
calculations made by Colli-Milazzo and 
collaborators*. This gives both the angular 
and energy distributions of the emitted 
particles, and extensive comparisons with 
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Residual excitation energy (MeV) 
Fig.2 a, Energy spectra for the *Ca(p,n) 
reaction at 45 MeV at 90° as a function of the 
energy of the residual nucleus, The individual 
curves show the contributions of the various 
multistep processes. The excess of particles at 
higher excitation energies, corresponding to 
lower emission energies, is attributed to 
multiparticle emission. b, Differential cross- 
section for the *Zr(p,n) reaction at 45 MeV 
showing the single-step (dashed line) 
contribution, From re?.5, 
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the experimental data for (p,n) reactions 
from 25 to 45 MeV on nuclei from calcium 
to tin show good overall agreement. An 
example of such a comparison is given in 
Fig.2, showing the contributions of the 
one-step (direct) and various multi-step 
(pre-equilibrium) processes. 

Calculations of the contributions of 
multi-step processes to proton inelastic 
scattering have been made by Tamura and 
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Udagawa® using an extended version of 
their distorted wave formalism. This 
theory is also able to give a good overall 
account of the measured cross-sections. 
There is still much work to be done to 
justify and establish the accuracy of some 
of the assumptions and approximations 
made in these calculations, and it will be 
important to test the different theories by 
using them to analyse the same reactions. O 


Mammal tracks on 


mountain slopes 


trom Robert M. May 


ONE of the many differences between the 
Victorian Age and our own is written in the 
paths in the English Lake District. Today’s 
path from Wasdale Head to Sty Head 
follows the direct line (and the steepest 
slope) across the shoulder of Great Gable; 
few use the nineteenth century path that 
zig-zags in a more leisurely and scenically 
varied way along the side of Lingmell Beck. 
From the head of Langdale one can ascend 
to Angle Tarn directly by the stoney 
boredom of Rossett Gill, or more slowly 
via the sweeping switchbacks of the almost 
vanished pony track. 

Faced with these choices, the be- 
havioural ecologist may be prompted to 
ask which paths are energetically optimal. 
Some pertinent laboratory and theoretical 
studies are due to Taylor, Caldwell and 
Rowntree (Science 178; 1096, 1972). These 
authors began by observing that the energy 
needed to elevate an animal to a given 
height is proportional to its body weight, 
whereas the animal’s power output 
available to perform this task tends to be 
roughly proportional to its surface area; 
hence the energy costs of moving uphill 
(compared with moving at the same speed 
on level ground) are relatively greater for 
larger animals. Turning to the laboratory, 
Taylor et al. substantiated this analysis by 
showing that movement up a 15° incline at 
2 kmh, compared with running on level 
ground at the same speed, resulted in a 40 
per cent increase in oxygen consumption 
for a chimpanzee, but only 1-2 per cent for 
a mouse. Extrapolating their experimental 
results, they estimated that running 
vertically at 2 kmh? would increase the 
oxygen consumption of a 30 g mouse by 23 
per cent, of an 18 kg chimpanzee by 190 per 
cent, and of a 1,000 kg horse by 630 per 
cent. 

This work helps explain why squirrels 
can run up trees at much the same speed as 
they run from tree to tree, and why fell 
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runners are lean. But it sheds no direct light 
on whether largish animals should ascend 
hills directly, or obliquely in zig-zags. 
Indeed, an analysis along the lines of 
Taylor ef al. suggests that the energy 
involved (in addition to baseline metabolic 
costs) in getting an animal of mass mm to the 
top of a mountain of height 4 is simply 
mgh, independent of the angle of attack. A 
more gradual ascent, at an angle of ascent 8 
relative to the horizontal, involves a 
relatively smaller cost of moving up the 
slope (by a factor sin®), but takes longer to 
reach the top (by a factor 1/sin8); the two 
effects cancel each other out. 

Reichman and Aitchison (Am. Nat. 117; 
416, 1981) have recently made a most 
interesting attempt to find out how animals 
actually do ascend or traverse hillsides in 
nature. To this end, they measured trails 
left in the snow on hillsides in the south- 
western United States, by various 
mammals. By choosing fresh snow that 
covered existing trails, these authors hoped 
to find trails that had been made at the 
discretion of the individual animals; 
records were compiled only for situations 
where the animal appeared to be moving 
freely up a slope, rather than wandering 
from one feeding spot to another, or 
fleeing pursuit. Each mammal was 
identified by its footprints, and the average 
weight for that species assigned to it. In this 
way, Reichman and Aitchison compiled 
data for some 130 individual animals, of 22 
different weights ranging from a 0.025 kg 
mouse to a 680 kg buffalo. 

Reichman and Aitchison defined the 
‘trail angle’ to be the angle between the 
actual trail on the hillside and the 
horizontal; thus an animal proceeding 
directly up the mountain at the angle of 
steepest ascent has a trail angle of 90°, 
while an animal moving around the hillside 
at a constant elevation has a trail angle of 
0°. This trail angle has a slight, but statis- 
tically very significant, propensity to be 
smaller for heavier animals. The negative 
correlation is even more striking if one 
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plots the maximum trail angle observed for 
any one body size against the weight of the 
animal. As Reichman and Aitchison 
observe, ‘‘it seems intuitive that the trail 
angle used by animals should decrease with 
increased body size, and the field data 
support this ourcome’’. 

Aclearer test of the basic ideas, however, 
is provided by examining the correlation 
between trail angle and the slope of the 
mountain itself. The analysis outlined 
above suggests that, to a first 
approximation, the energy costs are the 
same whether one ascends obliquely or 
directly. This would lead to the expectation 
that the trail angle is uncorrelated with the 
slope of the mountain. Alternatively, for 
animals in a hurry to get to their 
destination, we might often expect a direct 
ascent, and hence trail angles of 90° irres- 
pective of the mountain slope. This latter 
expectation may be modified for large 
animals on steep slopes, where the 
metabolic costs of sustaining uphill motion 
may become prohibitively large; that is, 
there may be a maximum slope, 6,,,, (7), 
beyond which an animal of mass m cannot 
sustain uphill motion. Such a 8,,,, will 
decrease with increasing body weight; on 
an almost vertical hillside, mice and 
squirrels may scamper up directly (trail 
angle of 90°), but heavier animals are likely 
to ascend obliquely at a trail angle of about 
@nax- Of course, questions of local 
topography and , above all, the purpose of 
the journey would complicate all this. 

On this basis, I would expect that, when 
Reichman and = Ajitchison’s data 
(embracing all body weights) were plotted 
in the form of trail angle versus mountain 
slope, there would either be no correlation 
at all, or else a propensity for trail angles to 
be random at low mountain slopes, and for 
steep trail angles to be rarer at high 
mountain slopes. In fact, such a plot 
reveals a puzzling tendency for trail angle 
to be approximately proportional to 
mountain slope. Remarkably, essentially 
no animals — not even the mice — are 
ascending shallow hills directly (at trail 
angles of 90°). 

It seems likely that the animals making 
these tracks were, by and large, simply 
wandering across or skirting the shallow- 
sloped mountains. (Though why they 
should be doing so almost exclusively at 
low trail angles remains a mystery to me.) 
On the steeper hillsides the tracks may be 
telling us more about energetics of moving 
upa slope, but even here it could be that the 
geometry of the tracks depends mainly on 
why the animal was going from A to B, 
rather than on anything else. 

In short, the study by Reichman and 
Aitchison is a very original and thought- 
provoking one, but I think the next steps 
will need to include consideration of the 
behavioural ecology of the animals in 
question. If we seek to plot our paths 
through the hills according to principles of 
optimality rather than sheer delight, the 
current literature remains unhelpful. K 
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HLA genes, immunoglobulin 
genes and human disease 


from Ken Welsh 


THE human lymphocyte antigens (HLA) 
were recently described by one of my 
colleagues as simple equivalents of the 
ABO system found on all cells except red 
cells. In fact the HLA system comprises a 
group of several hundred genes located on 
the short arm of chromosome 6 but the 
only gene products of this region well 
recognized in the human are 
HLA-A,-B,-C,-D and -DR and 
complement components C2, C4 and Bf. 
All these are polymorphic to a greater or 
lesser extent and a range of products of this 
region is expressed on most lymphoid cells. 

Almost ten years ago at an International 
Transplantation meeting in San Francisco, 
participants were given large badges 
inscribed with the words ‘‘Are you my 
HLA type?’’. At that time the close 
association between HLA-B27 and 
ankylosing spondylitis (AS) had just been 
rumoured'? and prevailing evidence 
suggested that good HLA matching of 
donor and recipient would solve the major 
problems of transplant rejection. The 
badge implied not only hope for transplan- 
tation but also that by suitable selection of 
partner, major diseases could be avoided in 
the next generation. Now, although 
hyperacute rejection has been virtually 
eliminated, we are no closer to predicting 
acute or chronic rejection on the basis of 
HLA type and the closest HLA and disease 
association is still that between HLA-B27 
and AS. But the years of consolidation and 
continual searching are beginning to be 
rewarded; at the recent European Dialysis 
and Transplantation meeting in Paris we 
heard how revisitation of red cell types and 
skin testing techniques coupled with 
precise HLA cross-matching and HLA-DR 
typing have again given us hope for success 
in transplantation. 

On the question of HLA and disease, a 
paper published in this week’s issue of 
Nature (p.768) by Uno and colleagues may 
provide the necessary break in the flood 
wall and enable us accurately to identify 
individuals at risk from certain major 
diseases. Several cracks had already 
appeared in the wall, so a break is not 
unexpected. 

The first came with the finding that a 
combination of HLA type and acetylator 
status can identify with very high reliability 
those women who will develop auto- 
immune complications if treated for 
hypertension with the drug Hydrallazine’. 
HLA-DR4-positive, slow acetylator 
females always develop the complication; 
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DR4-positive, slow acetylator males will 
escape unless given high doses of the drug. 
About 8 per cent of hypertensive patients 
treated with Hydrallazine develop a lupus- 
like complication. In the normal 
population about a quarter are DR4 
positive, and half are females and half are 
slow acetylators, giving us an expected 
complication rate of about 6 per cent. 
Occasional DR4-positive males on high 
drug doses, DR4-positive rapid acetylator 
females and DR4-negative slow acetylator 
females develop the complication and 
account for the small discrepancy. This 
discovery shows how a combination of 
apparently unrelated genetic ‘markers’ can 
be used for accurate identification of a 
population at risk. 

Two other recent discoveries bear 
directly on the work of Uno et al. The first 
was that the relative risk of developing 
chronic active hepatitis was 11.7 for those 
people having HLA -B8/DR3 and 2,3 for 
those having a particular immunoglobulin 
allotype* — a genetic marker expressed on 
antibodies. As in the Hydrallazine lupus 
story, a combination of the two markers is 
associated with a significantly greater risk, 
in this case 40-fold greater; than if neither 
marker is present. The second discovery? 
was that relapse in hyperthyroid Graves’ 
disease can be predicted by a combined 
analysis of HLA -DR3 status and the level 
of thyrotrophin receptor antibody at the 
time of drug withdrawal. The prediction in 
this case was accurate in 62 out of 65 
patients, 

An alternative approach to identifying 
individuals at risk would be to use a 
combination of genetic marker and family 
studies. For example, if incidence of a 
disease is | in a 100 in the population and 
the disease is associated with HLA-B27 
(which is present in about 10 per cent of the 
population), then even if all the peaple who 
get the disease are B27 positive it still means 
that only 1 in 10 B27-positive people are at 
risk. However, if the disease is already 
present in a family, this risk rises very 
dramatically for B27 family members. 

Uno and co-workers have combined 
these two approaches in their study of 
Japanese families having more than two 
first-degree relatives affected by Grave’s 
disease. In the data presented, 32 out of 33 
children suffering from this disease carried 
a particular HLA and [gG-linked. gene 
combination: The single child having only 
the IgGslinked susceptibility could be 
explained by a recombination between the 
HLA marker gene and a hypothetical HLA 
gene actually responsible for the disease. A 
more complete HLA typing involving SB 





1981 Macmillan Journals Lid 


674 





antigens, complement. allotyping and 
additional enzyme markers would clarify 
the point. 

Although in the face of the evidence 
presented one tends to think of tissue 
typing at birth (to predict the occurrence of 
autoimmune disease) or perhaps even 
before one goes to the computer dating 
service, there are practical scientific 
reasons for being cautious. For example, 
Uno ef al. selected only 15 of the 30 
families studied for inclusion without 
saying how or why this selection was made. 
Second, IgG allotype frequencies are very 
different in Caucasoid and Japanese 
populations. Third, Graves’ disease is very 
strongly associated with B8/DR3 in 
Caucasoids but with DRS and DR8 in 
Japanese populations. A study of Japanese 
families living in America might show 
whether these differences are due toa differ- 
ent environmental factor interacting with 


different IgG or HLA haplotypes in the - 


two populations or to putative 
susceptibility genes going with different 
allotypes in the two populations. 





Theoretically the reasons for expecting 
HLA and immunoglobulin-gene linked 
associations with immune response in 
general and autoimmune disease in 
particular are overwhelming: HLA-DR 
antigens (or antigens in the same 
chromosome area) are necessary for 
antigen handling and presentation by a 
lymphoid cell subset; markers in this region 
(by analogy with the mouse) are important 
for interaction of T cells during a response; 
immunoglobulin genes are also involved in 
T-cell recognition and control; HLA-A,-B 
and -C antigens are important at the 
effector arm of the cellular response; and 
finally, C2, C4, Bf and immunoglobulin 
are involved at the effector arm of the 
humoral response. Thus, HLA and 
immunoglobulin genes are active 
throughout the immune response from 
recognition to control and it is slight 
differences in an individual allele’s ability 
to function, or more exactly a summation 
of slight differences, which we are 
measuring as disease susceptibility. 
Theoretically therefore we expect that use 
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of HLA and immunoglobulin allotyping 
data together with other genetic markers 
and environmental factors should allow 
autoimmune diseases to be predicted 
exactly. However, there is still a 
considerable amount of analysis of both 
HLA-region genes and IgG-region genes to 
be done in order to achieve this goal in the 
general population. 

In Japanese families, the occurrence of 
Graves’ disease can be exactly predicted on 
the basis of HLA and immunoglobulin 
allotypes, but it is too early to start wearing 
“Are you my HLA type?’’ badges outside 
Japan. Nevertheless, elimination of 
autoimmune diseases by genetic 
counselling is now much closer to being 
realized: if two independent susceptibility 
genes are necessary for disease onset, then 
it is possible to ensure that the genes will 
not occur together in the next generation. 2 
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Positronium and positronium ions 


from T.C. Griffith 


PoSITRONS and positronium, the bound 
state of an electron and a positron, have in 
recent years been used in a rapidly 
increasing range of experiments in atomic 
physics, solid-state and surface physics and 
positronium chemistry. Positronium has 
also played an important part in 
fundamental experiments designed to 
check the validity of certain aspects of the 
theory of quantum electrodynamics 
(QED). It is therefore pertinent that the 
recent detection of a new entity, the 
positronium negative ion, Ps” (e-e*e*), 
initially predicted to exist as a bound state 
by Wheeler! in 1946, should be greeted as 
an important historical landmark which 
could greatly extend the activities of 
positron physicists. The careful experiment 
performed by Allen Mills? at the Bell 
Laboratories, New Jersey clearly 
demonstrates that Ps” can be produced in 
the laboratory under controlled 
conditions. 

Ps“ is the analogue of H~ ions produced 
by slow proton bombardment of thin foils 
and the method used by Mills incorporates 
the same ideas. In his experiment, a nearly 
monoenergetic beam of low-energy 
positrons, guided by a longitudinal 
magnetic field, strikes a thin film of carbon 
in ultra-high-vacuum conditions. The 
energy of the positrons is adjusted such 
that the beam is partially transmitted and 
application of a suitable potential to a grid 
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located at the exit side of the carbon film 
will reflect the transmitted positrons back 
to the carbon whilst accelerating the weak 
beam of Ps“ into a field-free drift region 
beyond the grid. A lithium-drifted 
germanium detector is used to measure the 
energy spectrum of the resulting 
annihilation photons and a y-ray peak is 
found whose energy depends on the 
accelerating potential applied to the grid. It 
was demonstrated that this peak can be 
attributed to a  Doppler-shifted 
annihilation y resulting from the 2y decay 
of Ps. 

As well as being of interest in its own 
right, Ps“is also important because it might 
be used to produce beams of positronium 
of well defined energies. This could be 
achieved by accelerating the Ps“ to a given 
energy and then photoionizing it to give 
positronium which could, perhaps, be used 
in scattering experiments. Another 
suggested application is to use the 
annihilation of Ps~ in flight to provide a 
tunable source of y rays of precisely known 
relative energy shift. The intrinsic 
properties of the Ps” such as its lifetime (~ 
2 nanoseconds), its 2y angular correlation, 
its (ly/2y) branching ratio, its magnetic 
moment and measurement of its 
photoionization cross-section are obvious 
candidates for extensive studies. 

The glamour of detecting the Ps” ions 
should not be allowed to overshadow the 
deeper significance of this experiment. The 
major triumph underlying this work is the 
dramatic technical advances associated 
with the production of intense beams of 


slow positrons of well defined energies 
achieved at Bell Laboratories and at 
Brandeis University by Karl Canter and co- 
workers?. Technology has now reached 
such a level that within a few years low- 
energy positron beams of intensities of 10° 
positrons per second, or even several 
orders of magnitude higher, can be 
envisaged. Positron emitters created in situ 
in a nuclear reactor followed by carefully 
designed moderators and beam transport 
systems may be used for this purpose. If 
allowed to strike clean metal surfaces under 
ultra-high-vacuum conditions these 
positrons can be converted, with almost 
100 per cent efficiency, into low-energy 
positronium atoms. We might therefore 
expect intense and highly localized sources 
of positronium atoms which can be used to 
study the excited states of positronium 
using laser beams in experiments, similar to 
those performed for atomic hydrogen, that 
will provide further high-precision tests of 
QED. 

Even more exotic possibilities exist. 
Quantum chromodynamics predict that 
orthopositronium can decay into a new 
elementary particle, the axion, and ay ray. 
The axion must have a mass of less than 1 
MeV for this to be possible and if this were 
the case, then an intense positronium 
source from a low-energy positron beam 


the axion. 
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The pages which follow may be taken as a celebration of the impending encounter of Voyager 2 with Saturn and are a 
pointer to the richness of data likely to be gathered in the next few days and weeks. Although there may be some to whom the 
work of these two remarkable spacecraft will be proof of how even more remarkable would have been the Grand Tour of the 
Solar System planned in the 1960s but executed only in the form of the two Voyagers, to most people the encounters with 
Jupiter and Saturn will seem exciting enough for the time being. Yet there are Uranus and Neptune to come. 

This group of scientific articles includes some of the first detailed attempts to make sense of last year’s Voyager Í 
observations of Saturn—and Nature acknowledges its debt to Dr G. E. Hunt of University College, London for having 
helped to recruit these articles and to give shape to the ground they cover. The scope is necessarily restricted, for there is 
hardly a branch of planetary astronomy which has not been changed in some way by the data from Voyager d—and which 


is not about to be changed again. 





How Voyager 2 has been reprogrammed 


from Edward C. Stone 


IN the past two years, the Pioneer 11'* 
and the Voyager 1°* encounters with 
Saturn have revealed a remarkable rich- 
ness and diversity of physical phenomena. 
As a result of these discoveries and of 
continued Earth-based studies, major 
changes have been made in the obser- 
vations planned for Voyager 2, providing 
additional opportunities for discovery and 
understanding. of the Saturn system. 
These opportunities are further enhanced 
by the. significantly different path that 
Voyager 2 must take through the system, 
passing 101,000 km above Saturn’s cloud 
tops on 26 August as it continues on to 
Uranus. Of necessity, the most exciting 
discovery will be unexpected; but some of 
the opportunities for new observations are 
described below for each of the four major 


areas of investigation—the atmosphere, | 


rings, satellites and magnetosphere. 


Atmosphere 


The study of the dynamics of Saturn’s 
atmosphere is of interest because Saturn, 
like Jupiter, is a giant rapidly-rotating 
body composed mainly of hydrogen and 
helium, encircled by bands of clouds of 
frozen ammonia with large-scale wind 
patterns distinctly different from those of 
the Earth’s atmosphere. On Jupiter, there 
are opposing eastward and westward jet 
streams at the edges of adjacent cloud 
bands, with a maximum eastward equa- 
torial velocity of ~450kmh™'. On 
Saturn, Voyager 1 found equatorial winds 
four times faster and found that the 
pattern of opposing jet streams occurred 
only above ~35° latitude. 

Voyager 2 will not only yield a month- 
long time-lapse movie of the wind 
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patterns, but will also provide a high- 
resolution view of the pattern of opposing 
jet streams in the north polar region. The 
winds in the atmosphere above the clouds 
exhibit a different pattern which will be 
determined from a high-resolution ther- 
mal map of the upper atmosphere. Other 
studies include a deep probing of the 
temperature and pressure of the atmos- 
phere by the radio beam as the spacecraft 
disappears behind the planet, where 
images of the dark side of Saturn will be 
taken to search for lightning. Since Voy- 
ager 1 discovered UV auroral emissions at 
80° latitude and similar emissions near the 
equator, Voyager 2 will also perform a 
systematic latitude search for such emis- 
sions. 


Rings 

The rings, the second major area of 
study, presented most of the surprises 
from Voyager 1, and the Voyager 2 
observations programme has, as a result, 
been almost completely revised and 
enlarged. The Voyager 2 observations will 
be further improved by the increased solar 
illumination of the north face of the rings 
as the Saturn year continues towards 
northern summer and by a much closer 
approach to the rings than on Voyager 1. 
Unlike both Voyager 1 and Pioneer 11, 


Voyager 2 will view the lighted face of the _ 


rings at closest approach. 

One of the Voyager 1 discoveries was 
that the bright broad B-ring appears to 
consist of hundreds of ringlets separated 
by narrow gaps, each one of which may be 
cleared by small, kilometre-sized satel- 
lites. The Voyager 2 photopolarimeter 
will observe the star Delta Scorpii through 
the shadowed region of the rings for 2h 
18 min, during which time the star will 
move radially outward behind the rings, 
its apparent intensity varying as it moves 
from behind a ringlet into the adjacent 
gap. This stellar occultation. should 
determine the location, width and spacing 


of the ringlets with a precision of 100- 
300m. A second, shorter stellar occul- 
tation observation of Beta Tauri will 
provide five times more precise 
measurements of the braided F-ring and 
the outer edge of the main ring system. 
Near closest approach, the highest- 
resolution images should reveal any 
structure down to the sub-kilometre scale. 

The dynamics of the braided F-ring will 
be studied in a sequence of observations 
keyed to assessing the importance of 
various physical processes in its. forma- 
tion. The fine submiicrometre-sized 
material in the braids is radially confined 
by two shepherding satellites (1980 $26 
and 1980 $27) on either side of the F-ring. 
Images of the F-ring near these two satel- 
lites may indicate whether they are 
perturbing the motion of the ring particles 
in such a way as to cause the braided 
appearance while repeated images of the 
ring should indicate whether the braided 
structure is stable ør varies on a short time 
scale. Images of the portion of the ring 
emerging from Saturn’s shadow may 
provide clues to the influence of elec- 
trostatic charging of the small ring parti- 
cles on the braided structure, since the 
electrostatic charge on the particles will 
probably change with the cessation of 
photoelectron emission normally occur- 
ring in the sunlight, 

The ‘spokes’ in the B-ring are also not 
understood, although they appear to form 
sporadically in Saturn’s shadow and then 
almost to dissipate before the completion 
of a single orbit about Saturn. Like the 
F-ring braids, the spokes consist of fine 
particles, possibly elevated in a cloud 
above the ring plane. As Voyager 2 
crosses the ring plane, three images will be 
taken of the rings edge-on, in search for 
any elevated material. Before closest 
approach, a 13.5-h time-lapse movie will 
be taken to study the dynamical properties 
of individual spokes as they are distorted 
by the greater angular velocity of the 
spoke material nearer Saturn. 





G028-0836/8 1/340675~—02$01.00 


© 1981 Macmillan Journals Lad 


676 








Nature Vol. 292 20 August 1981 





Ena a COR AE De EE ENE eR arcsec To SET PRPC Pace eT 
Table 1 Voyager 2 closest approach distances to Saturn's satellites (23-26 August 1981) 





Diameter 

Name (km) 
1980 528 40x20 
1980 $27 220 
1980 $26 200 
1980 $3 90x 40 
1980 S1 100 x 90 
Mimas 390 
Enceladus 500 
1980 $25 30-40 
Tethys 1,050 
1980 $13 30-40 
1980 S6 ~160 
Dione 1,120 
Rhea 1,530 
Titan 5,140 
Hyperion 290 
lapetus 1.140 
Phoebe ~160 


Orbital Closest approach 
radius (R)* distance (km)? 
2.28 287,170 
2.31 246,590 
2,35 107,000 
2.51 147,010 
2.51 222,760 
3.08 309,990 
3.95 87,140 
4.88 284,400 
4.88 93,000 
4.88 153,520 
6.26 318,200 
6.26 $02,250 
8.74 645,280 
20.25 665,960 
24.6 470,840 
59 909,070 
215 2,075,640 


* Mean distance of the satellite from the centre of Saturn in units of Saturn radii (1 Rs = 60,330 km). 
+ From a distance of 100,000 km, the geometrical resolution of the imaging system is 2 km per line pair, 


The closer approach to the rings also 
makes possible further study of the elec- 
trostatic discharges detected by Voyager 
1, Although the origin of the discharges 
has not been directly determined, they 
occur episodically every 10h 10min, 
suggesting an association with a satellite 
with this orbital period embedded within 
the B-ring. Additional high time-resolu- 
tion samples of electromagnetic wave 
activity will be acquired over the 10-40- 
MHz frequency range, including one 
when the spacecraft crosses the ring plane. 


Satellites 


Another major area of study is the 
saturnian satellites, of which 17 are now 
known. Of these, only Titan is a major 
satellite, similar in size to the planet 
Mercury. Titan, with a dense atmosphere 
which includes nitrogen and methane in 
which organic photochemistry is occur- 
ring, was a primary target for Voyager 1. 
Voyager 2 will observe Titan from a much 
greater distance (see Table 1), returning 
information on the light-scattering pro- 
perties of the photochemical haze and 
possibly on the winds. 

Seven of the satellites are intermediate 
in size, composed mainly of water ice, with 
diameters ranging from about 300 to 
1,500 km. Of these, Voyager 1 observed 
Mimas, Dione and Rhea with high enough 
resolution to show that their icy surfaces 
are heavily cratered from impacts, as was 
expected. Unexpected, however, were 
regional systems of fractures and sparsely 
cratered plains which are evidence of 
significant crustal evolution. Voyager 2 
will extend the high-resolution coverage 
to Tethys, which has a ~750-km-long 
valley, and to Enceladus, which is highly 
reflective and appears to be relatively 
devoid of impact craters. The absence of 
craters on Enceladus would require a 
source of energy large enough to cause 
significant modification of the surface. To 
investigate Enceladus’s thermal proper- 
ties, the rate of cooling of the satellite as it 
moves into Saturn’s shadow will be 


determined from IR 
measurements. 

Less is known about Hyperion and 
lapetus, the other two intermediate satel- 
lites. Voyager 2 will fly closer to both than 
did Voyager 1, returning images with 
enough resolution to determine whether 
there are large valleys as on Tethys or 
whether there is any other evidence of 
crustal evolution, 

As indicated in Table 1, there are at 
least nine other smaller satellites with 
estimated diameters ranging from about 
30 to 220km. Voyager 1 determined 
approximate shapes for only 1980 $28, 
which is just outside the main rings, and 
the two satellites, 1980 S1 and 1980 $3, 
which share essentially a common orbit. 
All three were found to be distinctly non- 
spherical. Voyager 2 will determine the 
shape of all the remaining known satel- 
lites, including the F-ring shepherding 
satellites (1980 S26 and 1980827), the 
two satellites recently discovered in 
ground-based images*”’ which share a 
common orbit with Tethys (1980 $13 and 
1980 S25) and 1980 S6, which shares an 
orbit with Dione. There will also be a 
search for new satellites, both outside and 
embedded within the ring system. Pho- 
tometrically accurate measurements of 
the amount and degree of polarization of 
light scattered from the different satellites 
will provide additional information on the 
texture and gross composition of their 
surfaces. 


temperature 


Plasma 


The fourth major area of study is that of 
the planetary magnetic field, plasma, 
trapped energetic particles and wave 
emissions comprising Saturn’s magneto- 
sphere. Periodic bursts of radio emissions 
in the 100-500-KHz frequency range 
provided the first accurate determination 
of the period of rotation of Saturn’s 
magnetic field, which is believed to be the 
period of rotation of Saturn’s interior 
regions where the magnetic field 
originates. This period, which is 10h 
39.4 min, will be more accurately deter- 


mined with the longer time-base provided 
by Voyager 2, while measurements of 
Saturn’s magnetic field may identify the 
longitudinal asymmetry resulting in the 
localization of the radio emission to 
specific saturnian longitudes. Voyager 2 
will also provide additional observations 
of the 2.7-day modulation of the radio 
emissions thought possibly to result from 
Dione’s interaction with the magneto- 
sphere. 

The effects of Mimas and Enceladus on 
the magnetosphere will be directly 
measured as Voyager 2 passes just inside 
Mimas’s orbit. Measurements deep within 
the magnetosphere will better define the 
structure of the equatorial disk of plasma 
and the extent to which the icy satellites 
are sources or absorbers of magneto- 
spheric particles. From Voyager 1, it is 
known that Titan’s atmosphere is the 
source of at least some of the particles. 

Voyager 2 may also provide a rare 
opportunity for observing the effects of 
Jupiters  magnetotail on Saturn's 
magnetosphere. There is recent evidence 
from Voyager 2 that Jupiter's magneto- 
tail, which may resemble a tattered wind 
sock flapping in the solar wind, extends at 
least 4.5 x 10° km outwards from Jupiter. 
Because, during the past few months, 
Saturn has been almost radially aligned 
with Jupiter, it is likely that Saturn has 
been occasionally immersed in the 
extended jovian magnetotail. Such an 
immersion could at least temporarily 
result in variations in the size, shape and 
other characteristics of  Saturn’s 
magnetosphere, leading to the possibility 
that there are significant differences 
between the Voyager 2 observations and 
those of Pioneer 11 and Voyager 1. 


Outcome 


Intensive observations of the saturnian 
system, which began on 5 June, will 
continue until 28 September, when Voy- 
ager 2 will return to the cruise mode and, 
like Voyager 1, continue exploring the 
interplanetary medium at increasing dis- 
tances from the Sun. In late 1985, Voy- 
ager 2 will return to the encounter mode 
as it approaches a flyby of Uranus on 24 
January 1986, and heads towards an 
encounter with Neptune on 24 August 
1989. Beyond Neptune, both spacecraft 
will continue exploring the outer limits of 
the region dominated by the solar wind, 
where low-energy galactic cosmic rays 
may be first observed and beyond which 
lies the interstellar medium. Thus, there is 
potential for a continued and significant 
scientific return from the Voyager space- 
craft well beyond that originally planned 
for the mission to Jupiter and Saturn. 
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High resolution Voyager IRIS measurements for Saturn and Jupiter are assembled in meridional cross-sections of the 
retrieved upper tropospheric temperatures. The calculated thermal wind shear in the upper troposphere is highly correlated on 
both planets with the cloud top winds derived from imaging data. In contrast, temperatures below ~ 300 mbar are not simply 
related to the zonal jet structure. The upper tropospheric temperatures seem to have been more consistently correlated with 
cloud top winds than with major albedo features at the time of the Voyager encounters. 


THE atmospheres of Saturn and Jupiter are the most energetic 
observed in the Solar System. Both planets are encircled by high 
velocity super-rotating equatorial currents and an attendant 
system of axially-symmetric westward and eastward jet streams 
at higher latitudes. While differing in their axial tilt, gravitational 
potential, emission temperature and visual contrast, Saturn and 
Jupiter are approximately similar in size, rotational period, and 
gross composition. Despite these similarities major differences 
in their dynamical structures are observed. Smith ef al.' report 
that the equatorial prograde velocities measured relative to the 
radio period are much larger and wider in latitudinal extent on 
Saturn than on Jupiter. Also, with one exception, anticyclonic 
shear on Jupiter is generally well correlated with brighter cloud 
bands or zones while on Saturn no such correlation is evident. 

A preliminary analysis’ of the saturnian atmosphere by the 
Voyager IR instrument (IRIS)? has revealed substantial lati- 
tudinal structure in upper tropospheric temperatures. This 
structure is further investigated here by constructing a meri- 
dional temperature cross-section and, for comparison, similar 
cross-sections were obtained using IRIS data for Jupiter. Cor- 
relation of the structure of the upper troposphere with the cloud 
level dynamics is explored for both planets by comparing the 
computed thermal wind shear with the imaging measurements 
of zonal wind velocites. 


Zonal thermal cross-sections 


A meridional thermal cross-section for Saturn's northern 
hemisphere is shown in Fig. 1a: temperature profiles retrieved 
between 730 and 150 mbar from 82 individual spectra taken 
with roughly uniform distribution in latitude but at various 
longitudes were assembled. For these measurements the IRIS 
field of view projected onto the planet varied between 2° and 5° 
in latitude. The vertical resolution for the retrieved temperature 
is ~ +0.5 scale heights and the error in temperature due to 
instrumental noise for each spectral measurement is ~ +0.5K. 
Continuous high resolution latitudinal coverage was available 
only in the northern hemisphere. 

Thermal cross-sections between 140 and 500 mbar for 
Jupiter’s northern and southern hemispheres, assembled from 
150 and 166 Voyager 1 spectral measurements respectively, are 
shown in Fig. 1 b, c. The field of view projected onto the planet, 
vertical resolution, and thermal noise level for these data are 
comparable with those for Saturn. 

The pointing data for these measurements were provided by 
the Voyager supplementary experimenter data record (SEDR)*. 
In some cases it has been possible to check this pointing 
information with reference to simultaneously shuttered Voy- 
ager imaging records. In these cases agreement between the 
imaging and the SEDR has been within 1° latitude. Although 
such verification is impossible for spectral measurements taken 
on the dark sides of the planets, the estimated residual 30 
pointing error is expected to be within 1°~3° of latitude, 
depending on the projection of the field of view onto the planets. 
Latitudinal correlations between the thermal and visual obser- 
vations may therefore be sought within these error bounds. 


The gross structures exhibited in th= cross-sections for both 
Saturn and Jupiter show horizontal scales of variation compar- 
able with the width of the zonal jet streams at mid-to-high- 
latitudes. The direct visual comparison of latitudinal thermal 
variation in these cross-sections with both albedo and wind 
velocity is more difficult. The Saturn cross-section (Fig. 1a) 
shows no simple correlation with the visual albedo variation 
measured by Voyager imaging’, but some correlation is obser- 
ved between the visual albedo and the structure of Fig. 1 b, c for 
Jupiter at upper levels near 150 mbar. Higher albedo is in most 
places associated with lower temperatures. 

The upper tropospheric structure far Jupiter seems to be in 
rough agreement with the IR measurements of Pioneer 11 
reported by Orton ef ai.°. A region af special interest is that 
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Fig.1 Zonal cross section of devianons from the latitudinal mean retrieved 
temperature (K) in. a, Saturn's northern bemusphere as measured by Voy- 
ager 1 TRIS, November 1980. h, Jupiter's northurn hemisphere, measured in 
March 1979 c, Jupter's southern hemsuphere, measured in March 1979, 
The latitudes of major albedo features are mdicated schemancally. 
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Fig.2 a, Comparison between the thermal wind shear at 150 mbar and the 
cloud top zonal wind velocities on Saturn. b, Comparison between the 
thermal wind shear at 140 mbar and the cloud top zonal wind velocities on 
Jupiter obtained from Voyager 1 IRIS measurements. For convenience the 
negative of the wind shear multiplied by one atmospheric scale height is 
displayed. The major albede contrast is also indicated. 


between 24° and 30° N (historically the North Temperate Belt or 
NTB). According to Peek‘ this region is one of the most variable 
on the planet. The region was dark during the Pioneer 10 and 11 
encounters and the 20u%m (upper tropospheric) temperatures 
were correspondingly high. Figure 1b shows that this region was 
still warm at 150 mbar during the Voyager 1 encounter; it was 
also warm during the Voyager 2 observations. The appearance 
of this region during the Voyager encounters, however, showed 
a high albedo typical of a zone’. According to the Earth-based 
observations by R. F. Beebe (personal communication) the 
belt-like region began to cloud over in 1977-78 so that the 
zone-like appearance had been present for <2 yrs before the 
Voyager encounters. This interval is, however, well within the 
radiative response time of 10° s for this level of Jupiter’s atmos- 
phere’, and the upper tropospheric temperatures may not yet 
have responded to the reduction of IR flux at the cloud level. 

The thermal cross-sections for both planets show substantial 
differences in the horizontal structure between levels above and 
below 300 mbar. These differences may reflect inaccuracies in 
the temperature retrievals at low levels due to the opacity effects 
of latitudinally variable aerosol concentrations. If the retrieved 
temperatures are correct at all levels, however, then the 
presence of some as yet unknown driving mechanism is 
indicated. Possible candidates include aerosol heating in the 
upper troposphere, radiative screening effects associated with 
clouds, adiabatic heating and ccoling due to vertical motion, 
and eddy or wave generated fluxes of heat and momentum. 


Thermal wind shears 


The observed latitudinal gradients in temperature on Saturn and 
Jupiter require a dynamical response, and the velocity and 
length scales inferred from the Voyager imaging measurements 
are consistent with geostrophic balance. Therefore, with the 
additional assumption of hydrostatic equilibrium, the vertical 


shear of the eastward zonal flow u is given by the thermal wind 
equation 


ðu R oT 
az 20aH sin A ðA 








where the derivative of temperature with respect to latitude A is 
taken along an isobaric surface, and R is the gas constant. The 
planetary rotational frequency is Q = 1.64 x 10°* s~ and 1.76 x 
10°*s"' for Saturn and Jupiter respectively. The respective 
planetary radii are given by a =6.0310*km and 7.14x 
10* km. The scale height H is ~ 38 km for Saturn and 22 km for 
Jupiter at upper tropospheric levels. Because of the limited 
spatial resolution of the IR measurements and the uncertainty in 
the ammonia condensation level, it is impossible to match 
reliably an integrated wind shear to the zonal velocities at the 
cloud deck. Nevertheless, an estimate of the thermal wind shear 
in the upper troposphere for the observed zonal temperatures 
on the two planets is of diagnostic value in determining the 
extent of the coupling between the upper level dynamics and the 
observed zonal winds. 

Figure 2 shows the thermal wind shear derived from the 
temperature retrievals at 150 mbar for Saturn and 140 mbar for 
Jupiter. These computations used the same data sets as those 
used for the cross-sections in Fig. 1. For Saturn the meridional 
derivative was computed for every 2.5° latitude as a finite 
difference over 5° between temperatures given by a smooth fit to 
the data. For Jupiter the finite difference interval was 4° at every 
2° of latitude. The imaging measurements of the zonal velocity i 
at the cloud tops are plotted to the right of the wind shears for 
comparison. The cloud top zonal winds for Saturn were taken 
from ref. 1 while those for Jupiter were adapted from ref. 9. The 
approximate latitudinal positions of the visual albedo variations 
at the cloud deck are also indicated in Fig. 2 with dark markings 
for ‘belts’, interspersed with the lighter ‘zones’, 

Wherever the sign of —(du/4z)H is the same as that for ii a 
reduction of the cloud top velocity with height is implied. 
Different scales have been used for ~(du/dz)H and ü to aid 
their visual comparison. Because of the finite field of view for the 
measurements computed shear magnitudes are best regarded 
as lower limits for gradients of thermal fields which may vary 
significantly over scales too small to be completely resolved. 

A comparison of the results for the two planets implies that 
the dynamical length scale, as indicated by the latitudinal change 
in the sign of the shear, is slightly larger for Saturn than for 
Jupiter. In general, there is a good correlation between the 
positions of most of the observed jets and the wind shear 
extrema. The shear is in the sense required to reduce the 
strength of the zonal velocities at cloud level with height, but the 
magnitude of the shear is such that several scale heights would 
be required for a significant modification of wind speeds 
comparable with those observed at the cloud tops. 

On Jupiter, alignment between the peaks of the jets and 
extrema of the thermal wind shear is in most places within the 
+ 1-~3° of residual pointing uncertainty. The agreement seems to 
be especially good at the strong prograde jet at 23°N and 
throughout the alternating system of jets between 15 and 40° S. 
Although it is not certain how close to the equator the computed 
thermal wind shears are valid, they have been plotted within 
+ 4° of the equator and some reduction in the strength of the 
equatorial jet with height is indicated. 

The thermal wind shear at 18°S on Jupiter seems to be 
stronger than at any other mid-to high-latitude location. The 
retrograde jet at 20° S as measured by the Voyager imaging is 
unusually broad. The apparent enhancement in the wind shear 
at this location may therefore simply reflect the better spatial 
resolution in the thermal measurement relative to the jet width. 

Note that the region between 24 and 30°N on Jupiter retains a 
strong correlation between the thermal wind shear and the wind 
field at the cloud tops. This is a consequence of the relatively 
warm upper troposphere even through this normally belt-like 
region had clouded over before the Voyager 1 encounter. Thus, 
the upper tropospheric temperatures seem to have been more 
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strongly correlated with the cloud level jets than with the large 
scale albedo features at the time of the Voyager observa- 
tions. 

The computed thermal wind shear for Saturn is closely cor- 
related in position with the retrograde jet centred near 38° N 
and with the prograde jet near 46° N, again in the sense required 
to reducethe cloud top velocities with height. The magnitude of 
the thermal wind shear relative to the measured ü, however, is 
much larger for the retrograde jet. There is also some cor- 
relation between the vertical shear and the weak retrograde jet 
centred near 55° and at least a correlation in sign for the 
prograde cloud motions around 32°N. The thermal wind shear 
between 5° and 10° N indicates some reduction in the strength of 
the very rapid equatorial jet with height. Between 10 and 30°N 
the computed thermal wind shear shows a significant departure 
from the general correlation observed elsewhere. Here the shear 
is in the sense consistent with a retrograde velocity, but the 
imaging measurements show this region to be a part of the 
prograde equatorial jet. 

Smith etal.’ indicate that the Saturn jets at latitudes above 35° 
show some correlation with the albedo variation. Unlike Jupiter, 
however, the peaks of the jets seem to coincide with the middle 
of the bright and dark bands. It is interesting that the extrema of 
the computed thermal wind shear also show some correlation 
with the middle of the bright and dark bands, not only at the 
same high latitudes, but also at 32° N and especially at 15° N 
where the strong retrograde shear corresponds closely to the 
middle of a bright region to the south of Saturn's north equa- 
torial belt. Comparison of thermal wind shears with zonal 
velocities in Saturn’s southern hemisphere must await the more 
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comprehensive Voyager 2 IR measurements. 


Conclusions 

The thermal wind shear calculated from the IRIS derived 
temperatures in the upper troposphere is highly correlated with 
the imaging derived jets at most latitudes on both Jupiter and 
Saturn and is in the sense required for the wind to decrease with 
height. An exception is the strong retrograde feature inferred 
from the thermal data at 15° N on Saturn which does not appear 
in the imaging data. Contrary to expectation, the thermal struc- 
ture in the lower troposphere below ~300 mbar is not well 
correlated with cloud top winds on either planet. This may be the 
result of a haze or cloud effect not taken into account in the 
thermal retrievals; however , the possibility that the thermal 
structure is real cannot be ruled out until particulate contribu- 
tions to the IR opacity of the lower tropospheres of both planets 
is better understood. 

The thermal wind shear and major albedo features have 
similar latitudinal scales, but the exact nature of this correlation 
differs on the two planets. On Saturn, the extrema in the wind 
shear tend to fall near the centres of the bands while on Jupiter 
they occur near the interfaces of belts and zones. The obser- 
vation of the anomalously bright but warm region between 24° 
and 30°N on Jupiter suggests a better correlation between 
upper tropospheric temperatures and the jet streams than with 
the large scale albedo features at the time of the Voyager 
encounters. 

We thank Rudolf Hanel, principal investigator for the Voy- 
ager IRIS team, for valuable comments and suggestions. 
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Aurorally-excited emissions of atomic and molecular hydrogen come from a narrow circumpolar band near 80° north and 
south latitude on Saturn, The aurorae, which lie near the edge of the polar cap region, are continuously excited in both the 
north and south. If the strong variations observed in the auroral intensity are temporal, rather than longitudinal, they may be 
related to the periodic structure in the Saturn kilometric radiation. 





BECAUSE Saturn possesses a dense atmosphere and a strong 
magnetic fleld, it is reasonable to expect that aurorae should also 
be present. Before the encounter of Voyager 1, two lines of 
evidence suggested the presence of polar aurora on Saturn, but 
both admitted alternate interpretations. Pioneer 11’s ultraviolet 
photometer showed enhanced emission in its long wavelength 
channel when the field of view crossed the polar limbs, as 
compared with the centre of the disk’; this could have been due 
to auroral excitation or to limb brightening. Spatially-resolved 
images of Saturn obtained by the International Ultraviolet 
Explorer (IUE) satellite showed enhancements in HLya emis- 
sion which could have come from Saturn’s polar atmosphere’. 
At different times the enhancements appeared at both north and 
south poles, but were sometimes completely absent. The polar 
enhancement ranged from 300 to 900 R averaged over the 
resolution element of 610 arcs. The source of the emission 
could not be localized to the atmosphere of Saturn, and it was 
noted that the observations were consistent with scattering of 
sunlight by a sporadic cloud of neutral hydrogen associated with 
Saturn’s rings. The first unambiguous evidence? for saturnian 
aurora was provided by the UV spectrometer (UVS) on board 





Voyager 1. Aurorally excited emissions were found at HLya 
and in the Lyman and Werner bands of H, near Saturn's poles. 
We now expand that brief description’ of the aurora. 

The UVS is an objective grating spectrometer covering the 
wavelength range 530-1,700 A in 126 contiguous channels**. 
This wavelength region includes the atomic HLya line that can 
be excited by resonance scattering or particle impact, and the 
particle-excited Lyman and Werner bands of molecular hydro- 
gen. During the encounter the UVS was used to map the planet 
at varying spatial resolutions. 

Of the data examined so far, the polar scan sequence shown in 
Fig. 1 has yielded the best information on the position of the 
aurora. The path of the slit intersected an auroral oval twice, 
once on each side of the pole. The presence of the aurora was 
defined by locally enhanced emissions at HLya and in the H, 
bands. In the polar cap region, the auroral emission was reduced 
by a factor of at least 4, and may have been entirely absent. To 
determine the width and location of the auroral excitation, the 
data from the crossing on the near side of the pole have been 
compared with a simple model of the distribution of auroral 
emission. This model shows that the auroral emission extends 
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Fig. 1 Geometry of a polar auroral scan. The range is 3.6 R; and the 

latitude of the spacecraft is —36.6°. Dashes show the position of the 

0.1° x 0.86° UVS slit at 1.5-min intervals as the slit scanned across the south 

pole and onto the dark limb. The stippled area shows the inferred location of 

the source of auroral emission between 78° S and 81.5° S. The slit crossed the 

aurora on the near side of the pole at Ag; 5 190° near the dusk terminator. 
H, band emission along the path of the slit is shown in the inset. 


between 78 and 81.5° S. On the far side of the pole, the emission 
occurs very close to the limb cf the planet, and is difficult to 
locate accurately. Furthermore, on the far side, the uncertainty 
in latitude introduced by parallax and the uncertain altitude of 
the auroral emission is much greater. No information on the 
distribution of the intensity within the aurora is yet available. 
The average apparent brightnes is ~5kR based on the in- 
tensity of the 1,105-A H, band feature, which should be 
optically thin’, Because the aurora was observed at an angle of 
56° from the local zenith, the nadir intensity was ~2.8kR. 
Figure 1 shows the auroral oval at constant latitude; this is 
consistent with, but not required by, the data. We have also 
anticipated a result derived later—that the aurora is at least 
roughly continuous in longitude, to extend the auroral oval 
around the planet in longitude. 

In the north, the aurora occurs at nearly the same location, as 
the nearly dipolar, axisymmetric nature® of the magnetic field 
would imply. Approximately 11h after closest approach the 
north polar area was searched for aurora. The geometry was 
similar to that shown in Fig. 2b, except that the spatial resolution 
was a factor of 3 better. Two scans near local midnight show that 
the boreal aurora lies poleward of 76° N, and may not extend 
below 78° N. These scans do not define the poleward extent of 
the excitation. We assume that the boreal and austral aurora 
have the same latitudinal extent, as their equatorward boun- 
daries fall at nearly the same latitude, and the magnetic field has 
north-south symmetry. The two scans show a 50% increase in 
H, band emission (from 2.5 to 3.7 kR) from the first to the 
second, 20 min later. As the planet rotated only 13° in this time, 
and because the field of view was positioned near the ‘elon- 
gation’ of the auroral oval, the longitude range within the slit did 
not change significantly between scans. The change in measured 
intensity is probably due to a temporal variation in auroral 
brightness. 

More extensive observations at lower spatial resolution are 
available for study. The north-south map (NSM) sequence was 
executed ~36 h before and after closest approach. This observ- 
ing sequence, shown in Fig. 2, consisted of a series of swaths 
from north pole to south pole, approximately along the central 
meridian of the planet. Each swath of the pre-encounter NSM 
was made up of 12 steps in latitude, each step lasting 48s. 
Swaths were repeated at intervals of 12 min, or 7° in rotation 
phase, during an almost complete rotation period of the planet. 
Saturn was therefore mapped in latitude (by stepping the scan 
platform) and in longitude (by taking advantage of the planet’s 
rotation). 

The NSM sequences show that aurorae are present near both 
poles, and that they are probably continuous, at least during the 


few days nearest encounter. Because the apparent size of the 
auroral oval is small, the fact that the slit does not always scan 
exactly along the central meridian is important. The field of view 
was well centred on the central meridian at the beginning of the 
post-encounter NSM, but drifted partially off the aurora to the 
east during the 10-h sequence. Therefore we cannot derive 
strong conclusions about time or longitudinal variations over the 
full span of the observation, but the data clearly demonstrate the 
presence of aurora near the north pole throughout the NSM 
sequence. The favourable configuration shown in Fig. 26 was 
maintained for the first 3 h of the sequence. During this time the 
brightness of the H; bands decreased from its initial level of 
20kR by a factor of ~2. This change can be interpreted as a 
temporal variation or as a longitudinal variation in the bright- 
ness of the aurora. The field of view sampled the auroral oval on 
both sides of the pole, so the presence of a brighter area near 
both Asps= 25° and 200° is compatible with the data. (The 
longitude system used here, Asrs, is based on a sidereal period 
of 10h 39.4 min defined by the Voyager planetary radio 
astronomy experiment’) 

A similar well-defined variation was recorded during the 
pre-encounter NSM. Part of the data for which we can rule out 
significant changes in signal level induced by changes in the 
position of the field of view are shown in Fig. 3. The H, band 
intensity increased by a factor of 5, remained high for 2h (or 
~70° in Saturn rotation phase) then returned to its lower level. 
At earlier and later times, the signal was about the same as the 
lower level shown in Fig. 3, but at these times the signal could 
have been modulated to some extent by changes in the position 
of the field of view. Note that the longitude of the field of view 
was ~ 160° at the peak in H, band emission. This differs from the 
position quoted earlier’ because we have now included the fact 











Fig.2 Views from the spacecraft showing the geometry of the North-South 
Map sequence. The pre-encounter NSM a was executed when the latitude of 
the spacecraft was 4.8° N. Both boreal and austral aurorae were visible, 
although the austral aurora was quite near the limb of the planet. Near the 
poles, the slit was near 10.00-11.00 LT. For the post-encounter NSM b, the 
latitude of the spacecraft was 22° N and the latitude of the austral aurora was 
not included in the scan. The rectangles show the positions of the UVS slit 
during a typical swath. Saturn’s central meridian is near 3.00 LT. 
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Fig. 3 H, band intensity as a function of time during a portion of the 
pre-encounter NSM. The intensity integrated over the Lyman and Werner 
bands of H, has been determined from the measured intensity of the 1,105 A 
feature, which is relatively unaffected by self-absorption. The solid line 
shows the probability for detection of Saturn kilometric-wave radiation’. 


that the field of view is not on the central meridian. At the same 
time, the austral aurora showed a qualitatively similar variation. 
The unfavourable observing geometry (see Fig. 2b) precludes a 
quantitative analysis of the austral auroral intensity based on the 
NSM data, Figure 3.also shows the probability of occurrence of 
the Saturn kilometric radiation (SKR) taken from Gurnett et 
al.®, Following the discovery of the SKR by Kaiser et al’, the 
probability of observing this radiation was found to be strongly 
correlated with the longitude of the Sun in the Asis system*””. 
For the comparison in Fig. 3, the longitude of the Sun was 
calculated. as a function of spacecraft time, and. then the rela- 
tionship between SKR probability and solar longitude was used 
to plot the SKR probability on the same time scale as the auroral 
brightness. In spite of a phase difference of ~50°, the correlation 
between the SKR probability and the auroral intensity apparent 
in Fig. 3 is good enough to suggest that the two phenomena may 
be closely linked: A test of this correlation must await the 
Voyager 2 encounter. 

Spectra of the aurora are compared in Fig. 4. The signature of 
the H, Lyman and Werner bands is present between ~900 A 
and 1,130 A. The latitude of the spacecraft was different when 
the two spectra of Saturn’s aurora were taken, implying different 
pathlengths through ‘the atmosphere to the auroral source. 
Stronger self-absorption by H, in the longer atmospheric 
pathlength of the middle spectrum probably accounts for the 
gross differences shortward of 1,050 A in the Saturn spectra 
(see Fig. 9 of ref. 5). The differences between the auroral spectra 
of Saturn and Jupiter between 1,100 and 1,200 A parallel those 
in the dayglow spectra of the two planets’. 

The power required to drive the aurora was estimated earlier’ 
to be ~2x 10" W., This was based on an average brightness of 
5 kR in the H, bands extending over an area of 4.6 x 10'8 cm? 
(the surface area of Saturn between 78° and 81.5° latitude) and 
the efficiency for electron excitation of the H, bands’. This 
re-analysis shows no basis for altering the early estimate, but it 
does emphasize that the presence of temporal and/or longi- 
tudinal variations in the surface brightness of the aurora may 
bias the apparent average brightness. About two thirds of the 
auroral information available from the Voyager 1 encounter has 
been extracted. 

Other sources of uncertainty are important. The brightness 
over all wavelengths in the H, Lyman and Werner band systems 
has been estimated using the measured intensity of the 1,105 A 











feature. This feature is relatively unaffected by self-absorption 
in long slant-paths through the atmosphere to the auroral source 
and hence more likely to represent the true emission intensity. 
The uncertainty in the model relating the total H, band emission 
to the 1,105 A feature may be as much as a factor of 2 (D. E. 
Shemansky, personal communication). Further uncertainty is 
introduced when the apparent brightsess of an aurora near the 
limb of the planet must be used to calculate the surface bright- 
ness. Hence we have given more weight to the intensity 
measurements made at the smallest atmospheric pathlengths in 
assigning the average auroral brightness of 5kR. Because of 
these uncertainties, figures such as auroral power dissipation are 
uncertain by a factor of at least 4. On the other hand, the relative 
brightness measured within a given sequence (for which the 
observing geometry remains constant) depends mainly on the 
pointing accuracy and should be very good. The location of the 
aurora, at least at the time of the observation in Fig. 1, is well 
defined to within at most 2° in latitude. Finally, the emissions in 
the H, bands and at HLya from a thir layer above the sub-solar 
limb of Saturn? are too weak to contaminate these auroral 
measurements significantly. ee 

The aurora described here are probably related to the bursts 
of HLya emission reported by Clarke ef al’. The HLya 
component of the auroral emissions is generally a factor of ~5 
fainter than the H, band emission. The brightest HLya emission 
measured in the UVS data was 9kR observed during the 
pre-encounter NSM. Assuming that the radiation reported by 
Clarke et al. arose from either the northern or the southern 
aurora defined by the UVS, we estimate that the true surface 
brightness corresponding to the bursts reported by Clarke ef al. 
ranges between 13 and 40 kR. The brightest levels were obser- 
ved in only one of the seven observing peri tributed over 6 
months; their lowest level bursts deteeted correspond roughly in 
intensity to the brightest HLya emission measured to date by 
Voyager. CEE 

The morphology of Saturn’s auroras res: 
aurorae more than that of Jupiter's a 
Saturn’s polar cap region lies at a latitude 
and thus corresponds closely to the’ | 
excitation, as in the case of the Earth. This suggests that analo- 
gous mechanisms supply energy for the aurora on the two 
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Fig. 4 Auroral spectra. a, Saturn aurora, observed at a local zenith angle 
60°. b, Saturn aurora, local zenith angle 76. c, Jupiter aurora, Aurorally- 
excited emissions in the Lyman and. Werner: bands of Hi are apparent: 
between 900 and 1,130 A. The spectra have been normalized to equal levels 
at 1,105 A. The Saturn spectra differ markedly between 850 A and 1,030 A 
because of different absorption pathlengths, ‘The 1,105 A feature marked 
was used as an indicator of the intensity radiated in the H bands, The HLyw 
line has been truncated. 





682 





Nature Vol. 292 20 August 1981 





planets. On the other hand, the equatorward boundary of 
Jupiter’s aurorae matches the magnetic projection of Io’s 
plasma torus onto the atmosphere, suggesting excitation by an 
interaction between the atmosphere and the plasma torus''. 
(Aurorae may be present nearer the poles, at the boundaries of 
the polar caps, as well.) The energy deposited in the Earth’s 
atmosphere by aurorae is correlated with geomagnetic activity, 
-ranging over more than 2 orders of magnitude”. The average 
value’* is probably near 1.7 erg cem? s~™*, which corresponds to 
about 3 x 10° W, roughly 1/7 of the power deposited at Saturn. 
The interaction between the magnetosphere of a planet and the 
solar wind, the ultimate source of auroral energy on Earth and 
probably on Saturn, is important in determining the power 
available to auroral processes. This interaction transfers about 
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Voyager 1 high latitude and Pioneer 11 equatorial ionospheric structure indicate a solar EUV-controlled ionosphere with a 
possible molecular ion in the topside. Vibrationally excited H2 in the high latitudes may be an important loss mechanism. 
Dynamical effects are expected to be important for determining the peak density and its location. 





THE Voyager 1 coherent dual-frequency radio system (RSS) at 
wavelengths 3.6 and 13 cm provided the first look at a high 
latitude (~73 °S) ionospheric profile on Saturn’. The entry data 
reveal that near the evening terminator (solar zenith angle, 
E = 89°), the peak electron density of 2.3 x 10* electrons cm™? 
occurred at a height of ~2,500 km from the 1 bar pressure level. 
Earlier observations on Pioneer Saturn measured a peak elec- 
tron density of 1.1 x 10° cm™° at 1,800 km in the 10°S latitude 
range’, The observed ionospheric characteristics point to a 
markedly different ionosphere from that expected on con- 
ventional theoretical grounds. 

The RSS ionospheric measurements were accompanied by a 
simultaneous measurement of the neutral atmosphere by means 
of the Voyager UV spectrometer (UVS). Modelling studies 
suggest that the observed ionosphere is controlled principally by 
the ionization of the neutrals caused by the solar EUV. 

The UVS solar occultation measurements yield a neutral 
exospheric temperature of 820+ 100K at 62,000 km (ref. 3). 
The large size of the Sun (~500 km) projected on Saturn means 
that the height level at which the temperature reaches its 
exospheric value cannot be determined accurately. The exos- 
pheric temperature, however, is nearly the same as the topside 
plasma temperature (750 K). 

Preliminary analysis of the UVS stellar occultation data 
indicates that the temperature is essentially isothermal (~150- 
200 K) in the mesosphere up to ~750 km (H, = 5 x 10" cm™°) 
and an average temperature gradient of ~0.55 K km™ prevails 
above this altitude resulting in an exospheric temperature of 
~825 K at 2,000 km above the 1-bar pressure level. Indeed, the 
Saturn stellar occultation transmission characteristics are similar 
to those of the Jupiter stellar occultation data collected on 
Voyager 2 (refs 4, 5) when the height scale is corrected for the 
lower acceleration due to gravity on Saturn. With this informa- 
tion and the hydrostatic law, a working model of the atmos- 
pheric density profile at the ionospheric heights can be con- 
structed. An important caveat is that the Voyager ionosphere 
was measured at high latitudes, while the neutral atmosphere 
used here is essentially from equatorial to mid-latitude 


measurements’. The auroral activity on Saturn, however, is 
confined to the latitude band 78°~81.5 °S which is well outside 
the latitude region (73°S) of the ionospheric measurements 
discussed here. Therefore, no substantial change is expected in 
the neutral atmosphere at the ionospheric heights from the low 
to the high latitudes on Saturn. 

Knowledge of the atmospheric mixing as represented by the 
eddy diffusion coefficient, K, is important for determining the 
distribution of the hydrocarbons which act as an important sink 
to the major ions, H*, Hz and Hj (refs 6, 7). K, at the 
homopause may be determined from the atomic hydrogen 
abundance deduced from the planetary Lya intensity**°. The 
UVS data yield 3.3kR for Saturn Lya dayglow’ implying 5 x 
10°° cm™ H atoms above the homopause, and consequently K, 
of (1.5-5.0) x 10° cm? 571. 

The hydrocarbon density distributions were calculated 
considering CH, photolysis with the eddy diffusion coefficient 
varying inversely as the square root of the atmospheric number 
density’. 

The important chemical reactions for the Saturn ionosphere 
were taken from previous work®'®, We consider here low- 
pressure, low plasma temperature (T,) approximation for the 
radiative recombination reaction rate of the major topside ion, 
H*; the new rate is 4x 107'* (250/T.)”’ cm? s™ (ref. 11). The 
calculated ionospheric profile with a comparison with the 
Pioneer equatorial’? and Voyager high latitude! data are shown 
in Fig. 1. Protons (H~) comprise the major ions in altitudes 
>750 km. Below 750 km, a transition to H3 and heavy hydro- 
carbon ions such as C,H; and CH5 occurs. Conversion to the 
higher order hydrocarbon ions, C,H; and C,H5, is also prob- 
able in the lower ionosphere’. 

Although the Pioneer and Voyager data differ in details, there 
is general agreement about the location and magnitude of the 
peak, and the extent of the ionosphere. The observed peak 
electron density in the Voyager data is about a factor of 10 lower 
than the calculated one. A similar low density jovian ionosphere 
profile measured by Voyager 1 was interpreted as being due to 
the reaction of H* with vibrationally excited H, (ref. 10). The 
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Fig. 1 Model calculations and observations of the Saturn 


ionosphere. The Pioneer data refer to low latitude (~10 °S), while 
the Voyager data are for the high latitude (~73 °S). 


relatively low exospheric temperature (~800 K) on Saturn 
results in a small population of H3 in v' > 4 vibrational state so 
that the charge exchange reaction between H* and H, (v’ 24) 
would not be expected to be as important on Saturn as on 
Jupiter. However, the H, vibrational levels may be non-ther- 
mally populated due to electron precipitation processes. Such 
non-thermal vibrational distributions were suggested by 
Cravens”? from modelling of jovian electron precipitation pro- 
cesses. Such processes could be important in interpreting the 
Voyager/Saturn data provided that the effects of auroral pre- 
cipitation extend beyond the observed latitude band in which 
significant (~5 kR) H,-Lyman and Werner band auroral emis- 
sion have been observed by the Voyager UVS?. The observed 
H auroral emission imply an energy input of ~0.5 erg cm” s™! 
(in the 78°-81.5 °N and S latitudes) on Saturn which is about a 
factor of 10 lower than in the jovian auroral region. 

An electron precipitation event composed of 2 keV electrons 
with a flux of 1.5 x 10° cm~? s“! could reproduce the 3- 5 kR of 
H,-Lyman and Werner band emission seen by the UVS. Such 
an aurora produces a model ionosphere with a peak electron 
density of 2x 10°cm™* near 2,400 km when the effects of the 
charge exchange reaction (H+H, (v'=4)) are omitted. 
However, if a rate constant of 10°? cm* s™' is assumed for the 
reaction of H” with H; (v' = 4), and a vibrational temperature of 
~2,000 K, the peak electron density can be brought into rough 
agreement with the RSS high latitude ionosphere measure- 
ments. 

Even if the loss of H° by charge exchange with H; (v’ 24) 
could explain low peak electron density in the high, non-auroral 
latitudes, similar low peak electron densities have been 
measured by the Pioneer 11 spacecraft near 10°S latitude”? 
also, and they apparently need an alternative explanation due to 
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the unlikely occurrence of a significant vibrationally excited H, 
population in the Saturn equatorial ionosphere. The 700 R 
intensity of the non-auroral H, bands measured by the UVS? 
implies a planetwide precipitation of electrons resulting i ina 
relatively low energy deposition rate of 1.3x 10°* erg cm”? s` 
on Saturn. Relatively good agreement between the pinned: 
equatorial and the Voyager high latitude Saturn ionospheric 
data suggests a common H” loss process missing from current 
theoretical models. Moreover, the loss-of the major ion H* after 
the charge exchange with vibrationally excited H, (v’ = 4) even 
in the high latitudes is only a remote pessibility as the measured 
ionosphere is ~5°-10° removed from the auroral latitude band. 

The most obvious choice for reconciling the calculations and 
the measurements is an ion-molecule reaction which would 
convert some of the H* into relatively short-lived molecular 
ions. Although methane reacts rapidly with H” to form molecu- 
lar ions, it is not distributed high in the atmosphere due to the 
relatively low value of the eddy difusion coefficient, Ka~ 
10°cm?s~*. Even an extremely high K, (~10? om 26!) falls 
short of the required H* loss rate’. An alternative explanation is 
that water vapour in the rings could previde an important loss to 
the ionospheric H* (ref. 14). The OH would, however, be 
concentrated in the region near the rings suggesting a latitudinal 
variation in the OH + H* loss process, a variation not supported 
by the Pioneer and Voyager data. Furthermore, the large OH 
production rates might force unacceptable limits on the lon- 
gevity of the rings. We also find that the depletion of the peak 
electron density due to the ring shadow occurs in low latitudes; 
the effect, however, is minimal (<10%. depletion in the electron 
density) at the latitudes of the Pioneer observations’. 

There is no adequate common explanation for the low peak 
electron densities observed at both the low and high Saturn 
latitudes. Dynamical effects may have an important role in the 
low latitude ionosphere and auroral effects may be important at 
high latitudes. However, some as yet unknown H“ loss process 
may be the controlling factor at all Saturn latitudes. 

The location of the peak in electron density seems to be 
~500km higher than calculated (Fig. 1); this is, however, 
questionable as the calculated peak is quite broad. But many 
theories for reconciling this apparent discrepancy are. possible. 
Calculations indicate that an average diurnal vertical drift velo- 
city of ~14ms"' for H*, produced by an electrical field of 
~3mVm"', southward neutral winds of ~140 ms", and/or 
vertical winds of ~14 m s™' are capable of raising the peak by 
500 km (refs. 7, 15). 
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C,H, and C,H, in Titan’s atmosphere 
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Four bands of propane C3Hg and two of methyl acetylene C aHa have been identified in the Voyager IR spectrum-of Titan. 
Stratospheric abundances of 2x 10~° for CsHg and 3 x 107 * for C3H4 have been determined for the mid-latitude region. A 


feature at 1,154 cm” 


1, previously assigned solely to CH3D, is now identified at least in part due te CiHg¢. 





THE Voyager 1 IR instrument (IRIS)' obtained several hundred 
spectra of Titan when the angular diameter of the disk was at 
least five times the angular field of IRIS. Spectra of the centre of 


the disk, the polar regions, and both: limbs all revealed 
signatures of many hydrocarbons and of HCN in emission, 
indicating the presence of these gases in a warm stratosphere. In 
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Fig. 1. Comparison of observed Titan spectrum (4.3 cm”! resolu- 

tion) with laboratory measurements (2 cm™! resolution) at room 

temperature of CHa and C3H4. a, An average of 29 spectra from 

the north polar region of Titan. b, An average of 346 dayside 

spectra, principally from the centre of the disk but also including 

data from latitudes as high as 60° N or S. Laboratory spectra of 
C3Hg (c) and C3H, td) are also shown. 


some cases firm identifications and estimates of the abundances 
were obtained; in other cases, such as for C;H, and C,H, only 
tentative identifications were made’. We provide here addi- 
tional spectroscopic evidence for the existence of C,H, and 
CH; in Titan's stratosphere and give abundance estimates using 
our laboratory spectra. 


Titan and laboratory spectra 


Two Titan spectra, containing common strong features, are 
shown in Fig. 1: the ‘disk average’ is the average of 346 
individual spectra taken near the centre of the disk at a spatial 
resolution between 1/5 and ~ 1/50 of the disk diameter; the 
average emission angle is ~35°. The signal-to-noise ratio is 
~ 430 at 250 cm™', ~ 130 at 800 cm™’, ~ 16 at 1,000 cm“, and 
~ 35 at 1,500 cm™’. The ‘north pole’ spectrum is an average of 
29 spectra recorded at 68° latitude with an average emission 
angle of 63.4°. The signal-to-ncise ratio is lower in this spec- 
trum, ~ 125 at 250 cm”! and 35 at 800 cm™'. The behaviour of 
the continuum emission between 200 and 600 cm” is discussed 
elsewhere’. 

The laboratory spectra were recorded at room temperature in 
two segments: 200-500 cm™! and 400-1,600 cm™!. For C,H, 
the pressure of the sample was 994 mbar for the low and 
404 mbar for the high frequency region. For C,H,, the pressures 
were 47 mbar for the low and 9.3 mbar for the high frequency 
region. Sample runs were ratioed with empty cell runs to 
produce transmission spectra from which absorption coefficients 
were derived (shown in Fig. 1). Band designations, wavenum- 
bers and band strengths are listed in Table 1 for C,H, and C,H, 
for the observed 200-1,600 cm™ range. Several combination 
bands at 1,255cm™’ of C,H, also appear in Fig. 1 in the 
laboratory spectrum. 


Cemparison of Titan and laboratory spectra 

The average disk spectrum shows weak but definite spectral 
features of the C,H, fundamentals at 748, 922, 1,054 and 
1,158 cm™' (dashed lines in Fig. 1). The R branch of C,H; is 
superimposed on the propane tand but the 748 Q-branch of 
CH is clearly present. The weaker bands at 922, 1,054 and 
1,158 cm”! are all visible although in a spectral region where 
C-H, and other hydrocarbons have features of comparable 


strength. We have modelled the bands of CHa, C,H2, CHa, 
C-H. and CHD in the 700-1,400 cm™! range and found that 
none of these gases can account for the spectral features now 
assigned to C;Hs. Comparison of the spectra also shows that a 
feature at 1,154 cm™’, which has previously been identified* as 
due only to CH3D, is due principally to C,H,. The v, O-branch 
of CH3D appears to ride on this feature. The strongest C3H, 
band in the laboratory spectrum at 1,400 cm’ shown in Fig. 1 
shows no corresponding feature in the Titan spectrum, partly 
because CH, and many other hydrocarbons have strong and 
overlapping bands in this spectral interval, and partly because 
the emission originates at about the 6 mbar level where thermal 
contrast is greatly reduced (Fig. 2). 

The disk spectrum and to a greater extent the polar spectrum 
show the fundamentals of C,H, at 328 cm™ and at 633 cm™. 
These features are associated with the same gas because they 
tend to exhibit similar behaviour with position on the disk, 
decreasing in strength with increasing distance from the north 
polar region. They also show identical behaviour in scans across 
the limb (not shown), rising and falling in unison as each scan 
proceeds from space to well onto the disk. No signatures of the 
combination bands at 1,200-1,400 cm™ are expected because 
of their weakness and the above reasons for CHa. 

The identification of C;H, is made firmer by comparing the 
relative strengths of the features at 328 and 633 cm”! in the 
Titan spectra with those in the laboratory spectra. Figure 2 
shows most of the mass of gaseous C,H, must be between the 
condensation point (T ~ 110K; P~28 mbar) and a point one 
pressure scale height above (T ~ 150 K; P ~ 10 mbar). Thus the 
temperature of the bulk of C,H, is ~ 130 K. However, the peak 
brightness temperature observed in the spectrum (Fig. 1) is well 
below this temperature. Because the Q-branch width is 
comparable to the IRIS spectral resolution, it follows that the 
bands are optically thin, and the Q-branch intensity can be 
approximated by 


I, = €,B,(130 K) (1) 





Table 1 Fundamental frequencies and IR absorption intensities of 
C3Hg and CHa 





Wave number” Intensity? 


Band (em) (cm? atm”! at 300 K) 
Propane 
¥22 (223.0)t ~~ 
vo 360.3 0.4404 
V4 748.1 10.1% 1.0§ 
Pg 860.3 2.2 + 0.69 
Vié 921.7 4.63+0.65 
vis 1,053.8 4.0+0,45 
vy 1,157.5 
ved ea 5.04 +0.61 
Vig 1,338 103 
via 1,378 , 
ve 1399) eer 
vs 1,462 
Viz 1,464 
o 1472 69.9473 
Va 1,476 
Methyl acetylene 
Vio 327 67.3+7.0]| 
vo 633 282 + 28) 
vs 930 4.1 £2.0 
vg 1,052 241 
Va 1,380 6.1441 
vy 1,452 72.7+6.5 
*From ref. 7. 


+From ref. 8 for C,Hg; from ref. 14 for CHa. 

tEstimated from combination bands. 

§Our measured value. Kondo and Saéki® report 8,9 + 1.0 for va. 

Our measured values. Kondo and Koga“ report 67.8+4.1 and 
355+ 18 for vio and vy, respectively. 
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where the emissivity of the C,H, layer, ¢,, is the product of the 
gas density and band strength and B, is the Planck function at 
130 K. The band intensity ratio is therefore given by 


Is _ SeasBoss(130 K) 
Ize S328B329(130 K) 


where S is the band intensity. The Planck function ratio in 
equation (2) is ~1/4, while, from the laboratory spectrum in 
Fig. 1, Se33/ S328 ~4 (see Table 1); thus the calculated value for 
Ieaa/Is29 is ~1 provided the band strength ratio is approximately 
independent of temperature between 130 and 273 K. On the 
other hand the brightness temperature spectrum of 68° N (see 
Fig. 1, ref. 5) indicates that the observed value of [g33/Is25 iS 
~ 1.2, depending on the exact location of the continuum: this 
agreement is consistent within the uncertainties involved. 


(2) 


Abundance determinations 
For normal viewing, the solution to the equation of transfer over 
a narrow spectral range Av.can be written 


tam f Bak 
x f CAC -v exp | -f (xz qikat! ~ yer} a] dP (3) 


where J is the observed radiance, Av is the spectral resolution, œ 
is the instrument convolution function, B is the Planck function, 
g is the acceleration due to gravity, P is the pressure, and k is 
the mass absorption coefficient of a gas with a mole fraction q. 
The summations are over all gases j and all contributing lines i of 
a single gas. The approximation is very good when Av is small 
because B is essentially constant across such a narrow spectral 
interval. 

Solving for q requires first that the vertical thermal profile 
of the atmosphere be determined. Second, the vertical dis- 
tributions and mole fractions of all absorbing gases must be 
specified; initially the fraction q will be a trial value. Third, the 
transmission functions of all absorbing gases are calculated. 
Finally, an iteration is performed on q until equation (3) is 
satisfied. 

We have adopted the shape of the radio occultation profile® 
between 1,600 and 10 mbar, normalizing it to a surface 
temperature of 94 K. This profile has been extrapolated to 
1 mbar using IRIS data covering the 1,250-1,310 cm” range. 
Methane, the major emitter in this region, is assumed to be 
uniformly mixed.. 

Previous abundance determinations’ using a line-by-line 
transmission function program have specified the mixing ratios 
for C,Hs, C2H3, and HCN. Each gas was assumed to be uni- 
formly mixed down to its condensation level, below which it was 
reduced to vanishingly small amounts. The cutoff was 50 mbar 
for C,H, and C,H, and 10 mbar for HCN. To adjust the spectral 
continuum to the data a stratospheric aerosol was added above 
5 mbar, assigned an optical depth of 0.01 at 700 cm™' and made 
to increase linearly to 0.05 at 1,400 cm™'. The exact location of 
the aerosol is unimportant as long as it is optically thin’. 

For CHa, a synthetic spectrum was constructed for the vz, 
band at 748 cm™', The band intensity of v2; was measured from 
the 2 cm™' resolution laboratory spectra to be 10.1+1.0cm™ 
atm™' at 300 K. Other molecular parameters are from refs 7 and 
8. Because the distribution of intensities within a 4.3 cm™ 
interval is less important to the present analysis than the 
integrated intensity in this interval, only representative line 
positions and intensities were used to fit our room-temperature 
laboratory spectrum. No molecular spectroscopic analysis was 
performed. Propane was also assumed to be uniformly mixed 
down to 50 mbar in the model, below which its abundance was 
set to 0. Equation (3) was iterated until convergence was 
reached for q(C3Hg). We infer 


q(C3Hs)~2x 107° (4) 


for the disk average which should be accurate to within a factor 
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Fig. 2 Vertical temperature profile of Titan’s atmosphere** and 
the condensation curves of N, and several hydrocarbons with mole 
fractions listed in Table 1 of-ref. 5. Uniforni mixing is assumed 
throughout the stratosphere. HCN will condense at abo: 
and C He at about 60 mbar. C,H, will aotcond 
assumed concentration, The condensation p 
particles for HCN, C3Hyg, CoHo, CoH. and CHi 
for C3Hg. Very little gas will exist below the 
because of the steepness of the temperature 
pressure curves. 
of three. The major sources of errer involve the imprecise 
vertical modelling of the other hydrocarbons and the aerosol, 
and an uncertain 748 cm ~ Q-brarich strengt g Because 
the entire 748 cm™' band is weak, smäll « ‘rela’ 
large background continuum lead to large errors in t 
C3Hg mixing ratio. The concentration ef CiHys seems to be fairly 
constant over the disk. Ki 
We could now determine the mixing ra 
equation (3) if we knew the related values of k (r)i 
Fortunately the integrated vo band intensity and O-branch 
intensity at 633 cm™' measured from the laboratory spectra is 
sufficient for obtaining a good approximation to the mixing ratio 
when C,H, is optically thin throughout this band, as it is for 
Titan. We can expand the transmission function in equation (3) 
in a power series and retain only the first two terms. On inverting 
the orders of integration and summaticn in equation (3) we have 


[ olv ~v’) exp |- fz È gkily 
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The second term on the right hand side is the optical depth 7,. On 
integrating over a spectral interval &» we obtain 


1 N 
svtu = -> | (ELok) aP 6) 
B Jp\j i 
where & is the integrated strength of an individual line and Tgr 
the optical depth averaged over dv. If we restrict Sv to the width 


of the Q-branch of a single gas, equation (6) becomes approxi- 
mately 


ron f aap (7) 









where S° is the Q-branch strength: ig the Ovbrarich 
optical depth of the gas. Equation (7) is an excellent approxima- 
tion as long as there is minimal saturation (that is the gas is 
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everywhere optically thin), and the strength of the Q-branch is 
insensitive to temperature. The former is true for the 328 and 
633 cm™' C,H, bands on Titan, while the latter is true for 
fundamental bands generally, for which the lower state energies 
are small. The Q-branch strength of C,H2, for example, 
increases from 356 to only 369 cm” * atm” over the temperature 
range 300-150 K. If we restrict solutions of q to those for which 
there is uniform mixing down to some cutoff level, equation (7) 
becomes 


F S° : 
Tq =~ q (8) 
g ôv 


where P is less than the atmospheric pressure at the conden- 
sation level, provisionally assumed to be 50 mbar for C,H4. 
We could substitute equation (8) back into equation (3) and 
solve for q(C;H,) but because the available line-by-line pro- 
gram cannot readily accept a hybrid combination of trans- 
mission functions, the following artifice has been adopted. 
Available line parameters for the 729 cm™ C,H, Q-branch 
replace those for the 633 cm™' C3H, Q-branch. Equation (3) is 
then iterated and a fictitious mole fraction q* is determined. 
The corresponding Q-branch optical thickness derived from 
equation (8) is correct, however, as long as it is small (no 
saturation), because it was obtained by fitting the calculations to 
observed data. Equations (5)-i8) demonstrate that the Q- 
branch optical thickness is independent of the number, strength, 
and way in which the individual lines are distributed in the band; 
q is adjusted accordingly. Hence for optically thin layers qS° is 
an invariant which depends only on the observations and the 
background opacity. This enables us to obtain the actual C,H, 
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abundance from the expression 
S° (CH2) 
S°(GH;) 4 


where S°(C,H,) is obtained from our laboratory data, and 
q*S°(C,H,) is inferred from the strength of the 633 cm7! C,H, 


q (C3H4) = i (9) 


Q-branch in the Titan spectrum. We find 
q(C3Hs)~3 x 107° (10) 


for the disk average with an uncertainty of a factor of ~3 due to 
attendant uncertainties in modelling the vertical distribution 
and placement of the continuum, as well as the treatment of the 
overlapping C,H, Q-branch at 628 cm”! (ref. 5). The reasons 
for the enhancement in the north are not known; one possible 
explanation is that the differences are associated with the north 
polar hood. The atmospheric hydrocarbon composition of Titan 
determined from Voyager IRIS data is summarized in Table 1 of 
ref. 5 for the disk average. 

Organic chemistry is significantly different on Titan compared 
with that on Jupiter or Saturn partly because of a different 
photo- and high-energy particle radiation chemistry due to a 
relatively lower abundance of H, and higher abundances of N, 
and CH, on Titan’, and partly because of the presence of an 
atmospheric sink at Titan’s surface*”"*, 
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C.H., HC,N and C.N, in Titan’s atmosphere 
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The compounds C4Hz, HC3N, and C:N; have been detected in trace amounts in the stratosphere of Titan. The identification 
of two compounds containing nitrogen, in addition to HCN, provides further evidence for the abundance of free Nz on Titan. 





THE Titan atmosphere is characterized by hydrocarbon and 
nitrogen-containing organic compounds in an atmosphere 
which near the surface is predominantly composed of molecular 
nitrogen, methane, molecular hydrogen and possibly argon’. 
Molecules containing oxygen heve not been detected. Many 
organic compounds have now been identified in the stratosphere 
of Titan from ground-based and spacecraft IR spectroscopic 
observations. The first hydrocarbon identification was the 
ground-based observation of methane? (CH4). Subsequent 
ground-based measurements identified ethane’ (C,H,), acetyl- 
ene* (C,H) and ethylene* (C;H.). Strong IR emissions due to 
these gases have also been observed with the IR instrument 
(IRIS)® on Voyager 1. The IRIS spectrum also indicates the 
presence of hydrogen cyanide (HCN), methyl acetylene (CsH,), 
and propane®’ (C3Hg). We now identify three additional organic 
compounds: diacetylene (C4H2), cyanoacetylene (HC3N), and 
cyanogen (C,N2). 


Observations 

Voyager 1 took IR measurements of the atmosphere of Titan 
from ~8 h before to ~3 h after closest approach. An average of 
346 spectra, mostly from the centre of the disk but including 
data from latitudes as high as +60°, is shown in Fig. 1. The 
average emission angle is ~35°. Strong emission features asso- 
ciated with stratospheric gases appear above a background 
continuum (see Fig. 1 and Table 1 which also indicate weaker 
emission features due to C,H, and C3Hg). The high latitude 
spectrum is an average of 30 individual spectra obtained at 68° N 
latitude near or on the dark polar hood observed in Voyager 
images*. The average emission angle is ~63°. Several features 
are evident in the 200-700 cm™ region of the 68° N spectrum 
but not in the midlatitude disk average (220, 233, 500, 
663 cm7'). Other features are enhanced in the high polar region 
(328, 628, 633 cm™'). Some enhancement is caused by the 
higher emission angle of the north polar spectrum compared 
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with that of the spectra recorded further south. However, in 
view of the low stratospheric temperatures in the north, the 
strong enhancement of some spectral features implies a genuine 
enrichment of these species at high northern latitudes. 
Differences in temperatures and chemical processes associated 
with the polar hood may be responsible for the enrichment. 

The limb spectrum shown in Fig. 2 is an average of three 
individual spectra taken at grazing incidence above the north 
polar cap. The tangent ray defining the centre of the instrument 
fleld of view passes ~330 km above the surface of Titan at its 
closest point, while the diameter of the fleld of view at this point 
is ~190 km. Thus, there is considerable space contamination in 
the spectrum, which depresses the background continuum rela- 
tive to the sharp emission features producing clear separation 
between the 220 and 233 cm™ features. 


Identification of C4H2, HCN and C,N, 

After accounting for the emission features of Cat, HCN, CHa, 

CHa, C2He, C-H, and CH, several prominent features still 

remained unidentified in the 200-700 cm™ region of the IRIS 
. The sharp appearance of these features (220, 233, 500, 

628, 633 cm") suggested association with Q branch absorp- 

tions of minor stratospheric constituents. 

The assignment of these five unidentified spectral features to 
CHa, HC,N and C,N, was based on: (1) a correspondence in 
wavenumber and in the shape of the emission feature with 
laboratory spectra of the candidate molecules; (2) the apparent 
agreement of the relative intensities of the features with the 
corresponding strengths derived from the laboratory spectra if 
the candidate molecule has more than one feature in the obser- 
ved spectrum. We only investigated gases which were consi- 
dered possible constituents of the atmosphere of Titan. A list of 
potential constituents was assembled from organic chemistry 
studies involving photochemical and energetic particle 
bombardment processes*”’. Spectra in the 200-1,400 cm™ 
region were obtained for these potential atmospheric consti- 
tuents at nearly the same spectral resolution as Voyager IRIS. 
(The laboratory spectra were obtained at 2 and 4 cm™™ resolu- 
tion with a Fourier transform spectrometer operated by the 
Optics Branch, Goddard Space Flight Center. Samplea were 
contained in a 3-cm length cell at pressures ranging from 11 to 
140 torr. Sample temperatures were ambient (300 K).) 
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Fig. 1 Comparison of laboratory and Titan radiance spectra. The disk 
average spectrum (a) represents mainly midlatrtude repons on Titan while 
the 68° N spectrum (b) is of a region near or over the northern polar cap. 
Several ammon features in the 200-700 cm™’ region are enhanced in the 
68° N spectrum. c, A laboratory spectrum for dlacetylene (C,H) 
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Table 1 Organic compounda in Titan's stratosphere Inferred from Voyager IRIS 





Wave Approximate 
Chemical . number mole 
family Gas {em} fraction 
Carbon-hydrogen 
1304 3x107 
CH, 822 2x 107% 
748 2x 10% 
GH, 729 2x10 
GH, 950 4x107 
325,633 3x10 
CH, 220,628 10-107 
Carbon—hydrogen-nitrogen z 
HCN 712 2x 107 
HC,N 500, 663 10-1077 
Carbon-nltrogen 
GN, 233 10-107 


C4Hz, is expected to be present in the upper atmosphere of 
Titan as a result of methane photolysis and hydrogen escape, 
leading to C,H and to the production of C,H; by the reaction 
CaH + CHa. The two features in the IRIS spectrum at 220 and 
628 cm™’ correspond to the Q branches of the vp and ve, 
fundamental vibration—rotation bands of C4H3, respectively’. 
These two features are marked in Fig. 1 but may be seen most 
distinctly in the high air mass spectrum of Fig. 2. The 220 cm™ 
C,H, feature is partially overlapped by the 233 cem“! C,N2 
emission and the 628 cm™ feature by the C,H, emission at 
633cm™'. However, the 43cm! resolution allows 
identification of CyH,. The intensity ratio for the two C,H. 
features in the observed spectrum may be approximated by’ 


Tarao am“! _ Sho Bro(130 K) 
TE “$35 Bogg(130 K) 


where S is the strength of the Q branch of the molecular band, 
and B is the Planck function at 130K. Q branch strengths 
derived from laboratory data yield an intensity ratio of ~0.74, 
which agrees with the observed intensity ratio of ~0.72 for the 
north limb spectrum (Fig. 2). The observed intensity ratio is 
therefore consistent with the C,H, identification. The C,H, 
band at 1,250 cm™ is too weak to appear in the Titan spectrum. 

HC,N is expected in Titan’s atmosphere from the reaction of 
CN with C,H, and C,H,, where the CN is produced from the 
dissociation of HCN and the C,H, from methane photolysis’, As 
indicated by comparison with the laboratory spectrum in Fig. 2, 
the HC,N emissions from the vs and vs fundamental vibration- 
rotation bands’*** at 500 and 663 cm™', respectively, are easily 
identified. The intensity ratio of the two features 
(Is00 oa~?/I663 an“! ) are approximately the same in the observed 
and the laboratory spectra (~0.8), thus strengthening the HC,N 
identification. The HC,N band at 1,310 cm™ is too weak to 
appear in the Titan spectrum. 

CN; is predicted to occur in the Titan atmosphere through 
the combination of a CN radical, either with HCN or with 
another CN radical’. The only CN; emission feature occurring 
in the IRIS spectrum (Fig. 2) is the strong vs fundamental band’ 
at 233 cm’. The detection of CN, and HC,N is consistent with 
experiments carried out for CHN, mixtures’*® 

The strong emission features of the three gases in the limb 
spectrum (Fig. 2) indicate that a large fraction of their mass is in 
the upper stratosphere (p <20 mbar, T > 130 K). Additionally 
large concentrations are not expected to occur in the low 
temperature environment of the lower stratosphere due to 
condensation (see Fig. 2 of ref. 7). Thus we can associate the 
formation of these gases with photochemistry in the upper 
stratosphere. Crude abundance estimates for these three gases 
yield mole fractions between 107* and 107’, consistent with 
production by nitrogen ion and methane photolysis photo- 
chemistry’. 


Discussion and conclusion 


The organic compounds observed in the atmosphere of Titan are 
summarized in Table 1, which also indicates the approximate 
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Fig. 2. Comparison of laboratory and Titan radiance spectra, The observed 
spectrum (a) was obtained off the limb of the planet in the northern polar cap 
region. The high air mass along the line of sight enhances the weak emission 
features, while space contamination in the field of view depresses the 
adjacent continuum. Laboratory spectra for cyanoacetylene (HCN) (6) and 
cyanogen (C,N,) (c) are shown. 


mole fraction for each compound identified previously, as 
determined from analysis of the disk average spectrum. These 
compounds originate by reactions of methane and nitrogen 
radicals in a predominantly nitrogen atmosphere. Although 
Titan’s location at 9.35 AU reduces the solar flux by a factor of 
87 compared with the flux at the Earth, dissociation of 
significant quantities of methane still occurs due to Lya radia- 
tion. Titan is located within the Saturn magnetosphere and lacks 
a shielding magnetic field. This causes energetic electrons and 
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protons to ionize and dissociate the principal atmospheric 
constituents. Bremsstrahlung extends the effective penetration 
depth of energetic electrons down to an altitude of 130 km. In 
addition to charged particles from Saturn’s magnetosphere 
Titan is bombarded by galactic cosmic radiation, consisting 
mostly of protons in the GeV range, which penetrate to the 
surface. Particle ionization is expected to lead to neutral frag- 
ments and ions, including CH, N, CH4, Nz, N*, CH3, and CH. 
Subsequent ion-molecule reactions involving methane, mole- 
cular hydrogen, and molecular nitrogen lead to complex neutral 
hydrocarbons. The various energy sources, acting over a long 
period of time, have formed a complex array of hydrogen- 
carbon-nitrogen compounds. 

The wide variety of organic compounds, with fairly high 
abundances of C,H, and C,Hg, indicates that the chemistry of 
Titan is significantly different from that of Jupiter and Saturn. 
One reason is the low H, abundance (~0.2%)! which prevents 
rapid recycling of CH, (ref. 18), and yields higher relative levels 
of the methane photolysis reactive radicals (CHa, CH3, C,H). 
Also, these and the CN radical from the dissociation of HCN, do 
not react with the major constituent N, and thus are available to 
react with minor hydrocarbon species to form more complex 
compounds. Additionally, the reduced solar flux leads to an 
increased lifetime of minor atmospheric constituents against 
photodissociation. 

Many of the Titan constituents have been detected in inter- 
stellar sources'**°, Among those with non-zero dipole moments 
(HCN, HC:N, CHa, and CH) only CHa has not been detected 
at radio wavelengths for the interstellar sources. 
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Mean molecular weight and hydrogen 
abundance of Titan’s atmosphere 
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The 200-600 cm™' continuum opacity in the troposphere and lower stratosphere of Titan is inferred from thermal emission 
spectra from the Voyager 1 IR spectrometer (IRIS). The surface temperature and mean molecular weight are 94 K < To < 
97K and 28.3<M<29.2 amu, respectively. The mole fraction of molecular hydrogen is 0.002+0.001, which is 


equivalent to an abundance of ~ 0.2+0.1 km amagat. 





THERMAL inversion in Titan's atmosphere has been demon- 
strated by narrow band IR photometry’? and spectropho- 
tometric data? which showed that at least methane, ethane and 
probably ethene exist in a warm stratosphere overlying a colder 
background. Danielson et al.‘ and Caldwell’ quantitatively 
explained the major features of the thermal emission spectrum 
using simple inversion models. 

Models with a deeper atmosphere had also been suggested. 
But even in the model proposed by Hunten®, which was 
remarkably accurate in its thermal and compositional predic- 
tions, it was accepted that methane clouds and photochemically 


induced smog would obscure the atmosphere below the tropo- 
pause. McCarthy et al.’ interpreted their data between 330 and 
625cm' as being consistent with an inversion model. An 
optically opaque base, either the surface or dense clouds, was 
assumed to be roughly at a temperature of 74 K, below which 
little, if any, information was available. 

This situation changed when Voyager 1 IR data showed limb 
darkening over the 200-600 cm”! spectral range". The radiance 
at small emission angles (the angle at the surface between the 
direction of viewing and the surface normal) was found to be 
larger than that for large angles near the limb. This could occur 
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Fig.1 A. a, average of 29 spectra near the daytime east limb. The average 

emission angle is $2.7° and the mean latitude is 7.2°N. b, Average of 10 

spectra near the'sub-spacecraft point. The average emission angle is 7.3° and 

the mean latitude is 8.3°N. Theoretical fits for a hydrogen mole fraction 

q = 0.002 (@); q =0 (©). Values are displaced 10 radiance units upwards for 

clarity. B, northern low-latitude spectral limb function: AII = 
' 1~2,(7,.3°)/1,(52.79). 


only if the observed radiation originated principally below the 
temperature minimum, from the troposphere. 

The observed spectral limb function is 

AI 1,(52.7°)— 1,(7.3°) 1) 

I 1,{52.7°) ( 
where J,(@) is the radiance at wavenumber v and emission angle 
9. I,(7.3°) and J,(52.7°) are averages of 10 and 29 spectra, 
respectively, and are shown in Fig. 1 with the spectral limb 
function. 

We have found that at low latitudes the limb function is 
symmetric about the sub-spacecraft meridian, indicating a lack 
of diurnal and longitudinal variation, although Flasar et al.’ find 
evidence for a slight latitudinal inhomogeneity at ~10° south 
latitude where a weak opacity transition at 200 cm™’ seems to 
occur. This coincides approximately with the visual brightness 
transition found near the equator'®. Thus the limb function 
given by equation (1) should be free of horizontal inhomo- 
geneity as the selected data sets are associated with fields of view 
that are small, closely grouped, and are between 0° and 15° N 
latitude. Because this latitude range also includes the ingress 
Earth occultation point, we can incorporate the radio science 
temperature profile'' directly into a quantitative interpretation 
of our data. 


Models 


The two spectral averages indicated in equation (1) yield 
independent information, principally because the large 
difference in emission angles ensures that different effective 
emission levels in the atmosphere are being sampled. Thus at 
each wavenumber two independent parameters characterizing 
the radiative properties of the atmosphere can be inferred. We 
have chosen for these the optical thicknesses of the stratosphere 
Ar, and tropopause Ary. 





We restrict the computational models to the range 200- 
600 cm™’. Solutions for higher wavenumbers do not converge, 
probably because of insufficient signal below the tropopause. A 
simple exponential law of absorption is assumed, which is 
adequate as long as clouds, hazes and pressure-induced absorp- 
tion by gases are the only opacity sources. Thus we avoid the 
spectral ranges 205-255 cm™', 305-355 cm", 460-515 em” 
and above 605 cm™', where sharp-line spectral features are seen 
in the spectra®. The formal solution to the equation of transfer 


xo p d 
Le] Binet (2) 
o H 
can be expressed numerically by 
; ae >o G 
L) = È B.tr)fexp| - $ ax]| 
i=] imiti Mk 
Ci , 
x[1-exp| ~<a] |e =1,2) 3) 
Hk 


where B,(7;) is the Planck function at wavenumber v (constant 
across layer i), 7 is the optical depth, u, the direction cosine of 
the kth emission angle, n the number of layers (including the 
ground), and 


Ar, = C,Agli=1,..., 7) (4) 


is the optical thickness of layer i. The relative vertical dis- 
tribution of opacity is specified in the model by the reduced 
optical thickness Ar. The C; in equations (3) and (4) are then 
solved by an iterative technique. For each wavenumber interval 
the C, provides multiplication factors which convert the assumed 
relative optical thicknesses, Af, into absolute values Ar. 
Because we have only two free parameters available we assign 
one value to the stratosphere and the other to a layer at the 
tropopause; the latter is about the level where we expect the 
upper boundary of methane clouds. The height of the stratos- 
pheric layer as well as its vertical extent is varied from case to 
case. In some cases a third multiplier C = 1 is specified in the 
troposphere to accommodate pressure-induced absorption. 
The temperature profiles are patterned after the radio occul- 
tation ingress profile (ref. 11 and G. L. Tyler and G. Lindal, 
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Fig. 2 Temperature profile corresponding to our nominal model. The 

shape between 10 and 1,600-nibar is taken from data provided oy O L Tyler 

and G. Lindal and normalized to-a surface temperature: 7, = 95 Ko The 

extrapolation above 10 mbar is forced fe be consistent with brightness 

temperatures observed in the 1,304 em ™ re band of methane in the IRIS 
spectra. 
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personal communication). The skape of this profile is retained, 
but the magnitude is normalized to different values of the 
surface temperature To, which is equivalent to assuming 
different (constant with altitude) mean molecular weights M. 
Above 10 mbar the profile is extended to 0.01 mbar by 
extrapolating to 174 K, an asymptotically limiting value consis- 
tent with the brightness temperatures at the Q- branch of CH, at 
1,304 cm” in the low-latitude IRIS spectra. Partial checks using 
the CH, P-branch brightness temperatures at 1,260 cm™' show 
internal consistency to within ~3 K at the 5 mbar level. A 
nominal working profile with To = 95 K is shown in Fig. 2. 

Figure 2 also shows the various forms of opacity considered in 
our models. The first set of models consists of one cloud layer at 
the tropopause and three opacity alternatives in the stratos- 
phere: two thin haze layers located at temperatures of 171.3 K 
and 103.3 K, and a haze mixed uniformly throughout the stra- 
tosphere with an opacity directly proportional to the atmos- 
pheric density. Each alternative is computed separately using 
the radiances measured at both emission angles. The solutions 
are the total stratospheric and tropopause optical thicknesses 
Arg and Ary as functions of wavenumber, and are shown in Fig. 3 
for surface temperatures of 94 K and 96.3 K. These tempera- 
tures are close to the minimum and maximum permissible 
values, indicating that the range of possible opacity models is 
bounded by those shown in Fig. 3. 


Thermal opacity 

Several conclusions can be inferred from Fig. 3. First, although 
the wavenumber dependence is not well defined, the stratos- 
pheric opacity tends to be small at all wavenumbers for all 
models. Thus the contribution of emission from the stratosphere 
is approximately 


I; = B, Arts (5) 


where B, is the Planck function associated with layer års. (For 
the uniform haze models an appropriate weighting of the Planck 
function must be carried out.) Because the Planck function 
corresponding to stratospheric temperatures is large relative to 
values corresponding to temperatures in the troposphere (see 
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Fig. 2), the stratospheric contribution to the measured radiance 
is not negligible despite small values of Ars, but can amount toa 
large fraction of the total signal. However, without an indepen- 
dent determination of the vertical distribution of the stratos- 
pheric haze, it is not possible to separate B, and Ars. Thus, 
because the wavenumber dependence of B, varies strongly over 
the range of stratospheric temperatures, a correspondingly large 
uncertainty also exists in the wavenumber dependence of Ars. 
Conversely, the qualitative wavenumber dependence of the 
tropopause opacity is well defined independently of the way in 
which the stratosphere is modelled, principally because the 
stratospheric opacity is too small to impede or modify radiation 
passing through it from below. From 200 cm™' to ~540 cm™ the 
tropopause opacity decreases monotonically with a reversin 
trend observed between 540 and 600 cm™'. Beyond 600 cm” 
stable solutions are impossible, apparently because there mole- 
cular emission from the stratosphere dominates the spectrum. 
The general increase of tropopause opacity with decreasing 
wavenumber below about 540 cm™' has led to two suggestions 
for the absorption mechanism‘: pressure-induced absorption by 
various CH, and N, combinations, and absorption by methane 
clouds. Calculations by R. Courtin (personal communication) 
imply that pressure-induced absorption could supply only a few 
per cent of the required opacity at the low temperatures prevail- 
ing in the Titan troposphere. Other data'™™? suggest CH, clouds 
to be a realistic opacity source. The observed thermal dis- 


Table 1 Possible mole fractions of different gases at Titan’s surface 





Gas Mole fraction 
N, 0.822 
Ar 0.116 
CH, 0.060 
H, 0.002 


The nominal model has a surface temperature of 95 K and a mean molecular 
weight of 28.6 amu. The methane fraction of saturation is slightly less than 0.5. 
Argon (M = 40 AMU) is postulated to be present, partly because its presence is 
expected on the basis of its cosmic abundance and partly because it is one of the few 
gases that will not freeze out at the abundance required to balance the mean 
molecular weight. 
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Fig.4 Minimum and maximum allowable surface temperatures for a given 
fraction of methane saturation. For a constant methane mole fraction, a 
fractional saturation of 0,19 at the surface corresponds to complete satura- 
tion just below the tropopause. The widths of the bands for the high and low 
temperature limits give a measure of the uncertainties, 


continuity across the equatorial region at 200 cm” also implies 
that clouds contribute at least part of the opacity’. Until 
more extensive laboratory data on liquid and solid CH, are 
considered we can only suggest that methane clouds may pro- 
vide the dominant. opacity in Titan’s upper troposphere. 


Surface temperature and mean molecular weight 


At 540 cm™!, the models in Fig. 3a show a negative stratos- 
pheric opacity and a tropopause opacity that is almost zero, 
hence the total opacity in the atmosphere is effectively zero, and 
to lower the surface temperature To below 94 K would require 
both opacities to become negative. Because this is physically 
impossible, 94 K is a lower limit, and the observed emission at 
540 cm™ is dominantly from the surface. If the actual surface 
temperature were lower, stratospheric emission would have to 
compensate to yield the measured radiance. This would cause 
limb brightening, contrary to what is shown in Fig. 1. On the 
other hand, increasing To to 96.3 K causes the calculated stra- 
tospheric opacity at 200 cm™* to become negative (Fig. 35). This 
is a consequence of requiring the minimum atmospheric 
temperature to be higher than the observed brightness 
temperature of 74 K at 200 cm™’, again a physical impossibility. 

Thus the surface temperature seems to be bounded between 
close limits, although a few corrections need to be made. Some 
opacity due to hydrogen absorption is required at 540 cm™ and 
our modelling suggests that this can be achieved by raising the 
minimum surface temperature limit to 94,5 + 0.4 K. Noise in the 
data and uncertainties in the H, absorption coefficients account 
for the uncertainty in Tg. 

The upper limit to the surface temperature is more uncertain, 
Its assessment depends first on determining an upper limit to the 
tropopause temperature, and then scaling this to the surface 
with the aid of the radio occultation profile’’. If the limb 
darkening of about 0.8 K observed at 200 cm“ is due partly to 
multiple scattering in methane clouds, the tropopause tempera- 
ture must be raised some fraction of this amount. Alternatively, 
if the 200 cm™ brightness temperature discontinuity of ~1 K 
across the equator’ is due to an opacity gradient rather than a 
horizontal thermal gradient, the tropopause temperature must 
be reduced accordingly. The upper limit to the temperature at 
the tropopause becomes 74 K with an estimated uncertainty of 
+0.5 K. This scales to a surface temperature upper limit of 
96.3+0.7 K. 

A further complication is introduced when a variable CH, 
mole fraction below the tropopause is considered, requiring that 
the mean molecular weight M also be scaled, From published 
data’ it is found that the condensation profile for methane 
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becomes tangent to the temperature profile at 7 = 75 K for a 
methane mole fraction of q(CH,) = 0.0266. Thus, if methane 
saturates anywhere it will do so at the 75 K level, resulting in a 
constant mole fraction of 0.0266 above this level and a larger 
variable fraction below it. Using the T/M. value of 2.55 K 
(AMU)*! at the tropopause", we find M=29.0 at Ty= 74K. 
This leads to a height-independert’ molecular weight of 
29.4AMU for the remainder of the atmosphere after the 
contribution from CH, is subtracted out. On adopting the radio 





OPTICAL THICKNESS 








200 306 400 aO m BOO 
WAVENUMBER (er!) 





pe 


OPTICAL THICKNESS 








200 300 400 300 “S00 





clarification. The surface temperature is To s93 K A Ary i 

with q = 0.002. The opacity of an additional absorber (0) topor- 

tional to the square of the pressure, thereby restricting itweflect mainly tothe 
lower troposphere: 
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Fig. 6 Modified optical thicknesses. Smooth fits to Ar, in Fig. 5a for 

two values of q are shown (—@—). Corresponding solutions for Av, are 

obtained by forcing a fit to the limb spectrum in Fig. 1 (— —- X — — x, and 
mt am» a), The surface temperature is To = 95 K. 


occultation T/M value of 3.32 K (AMU)”’ for the surface’! it 
becomes straightforward to calculate the surface temperature 
for different mole fractions of methane. As the tropopause 
temperature of 74 K is an upper limit, the surface temperatures 
scaled from this value are also upper limits. 

The results from these calculations are shown in Fig. 4 as a 
function of the fraction of methane saturation. Also shown is the 
lower limit to the surface temperature calculated previously. 
Both limits are displayed as bands to illustrate the attendant 
uncertainties. Any combination of surface temperature and 
fraction of saturation within the enclosed triangle is a legitimate 
solution. Values for the fraction of saturation below 0.19 are not 
very likely on physical grounds, however, because they cor- 
respond to methane mole fractions less than the tropopause 
value. The lower troposphere seems to be undersaturated with 
respect to methane, perhaps substantially so, although the fairly 
long chain of reasoning involved makes it difficult to assess the 
associated uncertainties. From Fig. 4, with the fraction of 
saturation equal to 0.19, the limits for the surface temperature 


are 
94 K <T5<97K (6) 


from which it follows that the limits for the mean molecular 
weight are 
28.3 <M <29.2 AMU (7) 


If the CH, fraction of saturation at the surface is >0.19, as is 
likely, the upper limits in expressions (6) and (7) must be 
reduced accordingly. 

Tyler and Lindal (personal communication) have pointed out 
that the radio occultation values for T/M (ref. 11) are accurate 
to two significant figures but probably not to three, adding an 
uncertainty of about +0.8 AMU to the limits of M in equation 
(7). On the other hand, inferring the surface temperature from 
one that is measured at the tropopause depends essentially only 
on the ratio of the respective T/M values. As this ratio is better 
determined than the individual values of T/M (G. L. Tyler and 
G. Lindal, personal communications), the upper limits for the 
surface temperature in Fig. 4 and equation (6) are well 
established. 

Despite the many uncertainties M is probably >28, the value 
for molecular nitrogen. Taking To = 95 K and (T/M)e = 3.32, 
we find M = 28.6. If q(CH,) = 0.06 at the surface (<50% of 
saturation; see Fig. 4) and the atmosphere is composed only of 
hydrogen, methane, nitrogen and argon, it is possible to con- 
struct the mole fraction for each. The results are listed in Table 1 
and show a large amount of argon (~12%), although the 


atmosphere remains dominantly nitrogen. Table 1 is only meant 
to be representative of reasonable conditions. We have no direct 
evidence that argon exists in the atmosphere, only that some 
molecular constituent higher in mass than N, is probably 
present, and argon is a plausible choice because of its inert 
qualities and low condensation temperature. The upper limit of 
6% argon inferred by the UV experiment’ is not inconsistent 
with our suggested value. 


Molecular hydrogen abundance 


Superimposed on the general tropopause opacity continuum 
shown in Fig. 3 are two localized broad features at 360 cm™ and 
600 cm”! which correspond closely to the S(0) and S(1) pres- 
sure-induced absorption lines of molecular hydrogen. We have 
calculated approximate absorption coefficients for the pressure- 
induced absorption of H, due to collisions with N}. The cal- 
culations are based primarily on the theoretical work of Birn- 
baum and Cohen'® for H.-H, collisions. The conversion to 
absorption coefficients for H.-N. collisions was accomplished 
by scaling the laboratory data of Kiss and Welsh” and Kiss et 
al.'*, As both the integrated absorption coefficient and the line 
half widths were scaled from data obtained at 195 K, there is an 
estimated uncertainty in the absorption coefficients of ~25% at 
the temperatures prevailing near the surface of Titan. 

We have normalized the temperature profile in Fig. 2 to a 
surface temperature of 95 K, a realistic value according to Fig. 4. 
Induced H-N, absorption is then added to the other sources of 
opacity in the radiative transfer calculations. This new opacity 
source has a pressure-squared dependence, most dominant in 
the lower troposphere. Above the tropopause the effect was 
neglected because it is <1% of its value near the surface. 

According to the models discussed previously, the tropopause 
opacity calculations are basically independent of the stratos- 
pheric model adopted (see Fig. 3). This remains true when 
pressure-induced H, opacity is added to the troposphere. Figure 
5a shows several solutions for the optical thicknesses of the 
stratosphere and tropopause for the thin haze model with 

s = 103.3 K. Other stratospheric models yield essentially the 
same results for Arr. Thus the H, mole fraction seems fairly well 
defined if one imposes the condition that the wavenumber 
dependence of Arr be as smooth as possible. A hydrogen mole 
fraction q ~ 0.002 + 0.0005 provides the smoothest fit to Ar; of 
the cases examined, although the actual uncertainty in q is larger 
owing to the 25% uncertainty in the hydrogen absorption 
coefficients, leading to a final value of 


q(H2) = 0.002 + 0.001 (8) 


The result for q is basically independent of the stratospheric 
model adopted. Further tests show this to be true for the 
tropospheric opacity also. One such test, shown in Fig. 5b, 
entails a model that departs radically from the previous ones. 
Instead of placing all the tropospheric opacity at the tropopause, 
substantial pressure-induced absorption associated with a ficti- 
tious gas is introduced, which places most of the absorption near 
the surface. The total optical depth of this absorber is shown as a 
function of wavenumber in Fig. 5b. The much weaker pressure- 
induced absorption of H, with q = 0.002 is then added, and 
solutions for Ars and Ary are obtained as before. Although the 
quantitative solutions for Arr are substantially different from 
those in Fig. 5a, the shapes of the two curves corresponding to 
identical values of q are quite similar, showing the same degrees 
of smoothness. The solutions for Arg are nearly identical in both 
cases. Thus the determination of q seems to be independent of 
the method by which the tropospheric background opacity is 
modelled as long as the wavenumber dependence of the latter is 
smooth. 

An estimate of the sensitivity of the solutions to the accuracy 
of the data can be obtained by replacing Arr with a completely 
smooth curve and forcing perfect fits to the limb radiances Z, 
(52.7°) (see Fig. 1). Subjectively determined smooth fits of Arr 
from Fig. 5 for q = 0 and q = 0.002 are shown in Fig. 6. Solutions 
for Ars for q = 0.002 and 0 are also shown. These results lead in 
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turn to the solutions for J, (7.3°) shown in Fig. 1 for q =0 and 
q = 0.002; the observed spectrum at 8 = 7.3° is superimposed. 

As Fig. 1 demonstrates, the solutions for q = 0.002 fit the data 
well, whereas those for q = 0 show marked departures across the 
S(0) line and smaller departures in the vicinity of the $(1) line. In 
Fig. 6 the q = 0 solutions for Avs inversely mimic the signatures 
corresponding in position to the $(0) and $(1) lines. Apparently 
this is how the model compensates for a lack of H, absorption in 
the troposphere in the process of fitting the limb spectrum in Fig. 
1 (see also equation.(5)). Conversely the q = 0.002 solutions for 
Ars in Fig. 6:show’no such inclination, implying that the H3 
opacity has been modelled correctly. 

The total depth of our model atmosphere is ~90 km amagat, 
yielding from equation (8) a molecular hydrogen abundance of 
~0.2 km amagat. This is a factor 25 lower than Trafton’s'?”° 
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Titan’s atmosphere: temperature and dynamics 
F. M. Flasar, R. E. Samuelson & B. J. Conrath 


. Laboratory for Extraterrestrial Physics, NASA/Goddard Space Flight Center, Greenbelt, Maryland 20771, UŞA: 





In the lower atmosphere of Titan IR brightness temperatures exhibit meridional contrast =3 K. Seasonal variations are 


absent because of the large radiative time constant. In the upper stratosphere meridional contrasts are ~20 ] 
* eyclostrophic zonal winds, and the radiative time constant is short, implying a large seasonal 
temperature and wind field. The absence of longitudinal thermal structure implies that zonally symmetric 
meridional transport of heat. A simple model yields meridional velocities ~0.04 cms" 
"in the lower troposphere, and meridional velocities ~5 cm s 


100 ms~ 


~107 cm? s” 
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COVERAGE of Titan by the IR instrument (IRIS) during the 
Voyager 1 encounter provided information on the global ther- 
mal structure of the satellite and its atmosphere at relatively high 
spatial resolution. Here we present data obtained in three 
spectral intervals which sample the lower troposphere and 
surface, tropopause, and the upper stratosphere. We discuss the 
meridional and longitudinal thermal structure implied by the 
data, Finally, we estimate radiative time constants at various 
levels of ‘Titan’s. atmosphere and examine a class of dynamical 
flows which are consistent with the data. 


Observations. _ 

The data were obtained over a 6-h interval when the spacecraft 
was within 2.x 10° km of the center of Titan and the instrument 
field of view was less than one-third of the satellite’s 2,570 km 
radius. The season on Titan was close to northern spring 
equinox. Three spectral regions have been analysed. In the first, 
centred at 530cm™’, the total optical thickness of the atmos- 
phere is 7 < 0.6 (ref. 1). The major contributor to the opacity is 
pressure-induced absorption of molecular hydrogen from H- 
N- collisions. As this effect is confined to a vertical range close to 
the ground, the 530cm™' brightness temperature should be 
close to the actual surface temperature. Brightness tempera- 
tures near 200 cm" correspond | approximately to the tropo- 
pause temperature’. The 200 cm™ opacity has been inferred to 
be fairly large (7 23), confined mainly to clouds, and con- 
strained to a vertical range over which the atmosphere is essen- 
tially isothermal. Finally, the 1,304cm™' v, Q-branch of 
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methane is associated with emission from the ~0.3 mbar pres- 
sure level. 
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Fig. 1 1,304 cm™? low latitude limb function. ©, Northern lati- 

tude daytime data; [C], southern daytime data; southern night- 

time data. Error bars include uncertainties due 1o noise and 
calibration. 
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Table 1 1,304~-1,260 cm™! brightness temperature differences 





Emission x 
Latitude angle Ta(1,304) Ta(1,260) 8T,(K) 
~$5.0° 508° 169.8+0.7 153.717 16.1+1.9 
+7,5° 47 5° 173.2+£0.4 186.7+1.3 16.5414 
+52.6° $0.5° 168.1+0.9 149.142.1 19.0+2.3 





Vertical temperature gradients produce an emission angle 
dependence in the observed radiance, which must be removed to 
infer the horizontal structure in atmospheric temperature. We 
have therefore normalized the data in each wavenumber region 
to a common emission angle. Corrections at 200cm™ and 
530 cm™' were determined from a spectral limb function derived 
from data’ restricted to the latitude range 0-15°N. These 
corrections have been applied to the data at all latitudes, even 
though there seems to be a subtle but real meridional change in 
opacity across the equator. There is no rigorous justification for 
doing this; however, as the corrections tend to be small (<0.8 K 
at 200 cm™’ and 0.3 K at 530 cm”) any corresponding syste- 
matic error should also be small. 

The larger emission angle corrections at 1,304 cm™' are more 
reliable. Horizontal opacity inhomogeneities (due to clouds, for 
example) are not as likely near the 0.3 mbar level as they are at 
lower altitudes. Moreover, the difference between the bright- 
ness temperatures at 1,260 cm™! and 1,304 cm™', divided by the 
difference in altitudes at which the respective CH, weighting 
functions peak, gives a crude approximation of d7/dz at each 
geographical location. Figure 1 depicts the emission angle 
corrections derived for low latitudes. Table 1 shows the 
spectral brightness temperature differences Ta = 
Tgi1,304) ~ Ta(1,260) at three widely separate latitudes where 
enough spectra are available for sufficient signal at 1,260 cm™'. 
The emission angles are very similar, and the values of 57, are 
identical to within the noise of the data. As CH, should be 
uniformly mixed at these levels, the altitude difference between 
weighting functions should be independent of geographical 
location. Thus the emission angie corrections derived for low 
latitudes should also be valid at high latitudes. 

Other uncertainties and corrections exist. The statistical 
uncertainty due to noise was generally about +1K at 
1,304 cm™'; at 200 cm™ and 530 cm”? it was smaller, +0.1 K, 
because it was possible to average over fairly wide spectral 
intervals (60-80 cm~’) and because the IRIS signal-to-noise 
ratio was higher at these wavenumbers. Finally, all nightside 
data were corrected for a time-dependent calibration drift of the 
instrument. This drift occurred principally from the heating of 
the secondary mirror of the instrument which occurred when it 
became exposed to direct sunlight. The uncertainty in these 
calibration corrections is <0.1 K at 1,304 cm™ and ~0.4 K and 
0.5 K at 200 cm™ and 530 cm, respectively. 


Results 

The data have been examined for evidence of longitudinal 
structure. At several latitudes there were day/night obser- 
vations separated by ~180° in longitude. At low latitudes 
longitudinal coverage was more extensive, though not complete; 
over limited spans of longitude, scales down to 30° could be 
resolved. In general fewer spectra could be averaged in this 
analysis than in the study of meridional structure, and the 


Nature Vol. 292 20 August 1981 





uncertainties exceeded the formal errors quoted above. Within 
these uncertainties, no longitudinal or hour angle dependence of 
brightness temperature was discernible. Reasonable upper 
limits on temperature variation are 1K at 200cm™ and 
530 cm™ and 3 K at 1,304 cm™. 

Meridional variations in temperature are better defined. 
Table 2 summarizes all the data used. The number of spectra 
used in obtaining the mean brightness temperatures Ta are 
listed and the mean latitude and emission angle a of the data set 
are given. Also indicated is the emission angle correction 
ATp(a) required to normalize Tp to a = §2.7°. Finally, bright- 
ness temperatures corrected for emission angle are listed. The 
associated uncertainties are the sum of uncertainties due to 
noise, emission angle corrections, and nightside calibration 
corrections. Because the first represents a random error while 
the last two are systematic, we considered the sum of their 
magnitudes rather than a vector sum in estimating the total 
error. The corrected brightness temperatures are also shown in 
Fig. 2. Vertical bars represent the uncertainties listed in Table 2, 
while horizontal bars indicate the latitude range, defined by the 
centres of the relevant fields of view, over which the data set 
comprising each point extend. 

The meridional variation in brightness temperature at 
200 cm™' is small. Brightness temperatures in the northern 
hemisphere are ~1 K higher than those at southern latitudes; a 
sharp transition occurs near 10°S. The meridional contrast in 
atmospheric temperature must also be small. The principal 
source of opacity at 200 cm™’ has been inferred to be a system of 
methane clouds, situated mainly at or just below the tropopause 
(~100 mbar) and ~3 in total optical thickness over northern low 
latitudes. No configuration of clouds with these opacities could 
mask meridional contrasts larger than a few degrees, as the 
temperature lapse rate is small near the tropopause. The small 
difference in brightness temperature between northern and 
southern latitudes may be an opacity rather than a thermal 
effect. As the abundance of stratospheric methane is controlled 
by saturation just below the tropopause’’, the methane cloud 
system will not extend very far into the stratosphere. An 
increase to r~4 over southern latitudes would easily account 
for the ~1 K brightness temperature reduction. The correlation 
between our data and the enhanced visual brightness in the 
southern hemisphere found by Smith et al.’ also suggests 
methane clouds. The opacity ‘boundary’ at ~10°S latitude 
seems to correlate fairly well with that discovered by Smith er 
al. within about +5° of the equator. 

At 530 cm™, where the effective emission level is close to the 
ground’, there is a real temperature variation with latitude. 
Pressure-induced H, absorption is the major opacity source 
while that from clouds is relatively small, implying that the 
effective emission level is perhaps ~1,500 mbar. The thermal 
variation with latitude is roughly symmetric about the equator. 
At low latitudes the daytime temperatures, which have smaller 
errors, are slightly warmer in the north than in the south. This 
may very well reflect a higher atmospheric opacity in the south, 
possibly from clouds at higher altitudes. This would be consis- 
tent with the north/south opacity difference inferred at 
200 cm™', When extrapolated, the data suggest a total equator- 
to-pole surface temperature variation of about 3 K. 


In contrast the meridional variation of the 1,304 cm™ 


Table 2 200, 530, and 1,304 cm”! latitudinal temperature distributions 











Latitude ideg) Emission angle a (deg) 
T(K?) A4Tyia) Talcorr} 
No. 200 em™? 200cm™! i i EN x F = a 
Day/night spectra 530cm”? 1,304 cm™° 530em™! 1,304cem™! 200em™! 530em7! 1,304em™! 200cm 330 em 1,304 cm”? 200cm 530 cm 1,304 em 

N 13 -59.6 ~55.0 54.6 50.5 72.8 91.3 169.8 +0.2 0 -0.2 73.020.5 91.3206 169.640.7 
N 8 ~48.3 ~45.0 45.8 42.0 733 91.3 173.5 -0.1 -0.1 +0.4 73240,5 91.2406 1739+08 
D 4 ~29.6 -27.5 47.1 43.5 73.1 92.2 174.6 -0.5 +0,2 -0.1 +0.4 12.6403 921440.2  175.0+1.0 
D 6 ~10.0 -9.5 21,0 19.5 741 92.8 171.7 —0.6+0.1 -0.3 +14 73.5402 92.5201 173.120.9 
N 5 -8.7 -8.7 13.7 12.8 74.8 92.6 171.6 -0.7 ~0.4 +16 74,140.58 92.2206 173.2211 
D 29 +72 +75 52.7 47.5 14.0 93.1 173.2 0 0 0 74.020 93.140 173.2204 
D 10 +8.34 +84 7.3 73 74.8 93.5 1715 -0.8 ~0.4 +16 74.020 93.1401 173.2208 
D 5 +33.9 +32.0 30.9 29.8 74.5 93.1 171.6 6,520.2 -0.3 +14.0 74.020.2 92.8201 172.6e11 
N 6 +35.7 +33.5 45.8 42.0 74.2 91.9 171.2 ~0.220.1 -0.4 +0.4 740406 91.8206 171.6211 
D 10 +57.1 +52.6 55.0 50.5 73.6 91.3 168.3 +0.1 0 0,2 93.740.1 91.3461 168.120.9 
D 6 +67.4 +61.4 66.9 59.2 73.7 90.8 164.8 4074204 403201 -1.0 F44 t05 91.1203 163.8214 
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Fig. 2 1,304cm™', 530cm™', and 200cm™ latitudinal dis- 

tributions of brightness temperature. The 1,304 cm™' distribution 

is normalized fo an emission angle a = 47.5°, while the other two 

are normalised to.2 = 52.7°, O, Daytime data; @, night-time data. 

Vertical bars include uncertainties due to noise, calibration, and 

emission angle corrections. Horizontal bars denote the latitude 

range over which data comprising each point extend. 

brightness temperature is much larger. Although the extrapola- 
tion is large, the poles are apparently 20 K colder than the 
equatorial region. There is a hemispheric asymmetry, the 
southern hemisphere being 3 K warmer at mid latitudes than the 
northern hemisphere. The structure is probably thermal in 
origin with little or no contribution from meridional opacity 
variations along constant pressure surfaces. After correcting for 
an emission angle of 47.5° (to which the data are normalized) the 
effective emission angle is less than that for the lower 
wavenumbers (a = 52.7°), because of its functional dependence 
on altitude in an extended spherical atmosphere. This also 
accounts for the slight compression of the 1,304 cm™' data along 
the latitude axis relative to the data at the lower wavenumbers. 


Discussion 


The observed thermal structure of an atmosphere represents the 
radiative~dynamical response to an imposed thermal driving, 
such as solar heating. An important measure of the inertia of an 
atmosphere to this driving is its radiative relaxation, or response 
time rp, (ref. 4). Smith et al? have estimated the radiative 
response time of Titan’s lower troposphere to be ~4 x 10” s, or 
140 yr. This is much longer than a season on Titan. If Q, = 
22/(Saturn’s orbital period =29.5 yr), QTR = 30. Such a large 
value implies almost no seasonal variation in temperature. At 
each latitude, temperatures should respond to the annual mean 
insolation which is symmetric about the equator. The symmetry 
evident in the brightness temperatures at 530 cm’ is consistent 
with this. 

Estimates of the radiative response time near the tropopause, 
to which the 200 cm™ brightness temperatures in Fig. 2 pertain, 
are not presently feasible. Most of the tropopause emission is at 
wavenumbers below 200 cm™' for which we have no data, The 
low meridional contrast in brightness temperature at 200 cm™' 
suggests little seasonal variation in temperature. Either the 
radiative time constant at the tropopause is large, O,7p > 1, or 
the heating at this level is predominantly from absorption of 
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radiation emitted lower in the atmosphere where rg is large and 
seasonal effects are small. 

Radiative time constants can be estimated for Titan’s 
stratosphere. The contribution from gaseous emission is taken 
into account using the formulation of Harshvardhan and Cess”, 
which assumes direct cooling to space. The cooling rate N (s) 
at a pressure level P is 


ng OT ay dB., 
CP aln P dT 


where 7a, is the transmittance averaged over a wavenumber 
interval Av (cm”'), B,, is the Planck function (ergs cm” sr?) 
at vo, g is the local gravitational acceleration, T is temperature, 
and C, is the specific heat. Transmittances have been obtained 
from a line by line spectral integrationfor CH, (vo = 1,304 em, 
Av = 200 cem™), CoH (vo = 820 cm, Av = 85 cm™'), and C,H, 
(vo=729cm, Av=95cm™') (V. Kunde personal com- 
munication). Each gas was assumed te be distributed uniformly 
with height in the stratosphere with an abundance inferred from 
its observed IR emission’. Radiative response times were 
obtained by summing over the three species (Table 3). 

Radiative response times in the upper stratosphere 
(0.3 mbar < P < 10 mbar) are short relative to Titan’s seasons 
but still long compared with its day. Note that the times are 
smaller than the preliminary estimates given by Hanel et al’. 
The longer radiative time constants in the lower stratosphere 
mainly result from the decrease in T ‘and hence dB,,/dT) with 
depth in this region?*, The assumption of a uniform vertical 
distribution is valid only if there is rapid vertical mixing. If Cas 
and C,H, are end products of the pheto-dissociation of CH, at 
high levels of the atmosphere (P«0.1 mbar)’, less efficient 
mixing would imply that the concentrations of C,Hs and C,H, 
increase with height. This would effect'a decrease in response 
times in the upper stratosphere, and an increase at lower levels, 
relative to those listed in Table 3. 

It has been concluded’ that some of the emission at 200~ 
600 cm™' originates in the stratosphere, probably from aerosols. 
As the stratosphere is optically thin in this wavenumber range, 
the level of emission cannot be unambiguously: determined. 
However, the deduced wavelength dependence of the aerosol 
emissivity is more like that expected for small particles if the 
emission is from the lower stratosphere (P ~ 10-30 mbar). If the 
aerosol emission is confined to a slab one scale height thick with 
emissivity £, and temperature T, the radiative response time of 
the slab is given by 


E same fam g dB, 
C,P ‘ 





N=- (1) 





dr 2 
200cm dT e 
Table 3 lists 7g at two pressure levels. The aerosol component 
reduces rp significantly below that computed for gaseous emis- 
sion alone. This suggests that aerosois are the major source of 
cooling in the lower stratosphere. 

In the upper stratosphere near 1 mbar 0,72 1, and there 
should be no lag in the thermal response. As only a small fraction 
of incident solar radiation is absorbed at higher altitudes, the 
meridional distribution of solar heating and temperature at 
solstice will be flat in the summer hemisphere, with a slight 
maximum at the pole, provided that the sources of thermal and 
solar opacity are uniformly distributed with latitude*’. The 
winter hemisphere will be colder with sharper gradients in 
temperature. At the equinoxes the temperature distribution 





Table 3 Radiative response times ia Titan’s stratosphere 





Gaseous radiative 





cooling rate Nig `°) Taís) fhg 
Pimbar) T(K} CH, CHa CH, Gas Aerosol Gas Aerosol 
0.3 173 2x10% 3x10 2xjo* 3x10 — 2i = 
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should be symmetric about the equator, being warmest there 
and coldest at the poles. The meridional distribution of the 
1,304 cm“ brightness temperature at northern spring equinox 
(Fig. 2) roughly accords with the latter case, but the ~3 K 
hemispheric asymmetry evident at mid-latitudes is puzzling. 
Meridional variations in the infrared flux emitted deeper in the 
atmosphere where 1),7g 21 cannot explain the asymmetry, as 
the flux is emitted at lower temperatures and does not contribute 
significantly to the radiative heating near 1 mbar. A hemispheric 
asymmetry in opacity is possible. On Earth, for example, 
seasonal variations in the meridional distribution of ozone 
account for the seasonal behaviour of stratospheric tempera- 
tures”, Although variations in aerosols and gaseous absorbers 
such as C,H, and C,H¢ are possible on Titan, we cannot 
unambiguously account for the observed asymmetry. 

Figure 3 represents schematically 0,7, with pressure level. 
Because of the uncertainties in the location of the stratospheric 
aerosol emission and in the radiative time constant at the 
tropopause, the transition from (2,72 « 1 high in the stratosphere 
to QTR > 1 lower down is not defined very precisely. 

The meridional temperature gradients depicted in Fig. 2 
imply a zonal thermal wind, u. If the surface drag is sufficiently 
strong, u(z = 0)=0, and 


u*(z) 


z 


1 
tan A+20sin A u(z)= -+ Í £5 T de (3) 
a dy T 


where A is latitude, z is height, a = 2,570 km is the radius of 
Titan’, Q=4,5x10°s"' is its frequency of rotation, and T is 
atmospheric temperature. If we assume that the meridional 
temperature has the form T(z, A)= To(z)+AT(z) cos A and 
AT =3 K throughout the troposphere, then at the tropopause 
(z =60 km, P=100 mbar) we infer an eastward velocity of 
u=36ms"' at 45° latitude. This is approximately three times 
the surface rotational speed at Titan’s equator. The larger 
horizontal contrasts in temperature in the stratosphere imply 
even stronger zonal winds. We assume that the thermal contrast 
between the equator and pole increases linearly with InP from 
3 K at 100 mbar to 20 K at 0.5 mbar. At 45°, equation (3) yields 
u(0.5 mbar) ~110 m s™'. The estimate of the stratospheric zonal 
winds is uncertain insofar as we have no direct knowledge of the 
meridional temperature structure in the lower stratosphere. 
Nonetheless, it is hard to avoid the conclusion that there are 
global cyclostrophic flows (u/Qa »1) in Titan’s atmosphere. 
The occurrence of such flows in the atmosphere of Venus is 
already well established'’. However, unlike Venus, Titan has a 
large obliquity. The temperatures in its upper stratosphere, 
where 0,7, is small compared with one, should exhibit a large 
seasonal variation. From equation (3), we expect a concomitant 
variation in the zonal winds at high altitudes. 
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Fig. 3 Schematic diagram of the meridional flow in Titan’s 
atmosphere at northern spring equinox. Mean vertical profiles of 


temperature and radiative relaxation time are indicated at the left. 





Table 4 Radiative and dynamical characteristics of Titan’s atmosphere 





Ae D ôl Te V ajy K 
(K) (km) (K) (s) (ems!) (s) (em? 574) 
Lower troposphere 3 28 22 4x10" 0.04 7xi0® 10 
{P ~ 1,000 mbar) 
Upper stratosphere 20 42 60 3x10’ § 6x10" —_ 


(P ~ 1 mbar) 


The condition that u(0) be small compared with the zonal 
winds at higher levels requires that the time for surface drag to 
deplete the relative zonal momentum of the atmosphere be 
small compared with the other dynamical time scales of the 
problem’, We assume a surface stress of the form Cpu(0)*, 
where Cp=3x 107? is a dimensionless drag coefficient”, For 
vertical scales (D = 28 km) and zonal velocities characteristic of 
the lower troposphere, the surface drag time is only’? 
D/Cypu(D)~ 10° s. We will show that the meridional turnover 
time is much larger, ~10™ s (Table 4). 

The long radiative time scales in Titan’s atmosphere imply 
that there should be no diurnal response to solar heating and this 
is consistent with the absence of discernible longitudinal struc- 
ture in the data. The absence of this structure, however, also 
implies that baroclinic eddies do not have an important role in 
Titan’s atmosphere. Previously, Leovy and Pollack’ concluded 
that baroclinic eddies are probably not effective in transporting 
heat on Titan, Assuming a vertical structure close to adiabatic, 
they found that the preferred scale of the eddies exceeded the 
radius of the satellite. Voyager observations, however, indicate 
a temperature lapse rate which is much more stable”*. This 
increases the preferred scale of the eddies and strengthens 
Leovy and Pollack’s original conclusion that zonally symmetric 
flow constitutes the favoured mode of meridional heat transport. 

Following Leovy and Pollack’*, we consider zonally sym- 
metric, thermodynamically direct, meridional circulations of 
horizontal dimension ~a. There are several reasons for 
considering only thermally direct flows. First, the thermal 
contrasts forced by differential solar heating will induce a meri- 
dional transport of heat which will reduce these contrasts for the 
atmosphere as a whole. Second, the observed temperatures in 
the lower troposphere and upper stratosphere, the two regions 
of the atmosphere which we can treat quantitatively, are consis- 
tent with thermally direct flows. The global temperature 
contrasts are in the same sense as those which would obtain from 
purely radiative effects but reduced in magnitude. Finally, a 
thermally direct circulation is the simplest, and allows straight- 
forward calculation, provided that the meridional contrasts in 
temperature and radiative time constants are known. Given the 
gaps in our knowledge of Titan’s atmosphere, consideration of 
more complex flows is unwarranted. 

We use here the Boussinesq approximation, although this 
limitation does not affect our conclusions. Consider an idealized 
meridional cell confined to altitudes zo and zo + D, and latitudes 
0 and 7/2. Let the symbol 6( ) denote the vertical contrast in 
a given quantity (6( )=( ).=2,+07( )z«2,) averaged over lati- 
tudes 0, 7/2; Let A( ) denote the contrast over latitude (A( ) = 
()asom( )awnsg) averaged over the depth D. The ther- 
modynamic heat equation can be cast into the form”*: 


Vi. Ab- 
0,00 +49 ~ SE a (4) 


TR 

where 8 denotes potential temperature, and factors of the order 
of unity have been neglected. The term on the right-hand side 
represents radiative heating and cooling in terms of a linear 
relaxation back to the radiative equilibrium state, 8.. The second 
term on the left-hand side represents the poleward transport of 
sensible heat and potential energy by the meridional cell. V is a 
mass-weighted meridional velocity averaged over the upper or 
lower leg of the cell. When A@>0, there is upwelling at low 
latitudes and poleward motion in the upper leg of the cell. The 
condition £0 > 0 ensures that net transport of energy is pole- 
ward'*, and the circulation acts to reduce A9 (3,A@ <0). We will 
use equation (4) to estimate the magnitude of the meridional 
circulation at various altitudes in Titan’s atmosphere. 
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In the troposphere (zo = 0) the long radiative response time 
and absence of detectable seasonal variation imply a steady 
circulation, 3, =0, symmetric about the equator. As the lower 
troposphere contains most of the atmospheric mass, we choose 
D = 1.$ scale heights =28 km. Over this interval 50 = 22 K (refs 
2, 4). As the inclination of Titan’s rotational axis to the ecliptic is 
presumably 27°, the annual mean insolation of the polar regions 
is half that at equatorial latitudes'*, A crude estimate of A0. 
follows from ; 

6.(A=0) | * 


T 
e A=- 
a(4=5) 


With 6.(A =0)=95 K, A0.=15 K. The temperature contrast 
observed in the troposphere (Fig. 2) is much less, A@ ~ 3 K. With 
these estimates, equation (4) implies V~0.04cms"', 
equivalent to a dynamical turnover time, a/V, ~7x10°s 
~200 yr (Table 4). 

Two potentially important transports have been neglected in 
this discussion of the Hadley circulation. The first is the equa- 
torward transport by the circulation of latent heat associated 
with methane condensation. The second is the poleward trans- 
port of sensible heat by deep reservoirs of liquid methane which 
may exist on the surface of Titan. The magnitude of these 
transports relative to the atmospheric transport of sensible heat 
and potential energy is difficult to estimate. On Earth, where 
water is the condensate, they are all comparable, at least over 
those latitudes where the Hadley circulation dominates'®. In this 
complex situation, the net poleward transport of energy on 
Earth is still comparable to the atmospheric transport of sensible 
heat and potential energy alone. This suggests that our estimates 
remain correct to order of magnitude. 

In the upper stratosphere the radiative response times are 
short. Since a, ~ Qs « rR', the time derivative in equation (4) can 
be neglected: the upper stratosphere is in radiative~dynamical 
balance with the current value of the seasonal forcing. For the 
estimate we assume a vertical scale of one scale height. At the 
equinoxes, radiative equilibrium implies Ad, ~ 10° K. Using the 
thermal contrast A@ ~ 20 K inferred from the 1,304 cm” data, 
we estimate V~5 cm s™ (Table 4). 

The transition from N,TR& 1 in the upper stratosphere to 
0,721 occurs.in the lower stratosphere and tropopause 
region, as noted earlier. In the lower stratosphere the thermal 
response will lag the solar forcing; if O.7r ~ 3 the lag is close to 
its asymptotic value of one season’’. At the northern spring 
equinox, temperatures within the lower stratosphere should be 
warmer in the southern hemisphere than in the north. Such a 
thermal asymmetry would induce a pole to pole circulation with 
rising motion in the southern hemisphere. If such a circulation 
penetrated into the tropopause region, where the seasonally 
varying radiative heating is probably smaller, adiabatic cooling 
could conceivably be sufficiently strong to produce lower 
temperatures and enhanced condensation in the southern 
hemisphere, as suggested by the observations at 200 cm™’. On 
the basis of the visible hemispheric asymmetry, Smith et al.’ 
suggested such a circulation for the lower troposphere. 
However, the magnitudes of radiative response times (Tables 3 
and 4) and the global hemispheric symmetry observed at 
530 cm”! (Fig. 2) suggest that such a cross equatorial circulation 
is more likely.situated in the lower stratosphere and tropopause 
region. 

Figure 3 illustrates one possible model of the meridional flow 
in Titan’s troposphere and stratosphere at northern spring 
equinox; it assumes a uniform distribution of opacity with 
latitude. The topology indicated has to be speculative, because 
we lack sufficient information on the vertical structure of the 
meridional contrasts in temperature. This cannot be achieved 
until the vertical distribution of IR opacity is known, particularly 
in the lower stratosphere and troposphere. Note, however, that 
the vertical mass flux in the ascending leg of the meridional cell 
in the upper stratosphere is 0.1 that in the lower troposphere. 
Thus the streamlines in the stratospheric circulation possibly 


close in the lower troposphere, as apparently occurs on 
Earth'*”, 

Although eddy transport of heat may not be important on 
Titan, eddies are crucial in the maintenance of its zonal momen- 
tum. The zonal velocity of 36 ms”! at 45° latitude, computed 
earlier, corresponds to an angular momentum per unit mass of 
3Qa*. In the upper stratosphere the corresponding angular 
momentum per unit mass is 2}. times larger. The angular 
momentum per unit mass in a zonally. symmetric circulation 
controlled by down-gradient angular momentum fluxes is 
limited to Na? (refs 12, 20). Atmospheres with excess angular 
momentum therefore require other transport mechanisms, such 
as lateral mixing of vorticity or angular velocity by barotropic 
eddies”. Upward transport of zonal momentum by vertically 
propagating waves is another possibility”’, although the lack of 
longitudinal structure in the observations precludes most 
conceivable planetary-scale waves on Titan. 

The vertical transport of angular. momentum by a zonally 
symmetric meridional cell must be balanced in a steady state by 
vertical eddy transport. The angular momentum equation, 
averaged over a horizontal surface from A= 0 to w/2, is * 


wld 
a, f dA cos am + | 


0 0 


wid 


dA cos Ad, ( WM) 


ni2 
= f dA cos Að, (Kä, M) (5) 
0 

In equation (5) M denotes the angular momentum per unit 
mass, W is vertical velocity, and « is an eddy diffusion coefficient 
for vertical mixing of momentum. We have assumed the 
horizontal fluxes to be zero at A=0, 7/2. Consider the lower 
troposphere which contains the bulk of the atmospheric mass 
and momentum; here the flow is steady (0, #0), The require- 
ment that there be no net exchange of angular momentum 
between the lower troposphere and surface implies that the. 


vertical flux of angular momentum across a horizontal surface - 


vanish, permitting equation (5) to be written as 


WAM ~ a sti ( 





The quantities AM and ôM denote, Snein the horizontal 
and vertical contrasts in angular momentum. An atmosphere 
with d,u>0(6M>0) requires that the equatorial angular 
momentum exceed that at polar latitudes (AM > 0)". Knowing 
the meridional velocities from thermodynamic considerations 
(Table 4) permits an estimate of «x. Since u(D) ~ Qa and u(0) = 
0, in the lower atmosphere of Titan 6M ~(M), a tropospheric 
average. A Hadley cell which conserves angular momentum in 
its (upper) poleward branch will have AM = 0. On the other 
hand, if eddy mixing of vorticity or angular velocity across 
latitudes is sufficiently vigorous, AM ~(M). Thus we expect 
AM/5M = 1 and from equation (6) 
D? 
x= DW ~~ V~10%cm’?s"! 


From analogous considerations, Gierasch”’ inferred a low value 
of vertical viscosity in the atmosphere of Venus, « ~ 10% em, 
Note that equation (6), with the added condition AM/éM <1, 
requires that the time for. diffusion of momentum. vertically 
through the troposphere, D?/«x, not exceed the dynamic 
turnover time, a/ V. 

Leovy and Pollack’? proposed a symmetric model of Titan's. 
tropospheric circulation and deduced meridional velocities 
much larger and thermal contrasts smaller than those presented 
here. Although their model differs from oursin several specific 
aspects, the most important difference lies in their treatment of 
internal friction. In not distinguishing between (0) and w(D), 
they in effect assumed a Rayleigh friction drag in the: angular 
momentum equation. They ‘therefore implicitly as . 
Cpu(D)D ~ 10’ cm? s~*; well in excess of our derived ‘upper ce 
limit. From equation 6) this resulted in larger meridional 
velocities, V~1 ms, and smaller. thermal contrasts. The 
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anticipated seasonal variation in the zonal wind field of the 
stratosphere presents a more complex situation, and we will not 
attempt to analyse the requisite angular momentum transports. 


Conclusions 


IR brightness temperature at 200cm™', 530cm™’, and 
1,304 cm™' exhibit small meridional contrasts (<3 K) in the 
troposphere and tropopause region and larger contrasts 
(~20 K) in the upper stratosphere. Radiative relaxation times 
estimated for the troposphere and stratosphere are large 
compared with the length of Titan’s day. In the lower tro- 
posphere they are also large compared with the length of a 
season, 0,7p 1, implying a lack of seasonal variation in 
temperature. In the upper stratosphere, 0,7p « 1, and seasonal 
variations in temperature should be large. The location of the 
transition region, where 0,72 = 1, is not well determined. 

The absence of detectable longitudinal structure in the 
observations suggests that baroclinic waves and eddies are 
absent in Titan’s atmosphere. Zonally symmetric flows are the 
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Voyager 1 images of Titan, when normalized to remove limb darkening, reveal an axially symmetric brightness pattern with 
significant north-south asymmetry. This interhemispheric contrast seems to be a response to seasonal solar heating 
variations resulting from Titan’s inclined spin axis. The contrast significantly lags the solar forcing, indicating that its 
production involves the atmosphere well below the unit optical depth level. The contrast has a significant effect on Titan’s 
disk-integrated brightness as seen from Earth, and probably accounts for most of the observed long term variation, with solar 








UV variations accounting for the remainder. 








EARTH-based observations'* show that between 1972 and 
1976 Titan's disk-integrated brightness increased by ~9% in 
the blue (b) and ~5.5% in the yellow (y) to a maximum during 
1976-77, and decreased through 1978. This variation and a 
similar but smaller variation in Neptune’s brightness can be 
correlated with the solar cycle”’, suggesting solar variability as 
the common cause. As photochemical reactions are thought to 
produce the submicrometre aerosols in both atmospheres, we 
expect the variation in solar UV output during the solar cycle*” 
to affect the amount or physical properties of the aerosols. 
Pollack et al.f showed that Titan's brightness changes during 
1972-76 could be produced by changes in mean particle size, 
visible absorption coefficient, or optical depth, and that the 
fractional decrease in the particle production rate required to 
explain the increase in albedo was roughly consistent with the 
estimated fractional change in solar UV output. 

A new mechanism for explaining at least part of the Earth 
based photometry of Titan is suggested by the Voyager 1 


observations of November 1980 that showed Titan to be 
shrouded in an apparently unbroken cloud cover with several 
large-scale zonal features and a surprising north-south asym- 
metry in brightness’, As Titan's spin axis is inclined 27° to the 
ecliptic (assuming Titan is tidally locked to Saturn), the angle 
between Titan’s axis and the line of sight to the Earth varies 
during Saturn’s (and Titan's) 29.5-yr orbit around the Sun. The 
apparent tipping motion, combined with the brightness asym- 
metry could result in a long-term periodic variation of Titan’s 
disk-integrated brightness. If the brightness asymmetry also 
varies in response to seasonal changes in solar heating of the 
deepest layers of the atmosphere’, then the contrast would 
follow the seasonal heating asymmetry with a phase shift of 
nearly a full season and would reach an extreme value near 
Titan’s equinoxes (near the time of the Voyager 1 encounter). 
Using a highly simplified model to combine the effects of the 
suggested seasonal changes in contrast and the time-dependent 
viewing conditions, the predicted brightness variation is found 
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Fig.1 Voyager 1 intensity measurements in violet, blue, and green filters, 
along Titan's 150°E meridian. Lines drawn for each colour show the 
Minnaert fits to intensities between 31° and 52°S. Intensities (in digital 
counts) have been corrected for dark noise but not converted to absolute 
units. The error bars labelled by latitude show the effects of an intensity 
uncertainty of + 0.5 count and an uncertainty in and xo corresponding to a 
+1 pixel error in the image location of Titan’s centre. The identification of 
image line and element coordinates with Titan latitude and longitude, image 
navigation, is based on predicted spacecraft location and attitude informa- 
tion supplemented by a precise determination of camera pointing derived 
from the location of Titan's centre within the image. 


to be in phase with the Earth-based photometry and within a 
factor of 2 of the observed magnitude change’. 

The essential differences between the solar cycle and seasonal 
components are the driving forces and the response times. The 
former is driven by the changing UV output of the Sun, and 
brightness changes in the same direction would be expected at 
all latitudes at the same time, with a delay of the order of six 
months relative to the UV forcing function®. The seasonal 
component is driven by the tipping of Titan’s axis relative to the 
Sun, causing simultaneous brightness changes in different 
. directions in northern and southern hemispheres, with a time lag 
of nearly a full season (~7 yr). In both cases, the properties of 
the aerosol particles are probably modulated and in turn 
produce the observed brightness changes. 

We now use Voyager 1 and Pioneer 11 observations, with 
recent Earth-based photometry, to place firmer bounds on the 
phase shift of Titan’s contrast relative to the seasonal forcing. 
Describing the contrast in terms of a relative normal albedo, we 
calculate the time dependence of Titan’s disk-integrated 
brightness and find a significant seasonal contribution. Finally, 
we use the spectral and phase angle dependence to place con- 
straints on the mechanism which produces the contrast. 


Titan’s brightness contrast at the time of Voyager 1 

We selected nearly simultaneous Voyager narrow angle frames 
in violet (0.37-0.45 pm), blue (0.43-0.53 um), and green (0.52- 
0.60 um) filters (A. Collins, P. Kupferman and E. Danielson, 
personal communication), pictures 1305$1-003, 128951-003, 
and 1287S1-003 respectively. These were taken at 2.38 x 
10° km from Titan, at a phase angle of 29.6°, with a resolution of 
44 km per line pair at the subspacecraft point. The Voyager blue 
and green intensities roughly correspond to Lockwood’s 
measurements with the b filter (0.45~0.48 um) and y filter 
(0.54-0.56 um) respectively’. Relative intensities were ob- 
tained from raw digital counts by subtracting an empirically 
determined dark noise correction accurate to ~ +0.5 count. 


To define limb darkening characteristics each image was 
scanned along the 150° E meridian, using a 5x3 pixel area 
average stepped at ~3° intervals (Fig. 1). These scans pass 
between the subspacecraft point at 134°E and the subsolar 
point at 162° E, providing nearly maximal variation in scattering 
geometry and intensity. Figure 1 shows the dependence of 
intensity J (in digital counts) on y (cosine of the observer zenith 
angle) and to (cosine of the solar zenith angle) as Ju versus jito 
on logarithmic scales so that Minnaert scattering behaviour, for 
which _ 
Iu = Iolo)” (1) 
is a straight line with slope equal to the limb darkening exponent 
k, and intercept (at uuo = 1) equal to the maximum intensity Jo. 
Each scan follows two nearly linear traces with. similar slopes, 
moving along one line in the northern hemisphere and a second 
line, with an intercept ~25% greater, inthe southern hemis- 
phere. A transition occurs near the equator. Because roughly 
the same limb darkening slope applies over most of the latitude 
range for each colour, we can interpret brightness differences as 
differences in the intercept Io (proportional to the normal 
albedo). i 

We define a latitude dependent relative normal albedo (Fig. 2) 
as the ratio of the observed intensities to the intensities predic- 
ted from a Minnaert function fit to the 150° E scan data between 
31° and 52° S for each colour. The fitted slopes are 0.773, 0.887, 
and 0.942 for violet, blue, and green respectively, Four major 
cloud zones are apparent in Fig. 2: a north mid-latitude zone 
between about 10° and 55° N, a north polar zone between 55° 
and 90°N, a south mid-latitude zone between about 20° and 
60° S, and an equatorial transition zone between about 20° S and 
10° N. The large variations poleward of 60° S$ and 80° N cannot 
be interpreted as true variations in normal albedo as they occur 
where the determination of the viewing geometry is very sensi- 
tive to navigation errors (Fig. 1) and where the Minnaert 
function does not accurately describe Titan’s limb darkening. 
The normal albedo of the south mid-latitude zone is ~25% 
greater than that of the north mid-latitude zone, while the 
albedo of the north polar zone is ~7% smaller. The greatest 
normal albedo contrast between the south and north mid- 
latitude zones occurs in the blue, and the smallest in the green. 

The large-scale spatial structure of the normal albedo, as well 
as subtler cloud features are displayed as normalized images 
(Fig. 3) in which the intensity is proportional to relative normal 
albedo. The images clearly show the major cloud zones, and 
indicate a slightly brighter band at 45° N as identified by Smith et 
al.’, The features in the normalized images are primarily zonal 
(axially symmetric). The north polar zone is dark in all three 
colours, but darkest in violet. The bright band just south of this 
zone is most pronounced in the green and nearly invisible in the 
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Fig. 2 Relative normal albedo versus latitude along the 150° E meridian... 
For each colour the relative normal albedo is obtained by dividing observed 
intensities by predictions based on Minnaert fits to the intensities between 31° 
and 52°S. The increase of normal albedo north of. 70° N is not reali a: 
decrease similar to that near 70° $ is found when wand Hol polargone 
are corrected for the larger height of the clouds there. The se 
limb in the south is similar to that found near the limb at ot i B 
probably a failure of the Minnaert fit to describe the true limb darkening at 
large viewing anglés. 
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Fig. 3 Voyager 1 narrow angle images of Titan at 29.6° phase angle: 
unnormalized blue image (a) and normalized images in blue (b), violet (c), 
and green (d), In all the normalized images intensities are linear in relative 
normal albedo (see text) but stretched to enhance the visibility of the 
relatively small contrast range. A similar linear stretch has been applied to 
the unnormalized image (a). Its different appearance is primarily due to the 
presence of limb darkening. The latitude-longitude grid overlay has a 45° 
spacing. The equator intersects the 135° E meridian near the centre of the 
image (+, Titan's centre). The bright terminator in the normalized images 
probably results from the haze layer above the main cloud deck’, which 
could cause the observed intensities to fall off more slowly than the predicted 
intensities, yielding an apparent albedo increase, 
violet. Minor, but definite, longitudinal variations also occur. 
The north polar zone boundary, for example, is slightly inclined 
relative to latitude lines. The green image also shows an inclined 
bright feature within the polar zone which may be useful as a 
tracer of atmospheric motions. Those small departures from 
axial symmetry have an insignificant effect on Titan’s disk- 
integrated brightness and are ignored. 


Phase angle dependence 


We assume that the normal albedo contrast is the same at 0° 
phase angle (corresponding to Earth-based observing geometry) 
as it is at the 29.6° phase angle applicable to the Voyager 1 data 
shown in Figs 1-3. To test this assumption we analysed a 
Voyager 1 blue filter image taken at a phase angle of 9.3° 
{picture 1379S1-014), using the same procedures as in the 
analysis of the 29.6° phase angle images. No discernible change 
in mid-latitude contrast was found between these phase angles, 
The small size of the 9.3° phase angle image (30 picture elements 
across Titan’s diameter) precludes a definitive statement about 
polar region changes. 


Time dependence of Titan’s contrast 
The possible time dependence of Titan’s brightness contrast can 
be constrained by comparing the Voyager 1 and Pioneer 11 
observations (1.17 yr apart), We used a blue filtered image made 
by the Pioneer 11 imaging photopolarimeter (IPP} at a phase 
angle of 27° and at a surface resolution of ~170km at the 
subspacecraft point (M. G. Tomasko, personal communication). 
The spectral range of the IPP blue filter (0.39-0.50 um) covers 
both the blue and violet bands of the Voyager camera system. 
Because we see little spectral dependence of contrast in this 
spectral range, and as the albedo of Titan is higher in the blue 
than in the violet, we expect no significant spectral error in 
comparing the IPP image with the Voyager blue image. 

Using the same procedures as above, a central meridian scan 
of the IPP image was used to define the relative normal albedo as 
a function of latitude. The large quantization noise in the IPP 


data was reduced by averaging over two latitude belts in which 
the normal albedo seemed to be constant: 15°-35°S and 30°- 
60° N. We found a south/north normal albedo ratio of 1.264 
0.03 for the Pioneer measurements, compared with 1.25+0.01 
for Voyager. This result is consistent with either a fixed contrast 
or a slowly varying contrast near an extremum. We reject the 
former possibility because it implies brightness variations 
grossly inconsistent with the Earth-based photometry. The 
Pioneer 11/Voyager 1 comparison also suggests that the normal 
albedo boundary (the point at which the albedo is midway 
between the mid-latitude values) has moved from about 5° N to 
5° S, apparently opposite to the subsolar point. But this tentative 
result is not included in our seasonal model calculations, 

If the contrast slowly varies with a seasonal period (29.5 yr), 
then the direct observations by Voyager 1 and Pioneer 11 place 
a strong constraint on the phase shift between the solar forcing 
due to spin axis tipping and the contrast response. If both the 
forcing and the contrast response vary sinusoidally, the implied 
phase shift is ~84° + 20°, where —90° corresponds to a time delay 
of one season, and the implied maximum south/north ratio of 
normal albedos is 1.267553. The relatively large uncertainty in 
phase is due to the small time interval between Voyager and 
Pioneer and the large quantization noise in the Pioneer results. 
Present results are consistent with maximum contrast near the 
time of the Voyager 1 encounter and allow for a large enough 
phase lag (near 90°) to place the contrast-induced brightness 
variation in phase with the Earth-based photometry. 

If the normal albedo response to the solar irradiance level can 
be described by a single time constant, then the phase shift is 
determined by tan(@) = —27r7/ T, where @ is the phase shift, T is 
the orbital period of Saturn, and 7 is the time constant. As 
$ = —90° is not physically possible, the time constants consistent 
with the phase shifts allowed by the Pioneer 11/Voyager 1 
comparison fall in the range 9.6 yr<7 <0, with the central 
phase shift of 84° corresponding to a time constant of 44,7 yr. 
This range of time constants is not consistent with a direct 
interaction between solar irradiance and aerosol properties at 
the unit optical depth level (at a pressure of ~1 mbar), because 
the thermal radiative time constant at this level and the time to 
reach equilibrium particle properties’ are both <1 yr. Large 
time constants can be obtained, however, if deeper levels of the 
atmosphere are involved in the contrast producing mechanism. 
For the entire atmosphere down to the 1.6-bar level a time 
constant of 138 yr (ref. 7) 6 = ~88° is possible. A time constant 
of 9.6 yr only requires involvement down to the 100 mbar level. 


Predicted geometric albedo time dependence 


We now evaluate the time dependence of Titan’s disk- 
integrated brightness expected for two models consistent with 
the Pioneer 11/Voyager 1 comparison: fixed contrast and 
seasonal contrast with a large phase shift (—90° for this exam- 
ple). Because the Earth-based observations of Titan’s disk- 
integrated brightness'* have been adjusted to fixed heliocentric 
distance and zero phase angle (180° scattering angle), they are 
proportional to Titan’s geometric albedo (the ratio of disk- 
integrated brightness to that of a flat perfect Lambertian 
reflector of the same diameter). We calculate the relative 
geometric albedo p(t) by. integrating over the illuminated 
hemisphere: 


E amf f a(0, Dluolð, Ot), 6)P* sin(@) dod (2) 


where a(0, t) is the relative normal albedo at co-latitude @ and 
time ¢, @, is the co-latitude of the subsolar (and subEarth) point, 
and œ is the longitude relative to the subsolar longitude. The 
time dependence of the subsolar point latitude on Titan is 
obtained by assuming Titan’s spin axis is parallel to Saturn’s. We 
approximate the latitude deperidence of the normal albedo 
using a 16-zone step function with boundaries spaced ~10° in 
latitude. Average relative albedo values for each zone are 
calculated for each colour from the results shown in Fig. 2. 
Because of the navigational and Minnaert fit uncertainties we 
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1.04 
Fig. 4 a, Relative time variation of Titan's blue 
geometric albedo according to fixed contrast (heavy 
solid line) and seasonal contrast (heavy dashed line) 
models. Relative time variations derived from Lock- 
wood’s Earth-based photometry are shown for two 
different estimates of the mean brightness, each based 
on fitting an offset sine function of fixed period to the 
observations. One case uses the 11-yr solar cycle period; 
the second uses the current 13.8-yr period of the pre- . 
dicted seasonal brightness variation (the ellipticity of 
Saturn’s orbit causes a deviation from the mean 14.7-yr 
period). Both fits (light lines) are good: r.m.s. deviations 
from the fitted curves are only about 1.5 times the 
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assume the same albedo south of 60° S as between 52.5° S and 
60° S, and ignore variations north of 85° N in finding a mean 
between 70° and 90° N. This normal albedo distribution is valid 
for 1980.9, the time of the Voyager 1 encounter. The fixed 
contrast model assumes the same distribution at all times. We 
describe possible. seasonal variations in normal albedo in a 
simple model assuming (1) the normal albedo distribution for 
1980.2 (the time of the last equinox) was the same as observed 
by Voyager for 1980.9, (2) the distribution for 1966.4 (time of 
the previous equinox) was as for 1980.2 except for a north~south 
reversal, and (3) at each latitude the normal albedo varied 
sinusoidally between the 1966.4 and 1980.2 extremes. 

For fixed albedo contrast we find peak-to-peak modulation 
amplitudes of ~10.5% for violet and blue geometric albedos, 
and 8.2% for the green. For seasonally-varying contrast the 
corresponding values are 5.6% and 4,2% respectively. Figure 
4a illustrates the time dependence of the geometric albedo 
based on the normal albedo models for the blue intensities. For 
fixed albedo contrast, p(t) varies in phase with the subsolar 
motion, reaching extreme values at the solstices. For the 
seasonal contrast model, p(t) attains its mean value at every 
equinox, when both hemispheres are equally illuminated and 
viewed, and at every solstice, when the interhemispheric normal 
albedo contrast is absent. In this case the extreme values occur 
midway between solstice and equinox. The shaded drawings 
(Fig. 4a) provide a simplified illustration of Titan’s time 
dependent appearance according to these two contrast models. 


Comparison with Earth-based photometry of Titan 


The Lockwood measurements of Titan’s b magnitude are plot- 
ted in Fig. 4a as relative brightnesses (brightness/ time-averaged 
brightness). The most recent observations should be considered 
preliminary (G. W. Lockwood, personal communication). 

The brightness variation calculated assuming a fixed normal 
albedo distribution is completely at odds with the Earth-based 
photometry. The predicted brightness is at a maximum in 1973 
and beginning to decline, while the measurements are near the 
estimated mean value and rapidly increasing. This implies that 
the mean normal albedo of Titan’s clouds and the relative 
albedo distribution with latitude cannot both be time-indepen- 


TIME (CALENDAR YEAR - 1900) 


dent. If the relative spatial distribution of normal albedo were 
fixed, then the disk-averaged mean value would have to vary 
dramatically to compensate as in Fig. 4b, which shows the ratio 
of Lockwood's blue observations to the predictions. As the ratio 
(for fixed contrast) changes most dramatically before 1976 when 
solar indicators (such as sunspot number, Fig. 4b) are changing 
relatively slowly, the possibility of fixed contrast and a large 
compensation by the solar UV mechanism seems highly un- 
likely. 

If the relative latitudinal variation of normal albedo has the 
seasonal model time dependence, the predicted geometric 
albedo variation has roughly the same modulation period and 
phase as the Earth-based measuremerts. The assumed seasonal 
phase lag of 90° provides nearly optimal agreement with the 
Earth-based b brightness variation (Fig. 4a), although the 
optimal phase lag for fitting both b and y brightness curves is 
82°+7°, where the uncertainty is based on the difference 
between best fit values for the twe colours. The predicted 
peak-to-peak modulation amplitude based on the green 
contrast measurements is ~50-70% of the observed y bright- 
ness modulation, while the predicted blue variation is about 
50-60% of the observed b brightness modulation, where the 
amplitude uncertainties are due to the uncertainties in Titan’s 
mean brightness. For agreement with the Earth-based pho- 
tometry the mean normal albedo can be modulated by only 
~5% in blue and only 2.5% in the green (or y filter). This 
implied variation in disk-averaged mean normal albedo (Fig 42) 
is roughly in phase with that expected from the solar cycle 
modulations of UV output (Fig. 4b), although the magnitude of 
the solar cycle effect in the present case would be only about half 
the amount suggested before Titan’s brightness contrast had 
been discovered. 


Implications of Neptune’s brightness variation 


The seasonal contribution to Titan’s brightness variation could 
be significantly different from the above estimate if the boun- 
dary between high and low albedo also exhibited seasonal 
variation: it would be greater if the boundary moved opposite to 
the subsolar point motion (as suggested by Pioneer 11 
measurements) and smaller if it moved in the same direction. 
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Thus dominance by either solar cycle or seasonal contributions 
remains possible. Earth-based photometry of Neptune is helpful 
in evaluating this possibility. 

As Neptune’s orbital period of 164.8 yr seems to preclude any 
significant seasonal changes during the 1972-80 period of the 
Earth-based photometry, we might expect its brightness curve 
to be dominated by the solar UV mechanism. The asymmetric 
form of Neptune’s brightness variation supports this expec- 
tation: after relatively smooth increases between 1972 and 
1976.5, at an average rate of 0.54% yr™' in the blue and 
0.68% yr™' in the yellow, the brightness curves for both colours 
dropped by more than 2% in the yellow and almost 3% in the 
blue within the next year, with relatively little additional change 
from 1978 to 1980 (ref. 2 and G. Lockwood, personal com- 
munication). Thus Neptune’s brightness curves are relatively 
well correlated with the asymmetric variation of the indicators of 
solar activity (Fig. 4b). 

If the shape of Neptune’s brightness curve represents the 
relative time dependence of the solar cycle contribution to 
Titan’s brightness, then the sokar cycle mechanism cannot be 
dominating Titan's variation. The very symmetric form of 
Titan’s brightness curve is instead consistent with dominance by 
the seasonal mechanism. However, between 1972 and 1976 
Titan’s b magnitude increased ~70% faster than the y magni- 
tude, while between 1976 and 1980 they both changed at about 
the same rate. We interpret this spectral difference as evidence 
for a non-seasonal component. From the amplitude of 
Neptune’s brightness variation we infer that the solar cycle 
component in Titan’s brightness curve would contribute ~30% 
of the total variation. Although one might expect a larger effect 
because Titan's haze layer is optically thick, while Neptune’s is 
thought to be optically thin, a contribution much greater than 
30% should produce a noticeable asymmetry in Titan’s bright- 
ness curve. Thus a simple seasonal component probably 
accounts for more than half of Titan’s secular variation, with the 
remainder being provided by the solar cycle mechanism. 


Constraints on the contrast mechanism 


As most photons reflected to space by Titan interact with the 
atmospheric aerosols, the hemispheric brightness asymmetry is 
almost certainly due to variations in their properties. The phase 
angle dependence of the brightness asymmetry gives an indica- 
tion as to which property of the aerosols has a dominant role. 
Theoretical simulations with the aerosol parameters of Rages 
and Pollack’ indicate that the contrast declines considerably and 
even disappears as the phase angle decreases from 30° to 10° for 
a model involving variations in mean particle size, whereas little 
contrast alteration is expected over the same range of phase 
angles for models involving variations in aerosol absorption 
coefficient or optical depth. Thus the latter models seem to be in 
better agreement with the observed lack of significant contrast 
variation with phase angle. 

The spectral dependence of the contrast also suggests that it is 
a reflection of differences in the sub-micrometre aerosol pro- 
perties rather than differences in albedo of an underlying 
methane cloud layer. If the contrast was due to an albedo 
difference deep in the atmosphere it would be attenuated by 
aerosols in the upper atmosphere. However, to explain the 
spectral variation of Titan’s geometric albedo the visible 
absorption coefficient of these particles must increase 
significantly with decreasing wavelength’. As their inferred 
optical depth is higher at shorter wavelengths their attenuation 
of the north-south contrast of an underlying cloud layer should 
result in significantly more contrast at long rather than short 
wavelengths. As this is opposite to the observed spectral vari- 
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ations, the contrast is more likely to be present in the properties 
of the sub-micrometre particles in the upper atmosphere, 

The large phase shift of the contrast relative to the seasonal 
forcing functions shows that the contrast-producing mechanism 
cannot be a direct interaction between the solar irradiance and 
the atmosphere at the unit optical depth level. A significant 
depth of Titan’s atmosphere must be involved to produce the 
time delayed response. As a relatively small north-south ther- 
mal contrast is expected at levels corresponding to large radia- 
tive time constants, a direct thermal effect on the composition or 
optical depth of the aerosol particles seems unlikely. The 
observed vertical stability of Titan’s temperature profile’ also 
argues against an interhemispheric difference in small-scale 
vertical convection as a modifying influence. This suggests that 
large-scale circulation asymmetries may be responsible. Possi- 
bly differences in meridional circulations, driven by an inter- 
hemispheric seasonal thermal contrast, are affecting the aerosol 
properties by changing the mix of trace gases available at the 
formation level, or by modifying their rates of removal from the 
formation region. 


Summary and conclusions 


Titan’s normal albedo distribution is primarily axially symmetric 
with a substantial north-south contrast. As the contrast is 
essentially independent of phase angle it is likely to result from 
differences in the composition or optical depth of Titan’s layer of 
sub-micrometre aerosols rather than differences in size dis- 
tribution. The spectral variation of the contrast suggests that it is 
not caused by differences in the albedo of an underlying 
methane cloud. The contrast seems to vary with time in response 
to seasonal variations in solar irradiance and lags the seasonal 
forcing by a large phase angle, indicating that it originates 
probably well below the unit optical depth level. It seems to be 
produced indirectly, perhaps by circulation currents driven by 
thermal contrast at lower levels which affect the rate of removal 
or composition of the aerosol particles at the unit optical depth 
level. The contrast has a significant effect on Titan’s disk- 
integrated brightness, and is probably responsible for most of 
the observed long term variation, with solar cycle effects 
accounting for the remainder. 

There are still many uncertainties regarding the nature and 
origin of the contrast. A longer record of observations, both of 
the contrast and the disk-integrated brightness would yield a 
significant improvement in understanding. The nature of the 
contrast variation should be better defined by Voyager 2 obser- 
vations in August 1981, and by the Space Telescope in the 
mid-1980s. If the simple seasonal model is correct we would 
expect the contrast to decrease to zero by the end of 1987. 

Continued Earth-based photometry of both Titan and 
Neptune is also essential to resolve the remaining uncertainties. 
Between 1972 and 1978 the solar cycle component and the 
seasonal component have been approximately in phase, and 
neither has yet experienced a full cycle of variation, making their 
separate contributions difficult to distinguish from the bright- 
ness curves alone. The two components will become readily 
separated with another 5-10 years of observations as they grow 
increasingly out of phase, moving in opposite directions between 
1981 and 1984. 
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Certain radial brightness variations in the outer Cassini division of Saturn’ ’s rings may be spiral density waves 
driven by Saturn’s large moon Iapetus, in which case a value of ~16 g cem™” for the surface density i is calculated 


in the region where the waves are seen. The kinematic viscosity in the same region is ~170 cm? s~ 
vertical seal height of the ring is estimated to be a maximum of ~40 m. 














_ observations of Saturn’s rings’ have 
spectrum ‘of radial structure, indicating a 
variety of dyna processes in the ring disk. Here we focus 
on one example of radial-structure and explore its possible 
origin. A sequence of smoothly undulating brightness fluctua- 
tions is observed in the outer Cassini division within a band 
located between ~120,700 and 121,900 km from the centre of 
Saturn. The observed behaviour of these variations agrees with 
the expected: behaviour. of spiral density waves driven by a 
resonance between the apsidal motion of local ring particles and 
the mean motion pi Saturn's outermost large satellite, Iapetus. 


VOYAGER: ‘ima 
revealed a. wide 





The existence of spiral density waves driven at Lindblad 
resonances. wit turn’s major moons and propagating radially 
in Saturn’s ri k was suggested by Goldreich and Tremaine’ 
as a means of transferring angular momentum over large radial 
distances within the disk and thereby clearing wide gaps. Similar 
density waves have been proposed to underlie the spiral struc- 
ture of disk galaxies’. The earlier work was extended by 
Goldreich and Tremaine** to the density waves that can be 
driven in thin disks by external and internal satellites. 

Consider an axisymmetric disk of ring particles orbiting 
Saturn where centrifugal equilibrium at a radius r requires 
circular motion at angular speed O(r). If the particles possess 
small random motions in the plane of the disk (small eccen- 
tricities), Lindblad’s theory of orbits® allows us to think of the 
particles as gyrating at epicyclic frequency x(r) about the 
guiding centre of the reference circular orbit of the same specific 
angular momentum r*(r). Then 






Ka ro a) 
dr 
with « * being equal to Q’ if the latter satisfies Kepler’s third law: 
NQ ar, For Saturn’s rings, «? is slightly less than Q? because of 
the oblateness of Saturn. The small departure of x? from Q? is 
crucial to the nature of the resonant driving of the observable 
spiral density waves. 

Suppose a moon of mass M orbits Saturn outside the rings ata 
mean angular speed Qm. Its perturbing force on the ring parti- 
cles can be Fourier decomposed in time t and azimuthal angle 8 
(ref. 2). The mth Fourier component, having dependence pro- 
portional to exp[im(OQyt ~ @)] with m being a positive integer, 
will resonate with ring particle motions at a radius r, where 


Qn) — «(7)/m = Nm. (2) 


Following the nomenclature used in galactic dynamics, we call 
the value r, which satisfies equation (2) the mth inner Lindblad 
resonance of the moon M. 

Ring particles slightly inside and outside 7, are induced to 
travel in eccentric orbits with longitude of periapse differing by 
r/m, leading to overlapping of their orbits. For m > 1, collisions 
would then depopulate the overlapping orbits and clear natural 
gaps about the stronger resonances with fractional widths 
Ar/r, ~(M/Ms)'’?, where Mg is the mass of Saturn. Applied to 
Mimas’s 2:1 resonance (the m = 2 inner Lindblad resonance), 
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the above formula fails by more than two orders of magnitude to 
explain the observed width of the Cassini division. 

To account for this discrepancy and to explain why Mimas’ s 
2:1 resonance occurs near the inner edge of Cassini's division, 
Goldreich and Tremaine? invoked the self-gravity of the ring 
material. Consider free spiral density waves, of arbitrary wave 
frequency w and azimuthal symmetry m, in a flat disk of 
particles which collectively behave as a fluid. Independent of 
their source, these waves satisfy the dispersion relation’: 

lw ~ mF = «?-2rGolk|+c7k? {3) 
where o is the surface mass density, c is the one-dimensional 
velocity dispersion, and k is the radial wavenumber in a WKBJ 
analysis, Equation (3) states that the allowed square of the 
Doppler-shifted wave frequency equals the square of the natural 
frequency (the epicyclic frequency) apart from modifications 
required by self-gravity and acoustic effects. 

From equation (3), it is easy to show that stability to axisym- 
metric (m = 0) disturbances of all wavenumbers requires the 
fluid analogue of Toomre’s criterion®: 


21 (4) 





ree 
When Q = 1, equation (3) predicts that the disk can support two 
types of free density waves with 


ikl = me 





Djk PA (5) 


where the upper sign KaT to short waves and the lower 
to long waves, and where the departure of 


D=#xK*-(o~mny* (6) 


from zero measures how far we are from exact Lindblad 
resonance. The value of r where 
w- mr) = ~K(r) (7) 

is called the inner Lindblad resonance of the wave of radian 
frequency w and azimuthal mode number m. For a wave driven 
by an external moon of pattern speed w/m = flu, the radial 
position corresponding to equation (7) is r=, (equation (2)), 

The waves of interest here are the long waves. Near the inner 
Lindblad resonance of the wave, O"D/«’« 1, and the dis- 
persion relation for long waves becomes independent of c (see, 
for example, equation (3) for small |k(): 

D 
lic = 

ikl 2nGo 8) 
Equation (8) predicts that these waves formally become 
infinitely long at the waves’ inner Lindblad resonance where 
D=0. Because the characteristic wavelength far from 
resonance, 4r’ Go/k°(=4rH/Q where H =c/0, is the scale 
height of the disk), amounts only to ~10° m in Saturn’s rings, it 
is the reduction of the wavenumber jk] by the factor Dk? 
that allows the waves at inner Lindblad resonance to be coupled 
to the Slow spatial variation of the forcing by the external 
moon”. The long waves—in particular the m= 1 long waves— 
have the added observational advantage that they can be 
resolved by Voyager 1. 
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Fig.1 A mosaic of the Cassini division of Saturn's rings, obtained from Voyager 1 observations with resolution of ~ 10 km per line pair (see Table 1). The region is 
seen from the unlit face, The prominent bright band in left centre contains a sequence of features of alternating brightness which are plotted in Fig. 2. 


To understand why the m=1 inner Lindblad resonances 
(where the rate of apse precession of the ring particles is equal to 
the mean motion of the moon) are of special interest, we 
determine the radial range over which the waves remain 
significantly longer than the characteristic wavelength of 10? m. 
Because D = 0 atr =r, for driven waves, a Taylor series expan- 
sion of D about r =r, for driven waves yields 


D = Px (9) 


2=(,$) = (21$ («-m0)) (10) 
dr A dr ; 

and x =(r-r,)/nr. is the fractional distance from Lindblad 
resonance, Equation (8) now implies that the radial spacing, or 
wavelength A = 2a/|k|, between successive wave crests should 
be inversely proportional to the nondimensional distance x from 
the resonance: 


where 


of 


À De (11) 
with the proportionality constant being larger for smaller values 
of the parameter @. But in Saturn’s rings, « nearly equals O, so 
equation (10) now implies that the most readily resolved density 
waves correspond to m= 1. Of the larger exterior moons, the 
only ones whose m = 1 inner Lindblad resonance lies within the 
ring system are lapetus, Hyperion, and Titan. 

In the m =1 case, to calculate @ (but not to locate the 
resonance), it is sufficiently accurate to take 


GM RsV PAN 
k-mQ=-J( a 5) (=) (12) 
where J=0.0244 and Rg=60,330km are, respectively, 
Saturn’s dynamical oblateness and equatorial radius. This yields 
for equation (10): 





P = 7IOURs/nyY (13) 
Let us consider the amplitude distribution of the propagating 
waves whose source is m = 1 resonant driving at r =r, by an 
external moon. Free long waves that propagate conserving the 


angular momentum luminosity F given them by a source can be 
shown*® to increase their fractional amplitude linearly with 
dimensionless distance x from the inner Lindblad resonance, 
|\Ao/o| = x/xn_, Where xw, is the characteristic scale for waves to 
become nonlinear: 


Day? rrer A sj 
x= (FZ) (Go) as) 
For weak forcing, as occurs with Iapetus on Hyperion, xy, œ 1, 
and nonlinear effects (for example, shocks") are not important 
for realistic values of x. In the presence of particle collisions, 
however, small-amplitude density waves will suffer a viscous 
damping factor? 


r* TT Kp’? 
exp} -| kr dx] where k =] x’ 
P| | = 3LQnGo))” 
if the bulk viscosity is much less than the kinematic shear 
viscosity v. Taking into account both amplitude variation 
factors, we obtain the wave amplitude profile near the position 
of the inner Lindblad resonance: 


ied) all a9 


WIS ArGe Í 
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is the characteristic dimensionless damping length. 

If spiral density waves are observed in Saturn’s rings, a 
measurement of their wavelength yields, through equation (11), 
a determination of the surface mass density 7; a measurement of 
the fractional amplitude variation then yields, through equa- 
tions (16) and (17), a determination of the kinematic viscosity v. 
Under certain assumptions, we can relate the kinematic viscosity 
v to ring optical depth r and velocity dispersion c. The vital 
parameters o and v are difficult to obtain empirically by other 
methods. 


Q 


where 
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Table 1 Observational parameters of Cassini bright band 





Image FDS counts used 34934.25, 34934.29 
Resolution 10 km per line pair 
Ring tilt angle to line of sight 74° 

Normal optical depth 0.14 +0.02 


Fit to wavelength: A(x) = A,/(x~x,) A, =0.45 +0.07 km 


x, = ~0.0001 + 0.0012 
A, =1.69+0,2 


x, = 0.011540.001 

1.3 (using M/M,= 4x 107%) 
1643 gem”? 

170480 cm? s~ 


Ac 
Fit to amplitude — = Ax e772" 
gr 


Theoretical amplitude A, = (xw) 
Derived o 
Derived v 





Observations and derived ring properties 

During the Voyager 1 encounter with Saturn’, several obser- 
vations of the Cassini division region were obtained with spatial 
resolution of ~10:km per line pair (see Table 1). As viewed from 
the unlit face, an optically thin region of ~4,800 km width is 
observed between the classical A and B rings; we refer to this 
entire region as the Cassini division (see also ref. (11)). In the 
outer part of the Cassini division, at a distance from Saturn’s 
centre of ~120,700~121,900 km (+700 km) is a noticeably 
brighter band filled with regular, low contrast, radial brightness 
variations having spacings that decrease outward (see Fig. 1). 
Independent of the high resolution observations shown in Fig. 1, 
the band was observed against the bright limb of Saturn and the 
average normal optical depth of the band was determined as 
discussed by Smith et al.’ (see Table 1). The band appears 
brighter in diffuse transmission than nearby regions in the inner 
Cassini division because the band’s optical depth is a factor of 
~1.4 larger than the plateau structures in the inner Cassini 
division. 

To obtain useful results from the very noisy data evident in 
Fig. 1, an azimuthal averaging technique was employed, in 
which data were averaged along loci of constant distance from 
the centre of Saturn. This method employs numerical fitting of 
ellipses to observed ring features at the boundaries of the region. 
To first order, geometrical distortion in the camera and due to 
the finite separation between the spacecraft and the planet is 
thereby removed. Typical azimuthally-averaged results, which 

. incorporate most of the data contained in the frame, are shown 
in Fig. 2. The vertical brightness scale has been calibrated to 
reflectivity DN = I/F, in units of 107*, where J is the observed 
intensity and 7F is the incident solar flux. The noise level of the 
result may be estimated from inspection of the darkest area, 
which is essentially empty. In particular, the mildly undulating 
variations located between 120,700 and 121,900 km from the 
centre of Saturn are real. 
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Fig.2 Photometric scan across part of the data shown in Fig, 1. Averaging is done 
along lines of constant distance from Saturn, and the tracing includes most of the 
information contained in Fig. 1. The noise level is shown in the dark (empty) gap 
near 119,800 km. Radial distances shown are only accurate in an absolute sense to 
+700 km or so, but relative distances are much more precisely known. 
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Fig. 3 Wavelength, or peak-peak/trough~trough separation, of the wave fea- 

tures of Figs 1 and 2 as a function of mean distance front the inner half-power point 

of the bright band. The best-fit curve of the form of equation (11) is shown bythe 

dashed curve. The inverse variation of wavelength with distance is characteristic of 
long density waves near Lindblad resonance. 

The horizontal distance scale in Fig. 2 is obtained from final 
spacecraft trajectory data and contains residual uncertainties of 
+700km for this observation. This uncertainty is large 
compared with the uncertainty <100 km to which the theoreti- 
cal radial location of a given gravitational resonance may be 
calculated. However, relative distances are quite accurately 
represented in Fig. 2, and therefore, resonances can be located 
relative to one another once one of them has been identified. 

We have calculated the predicted locations and strengths of 
the strongest resonances in this region of the rings following the 
approach of Goldreich and Tremaine’. The strongest resonance 
is the m = 2 inner Lindblad resonance with Mimas. An m = 1 
Lindblad resonance with Iapetus lies at 2.008 Rg, but is several 
orders of magnitude weaker in torque. If we associate the Mimas 
2: 1 resonance with the inner edge of the Cassini division (which 
might entail a slight error’’), relative separations locate the 
Iapetus resonance at 1004150 km outward of the inner half- 
power point of the brightest band in Fig. 2. Because the undula- 
tions in brightness start near this location a more detailed 
investigation of the hypothesis that these undulations represent 
a radial slice through a tightly-wrapped spiral density-wave 
pattern whose source is the Iapetus resonance is necessary. 

We have analysed the azimuthally averaged data obtained 
from two independent frames for the wavelength and amplitude 
behaviour of the wave pattern. For the low optical depths 
characterizing the region, we equate fractional brightness vari- 
ations with fractional surface density variations. The fractional 
separations x =(r~ro)/r of the centroids of the peaks and 
troughs from an arbitrary radial location ro (the inner half-power 
point of the bright band) were measured. The peak-to-peak as 
well as trough-to-trough wavelengths were then plotted as 
functions of the distance from this arbitrary reference point. The 
results are shown in Fig. 3 with a best fit to the data of the form of 
equation (11): A 

i 


i XTX 
where A, and x; were varied to minimize. residuals. The 
resulting zero point offset x, = ~0.0001 £0,001 2 implies that the 
source of the observed wave pattern is indistinguishable from: 
the inner half-power point of the bright band. This is slightly 
inward of the theoretical location deduced on the basis of 
identifying the inner edge of the Cassini division with Mimas’s 


(18) 
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Fig. 4 Wave amplitude data (1/2 of peak—trough contrast) are plotted for the 

wave features of Figs 1 and 2 as a function of distance from the inner edge of the 

bright band, These data have been fit to a fanction of the form of equation (16), and 

the best-fit curve is shown by the dashed line. In the absence of damping, the 

amplitude would continue to increase linearly throughout the region instead of 
leveling off and then declining. 


m = 2 inner Lindblad resonance, but the displacement is within 
the allowed uncertainties. 

Comparing equations (11) and (18), we see that deter- 
mination of A, allows us to calculate the local mass surface 
density o. Our best-fit result yields o = 16+ 3 g cm’. This is the 
most secure determination of a local ring property from our 
analysis and constitutes, to our knowledge, the only direct 
estimate for the ring mass density, The normal optical depth 7 
and surface mass density are related by 


7= Ko (19) 


where K is the opacity, or meaa cross-sectional area per unit 
mass of ring particles of density p: 


Koja HRDIR AR di 
| n(R, el4rR?/3)dR 
with n(R, r) representing the local distribution of particle radii 
R. Independent measurements of 7 and o yield a constraint on 
the ratio of integrals, K. Our analysis gives K =rt/o = 
(9+2)x 107 cm? g” for the region of interest. 

For comparison, for identical particles of radius Ro: n(R, r)x 
(R — Ro), K =3/4pRo whereas, for a power-law distribution: 
n(R,r)oc R~™ from R, to Ra, as bas been deduced from ground- 
based studies”, K =(3/(4p(R,-R,))]In(R2/R,). Voyager 
radio science results’? for the region of our analysis indicate an 
effective particle radius Rea ~ 8-10 m. If this corresponded to 
identical particles of radius Ra ~ Res and p ~ 1 gem”, it would 
imply K~9x107*cm’g™'. In contrast, the power-law dis- 
tribution, with R; ~ 1 cm (ref. 12) and Ra~ Ren (ref. 13) would 
predict K ~6 x 10°? cm’ g`', in much better agreement with our 
determination. Our analysis therefore supports a power-law 
distribution with an exponent of ~3, although the precise value 
of the exponent depends on our choice for R, and Ra. In 
particular, a steeper spectrum would allow a larger value of Ro, 
possibly including many thousands of kilometre-sized bodies 
within the ring system”. 

We now investigate whether the observed amplitude profile of 
the wave is consistent with the behaviour predicted by equation 
(16). There are two separate parameters, Yni and xp, to be 
considered. First, the best-fit value for x), using equation (16) 
or the data of Fig. 2 may be compared with the expected value 
obtained from equation (15) usiag a theoretical calculation for 
the strength F of the Iapetus apsidal resonance and the obser- 
vational determination of o given above. Second, the best-fit for 
Xp using equation (16) may be used to obtain an estimate for the 
kinematic viscosity v from equation (17). 

The data for fractional wave araplitudes from our two pictures 
are shown in Fig. 4 with the minimum-residual fit for a 





functional form given by equation (16). Although the data 
exhibit considerable scatter the waveform for density waves 
damped by viscosity does provide an acceptable fit to the 
observations. Moreover, the derived value of xx, is within a 
factor of 1.3 of the theoretically expected value for wave excita- 
tion and propagation in a region of constant e (see Table 1). This 
slight discrepancy may be accounted for by uncertainties in 
Iapetus’ mass or by noting that the resonant source probably lies 
in a region of larger surface mass density than the region of wave 
propagation. Within these uncertainties, lapetus apsidal 
resonance appears to contain sufficient torque to account for the 
observed wave amplitude. 

We proceed to estimate the value of v from our best fit for the 
damping length xp. Using equation (16) and our value of g, we 
obtain v ~ 170 cm’ s™' (see Table 1). Although this value is less 
precise than our value for o, the presence of appreciable 
viscosity is unquestionable given the clear departure seen in the 
data of Fig. 4 from an undamped linear increase of fractional 
wave amplitude with radial distance from the resonance. 

As the waves suffer damping, the negative angular momen- 
tum they carry is absorbed by the ring particles, causing the 
latter to drift inward towards the inner Lindblad resonance. But 
this process itself does not seem to explain why the region 
containing the waves is a region of lower optical depth than its 
surroundings, as the total angular momentum transfer induced 
by Iapetus over the entire age of the Solar System fails by two 
orders of magnitude to produce the required mass removal. We 
believe the question of the low optical depth of the outer part of 
the Cassini division to be related to that of the origin and 
maintenance of the low optical depth of the entire Cassini 
division". 

Under certain assumptions, the derived value of » may be 
used to obtain the particle velocity dispersion ¢ and thus the 
local vertical scale height H = c/Q. For instance, for particles of 
a single size, Goldreich and Tremaine’? have derived a form for 
v which can be approximated by 


riers) 

E 20 \1+7? 

This expression neglects gravitational focusing and scattering'®, 
and is valid only if the distribution of ring particles contains few 
bodies with radii much in excess of 10 m. (The free fall speed 
onto a 10-m particle is comparable with the value of ¢ we derive 
below using equation (21).) As equation (21) ignores contribu- 
tions to the viscosity other than physical collisions, our deter- 
mination of c based on v yields only an upper limit. If we adopt 
equation (21) and set y~170cm’s"! and r~ 0.14, we obtain 
c =0.6 cm s™', corresponding to a ring scale height H = ¢/N< 
40 m. From the values for a and c, we obtain Q < 30 for the 
stability index, equation (4). The upper limit Q = 30 is still small 
enough to justify our use of the approximation QO? D/K? = 
Q’@x/x’ « 1 to derive equation (8) for the region in question. 


(21) 


Discussion 
The above results have several general implications. Jf » has 
everywhere the same value, 170 cms"', as it does in the outer 
part of Cassini’s division, the unconstrained spreading time 
Ar’ /y of Saturn’s rings as a whole would be comparable with the 
age of the Solar System. Smaller features would, of course. be 
much more difficult to maintain for the age of the Solar System. 
Indeed, unless the coefficient in the r-r relation decreases 
rapidly with increasing optical depth (see equation (21)), v is 
likely to be several times larger in the B and A rings than in the 
low optical depth region studied here. The persistence of even 
these gross features over the age of the Solar System would be 
called into question without another confinement mechanism. 
In contrast to constant v or c, a value for Q near its upper limit 
30 everywhere would imply that the collective effects of the 
self-gravity of the rings are generally unimportant except very 
near a resonance. In the case of the m = 1 waves, the waves are 
extremely close in frequency space to exact Lindblad resonance. 
In general, however, density waves become evanescent beyond 
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the distance from their source where equation (5) produces 
complex wavenumbers. This location, known in galactic 
dynamics as a ‘Q barrier’’’, occurs in close spatial proximity to 
the source for all m #1 in Saturn’s rings unless Q is close to 
unity. For example, for density waves originating at the Mimas 
m=2 inner Lindblad resonance to propagate across even a 
continuously filled region as wide as Cassini's division, Q must 
be <3. If Cassini’s division was cleared by such density waves"*, 
Q and therefore c have to be so small that the primary contribu- 
tion to the viscosity comes from gravitational scatterings by 
massive ring particles. In any case, our measured value of y does 
require some means of maintaining the present Cassini division 
at a low surface density against radial diffusion by the B and A 
rings in a time Ar?/p» <4 10 yr, 

The Titan.apsidal resonance at a theoretical radial location of 
1.288 Rg is also orders of magnitude stronger in torque than the 
Iapetus apsidal resonance, but unlike the Mimas m =2 
resonance, the Titan m=1 Lindblad resonance is free of 
difficulties with Q barriers, and the waves it excites should be 
resolvable. Yet we see no evidence, in high resolution studies, of 
density waves near 1.288 Rs, only a gap of a few hundred km 
width exists'*, 

We believe that the seemingly paradoxical presence of 
observed density waves associated with the weak Iapetus 
resonance and their apparent absence from the much stronger 
Titan resonance has a simple explanation in the very strength of 
the latter resonance. It and the other strong resonances are so 
strong that their driven density waves become nonlinear in a 
short distance’, Ar = Xx", and shock'®, depositing most of their 
negative angular momentum in close proximity to the 
resonance, and thereby quite likely opening up a gap. The 
distance to nonlinearity for both the Mimas 2: 1 resonance and 
the Titan apsidal resonance is 10° km, as compared with 10° km 
for the weak Iapetus apsidal resonance. Goldreich and Tre- 
maine’ pointed out that the behaviour of the wave becomes 
highly uncertain after the material within xni”, of the resonance 
has been removed, and they also expressed concern in the case 
of the Mimas 2: 1 resonance as to why the entire A ring had not 
been drawn into the Cassini division. 
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The presence of an empty region to the outside of a resonance 
diminishes the direct coupling of the satellite's resonant forcing 
to the disk on the outer side of the gap by an exponential factor if 
the waves must tunnel through a smeothly varying Q- barrier 
(edges not sharper than an inverse wavenumber). This factor in 
the amplitude may be roughly estimated from equation (53) of 
ref, 17, in the limit of small g, as 


2/@an"? ar 
exo|-3(73,) A ‘ 


where Ar is the observed width of the gap. The magnitude of the 
exponent is >10 for the observed gap near Titan’s apsidal 
resonance and even larger for the strong nonapsidal resonances 
in the rings. Thus, direct inward transport of material by strong 
resonances with outer moons may be self limiting. If density 
waves play a major part in transporting matter in Saturn’s rings, 
it must be possible to excite waves at nonresonant positions via 
interactions with preexisting small-scale structure (Goldreich, 
personal communication). 

Thus strong evidence exists in Saturn's rings for satellite- 
driven density waves, one in particular being driven by lapetus 
at its apsidal resonance. Based on this identification, we obtain 
values for ring properties such as @ =16gem”; K = r/o = 
9x10 cm g"; v=170cm°s™; while c<0.6cms', Hs 
40m, and Q<30. Firm lower bounds for ¢ and H can be 
obtained by requiring axisymmetric gravitational stability when 
Q=1, then our value of o gives c >0.02 cms”, H21.5m. 
Narrowing the ranges for c, H, and Q requires a careful evalua- 
tion of the relative contributions to v by gravitational scatterings 
and physical collisions. This will depend critically on whether the 
power-law distribution of ring particles extends to bodies 
>10m. 
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The brightness structure within Cassini’s division in Saturn's rings is explained in terms of perturbations produced by 
moonlets embedded within an optically thin disk of smaller ring particles. The moonlets exert gravitational torques on 
neighbouring ring particles and create gaps; diffusion acts to fill the gaps. A new explanation is offered for the inner edge of 
the Cassini division being located at the 2:1 resonance with Mimas. 





VOYAGER 1 observations have revealed that Saturn’s rings 
consist of a surprisingly large number of ringlets and narrow 
gaps'. Some of the features in the rings appear to be associated 
with resonant forcing by external moons’. We have argued that 
some observed undulating variations of small amplitude in the 
outer Cassini division can be interpreted as propagating spiral 
density waves whose source is resonant driving by Iapetus’. 
However, there also exist ring structures which cannot be easily 
explained in terms of external gravitational perturbations. 
Ring particles typically have sizes of 0.01-10 m (ref. 4), and 
Voyager 1 discovered several small new moons with diameters 





of 30-200 km just outside the main ring system’, Thus, we 
suspected the existence of bodies of intermediate size, and we 
investigated the idea that some of the prominent structures in 
Saturn’s ring system might be caused by the gravitational 
influence of such relatively massive bodies orbiting within the 
ring system (see also ref. 5). 

To have enough cohesive strength tc survive inside the Roche 
limit of Saturn, the perturbing bodies must have diameters 
= 100 km (ref. 6). To exert enough gravitational torque to clear 
gaps larger than their own sizes, the bodies must have diameters 
22 km (see equation (14)), We refer te bodies embedded in the 
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Fig. 1 Mosaic of the Cassini division in diffuse transmission. The B ring at the left and the A ring at the right appear dark because the relation, diffuse brightness 
proportional to optical depth, breaks down when the multiple scatterings occur. The inner Cassini division contains a series of plateaux separated by three dark narrow 
gaps and bounded by two dark wide rifts. The outer Cassini division (between the outer rift and the A ring) contains a faint wavelike pattern that is analysed in ref, 3. 


rings which are massive enough to clear gaps larger than their 
own sizes as moonlets. We aim here to obtain mass estimates for 
unseen moonlets that may be responsible for the clearest gaps 
and to analyse whether such badies could be directly detected by 
future spacecraft observations. We focus on the series of pla- 
teaus in the inner Cassini division which are separated by narrow 
gaps and set off from the B ring and the outer Cassini division by 
two wide gaps or ‘rifts’ (see Fig. 1). 

Our analysis of this region follows that of ring dynamics given 
by Goldreich and Tremaine’* and by Lin and Papaloizou’. 
After the discovery of the rings of Uranus'’, Goldreich and 
Tremaine proposed an ingenious mechanism for creating and 
maintaining narrow planetary rings'’. Their mechanism invoked 
small unseen satellites between the rings that keep the ring 
particles from spreading under the influence of collisions. The 
discovery of two satellites’, 1980526 and 1980 $27, which seem 
to ‘shepherd’ Saturn's narrow F ring supports the hypothesis. 

A moonlet embedded within the ring system will exert a 
systematic torque on ring material located at the moonlet’s outer 
and inner Lindblad resonances, where the ratio of the mean 
revolution rates of the ring Q and of the moonlet Qw satisfy 
0/Oxy = m/(m+ 1), with m as a positive integer. The direction 
of this torque always acts to move ring material away from the 
moonlet. Collisions between ring particles broaden the 
resonances, and near the orbit of the moonlet, the Lindblad 
resonances of large m pile up and overlap. The torques can then 
be considered as spaced continuously over the ring material. 
Each mooniet thus sweeps ring material on both sides away 
from itself. If the moonlets are large or closely spaced, particles 
between the two moonlets may be pushed into quite a narrow 
ringlet, as is the case with the uranian rings and Saturn's F ring. 
Counteracting this effect, viscous diffusion tends to maintain the 
ringlet at a finite width. If the relative role of diffusion is 
increased——-by an increase in the amount of material between 
adjacent moonlets or in the random velocities of the ring 
particles, by a decrease in the masses of the moonlets, or by an 
increase in their separation—the ringlets can spread and become 





plateaux wider than the gaps between them. We suggest this 
occurs for the prominent plateau structures in Fig. 1. 


Basic equations 


In a ring system where the normal optical depth 7 is of the order 
unity, collisions between ring particles occur on time and length 
scales of the ring orbital period and thickness. For structures of 
longer duration and larger dimension, we may treat the ring 
material as a viscous fluid, confined to a thin sheet. Ignoring the 
effects of gravitational focusing and scattering”, and assuming a 
single particle size, Goldreich and Tremaine'*’* proposed a 
formula for the kinematic viscosity that we approximate with 


“(a i 
YANG oo i 
where c is the one-dimensional velocity dispersion of ring 
particles. The visual optical depth 7 is related to the surface mass 
density e and mean cross-sectional area per unit mass of ring 
particles, ‘opacity’ K, by 
T= Keo (2) 
In contrast, if the size distribution of embedded bodies extends 
from centimetres to kilometres (or larger) on a single-power law 
of sufficient flatness, a more important source of effective 
viscosity than physical collisions arises from the tendency of the 
larger bodies to exert torque on their neighbours in such a way as 
to repel the latter”. The same mechanism operates on all size 
scales, but a natural separation occurs at the size Ra that 
separates bodies large enough to clear gaps around themselves 
(moonlets) from bodies too small to do so (ring particles), We 
treat the latter collection as a fluid with an effective kinematic 
viscosity v given by dimensional arguments as 


r = aR, — (3) 


where a is a dimensionless constant of the order of unity whose 
exact value depends on the exponent of the power-law that 
characterizes the ring-particle size-distribution. 
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Although equations (1) and (3) have different origins, they 
both give » proportional to o for small 7. This is the only 
important feature for our modelling of the inner Cassini 
divisions as the coefficient of proportionality between v and r or 
g can be determined empirically. We therefore adopt equation 
(1) with the understanding that the quantity c should be regar- 
ded, not as the true velocity dispersion of ring particles, but 
merely as a parameter in the v-r relation. Further, we assume c 
to have a spatially constant value ~0.5 cm s™', given approxi- 
mately by our determination of v through the damping of spiral 
density waves in the outer Cassini division’. An equivalent 
procedure would have been to take aR; = 0.2 km in equation 
(3); virtually identical results would then have been obtained in 
Fig. 2. 

The ‘tangential stress exerted by material outside radius r 
(distance from Saturn) on the material inside radius r, integrated 
over the thickness of the rings, is ovr 80./dr. This stress has a 
lever arm:r and acts (in an axisymmetric system) over a circle of 
circumference 27r. The net torque exerted on a narrow annulus 
is the difference between these effects at r+dr and r; therefore, 
the viscous torque T, exerted per mass unit is given by'® 


ð 
2areT, =— (2am) (4) 
or or 


In the present problem, we can ignore the self-gravity of the 
rings and the oblateness of Saturn; we approximate N(r) by 
Kepler’s third law; and equation (4) becomes 


T= a or n) (5) 


Moonlets clear gaps around themselves by exerting torques on 


O15 + 

















119,000 120000 


Distance (km) 


Fig. 2 Comparison of the theoretical optical depth profile with the 
_ measured diffuse transmission in the inner Cassini division. The solid curve 
gives the observed elliptical ring scans as a function of distance from Saturn; 
the dotted curve gives a theoretical fit to the data. The theoretical model 
adopts constant velocity dispersion, two stationary rifts moonlets, 1 and 5, 
and three gap moonlets, 2, 3 and 4, which have evolved to quasi-equilibrium 
positions, The moonlets have the properties listed in Table 1. Additional 
smaller moonlets may exist at positions a—h, but they were not modelled. In 
particular, moonlet a is required to confine the small bump (which is an 
optically thick narrow ring) between moonlets 1 and a, and to sharpen the 
inner edge of the first plateau. In these medium-resolution scans the optical 
depth does not reach zero at the positions 2-4, but this is an artefact as 
high-resolution scans show that clear gaps exist at these positions. Equilib- 
rium solutions were also calculated for c increasing with 7. Resultant profiles 
have sharper gap edges, as expected from the slower diffusion rates in 
the lowest optical depth regions. If c decreases slowly with increasing 7, 
rounder edges will result, Rapid decrease of c with r can result in diffusive 
instabilities?” 
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Table 1 Properties of the moontets 





Moonlet number j M/cigen™'s) D, kw 
1 25x10” 29 
2 70x107 9 
3 70x10" 9 
4 52x10" 8 
5 6.9x 10 19 





* The calculation for D, from M,/c assumes p-= 1 gem™* and c = 0.5 cms”! 


ring particles in various kinds of resonances. If the eccentricity of 
a moonlet of mass M; and radial position r,(7) is small, the torque 
T,(r, t) it exerts on a unit mass of fluid at radius r can be obtained 
from equation (18) of ref. 8, specialized to a keplerian velocity 
field: 

2 
oe] 6) 

-n 

Once moonlets have emptied gaps larger than their own sizes, 
we may ignore accretion by and erosion of moonlets. Mass 
conservation of ring particles leads to the equation of continuity 


T; = 0.40 sgn (r — Fs 


do 12a se 
1+ (rou) = 7) 
Pae zí )= 7) 
where u is the azimuthally averaged radial fluid velocity of the 
ring particles. Given the separate conservations of mass of ring 
particles and moonlets, we write the equations governing the 
transfer of angular momentum between the ring fluid and the J 
moonlets as 

D J 

rT, +E 7; (8) 

Dr ’ 


pet 


d if r 
gi Mn] = TM, i Tr, )2aro(r, dr + TM (9) 
where D/Dt = 6/at + u4/dr is the substantial derivative and T7“ 
is the specific torque exerted on the jth moonlet because of 
possible resonant locking to a massive external moon’. In 
equation (8), we have assumed an absence of direct pertur- 
bations on the ring material by external moons; and in equation 
(9), we have ignored the possibility of resonant moonlet-moon- 
let interactions. The latter interactions are small for the moonlet 
masses and separations implied by the ring structure in Cassini's 
division. 

In the keplerian approximation, 4(r°0)/ar=0 and 
a(r?Q)/dr = 70/2; thus, equation (8) becomes 


i 
surX=T,+ ¥ T, (10) 
jet 


Given c, Q, K, M; and TẸ", equations (1), (2), (5), (6), (7), (9) and 
(10) form a closed set to solve for v, 7, T,, Tp o, r; and u. We now 
show how quasi-equilibrium conditions simplify the solution to 
these equations. 


Approximate equilibrium behaviour 

From equations (10), (5) and (6), we readily estimate the fluid 
velocity u with which the jth moonlet will clear a ring gap Ar 
where the viscous torque has a magnitude comparable with that 
of the moonilet’s gravitational torque: : 








i vrhl | GM, ] (11) 
ae meiren ment { 
àr LO(4r) À 

so the characteristic time scale Ar for the gap clearing process is 
Ar (Ary (GM,)*” 

At~ ma # eet RIE (12) 


which, with typical ring properties’, is of the order of several 
years for a moonlet of 2 km diameter, and scales as the moonlet 
diameter to the fourth power. Therefore, moonlets randomly 
placed among ring fluid will clear gaps around themselves in a 
time short in comparison with the age of the Solar System. The 
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ring particles must quickly move to accommodate a near balance 
between the torques on the right-hand side of equation (10). 
Approximating the spatial variation of c, Q, rand K to be small 
in comparison with the resulting distribution of 7, we may set the 
right-hand side of equation (10) to zero and obtain 


T a J (GM Jc? 
-—— + arc tan (7) 
1+7 2 nP 


where Co is a dimensionless integration constant. For ring 
material far from any moonlets, Co = 7o/(1+74)+are tan (To), 
and equation (13) predicts an optical depth profile which takes 
the form of a plateau (r= 7r), with a steep decline as r 
approaches the position of the nearest moonlet on either side of 
the plateau. The edge of the gap, r = 0, is reached at a value of r 
where the right-hand side of equation (13) is zero. Equation (13) 
is not valid beyond this point. 

For given local disk properties, there is a minimum size of a 
body which can lead to a clear gap. This minimum moonlet size is 
found by requiring that the equilibrium gap width exceed the 
size of the body embedded within the gap. With a spherical 
moonlet of internal density p, from equation (13) the criterion 
for the diameter D of a moonlet is 





w + Cy (13) 


2/3 
D21.4(Cor)! (S) (14) 
p 


where Cy is a monotonic function of the plateau optical depth ro. 
For small 79, as in Cassini's division, Co is of the order of 270. 
With values which apply to Cassini’s division today’, equation 
(14) implies that D must exceed roughly 2 km. 

If an unconstrained moonlet (T/" =0) were to find itself 
between two plateaus of different 7, (and therefore a), the 
right-hand side of equation (9) will have a sign that forces this 
moonlet to move away from the high-density plateau towards 
the low-density plateau. The high-density plateau then spreads 
by viscous diffusion while the low-density plateau is compressed 
by the approaching moonlet. This reduces the density difference 
Ao between the two plateaus. When Ao has been reduced 
sufficiently and the evolving gap has developed enough width, 
the motion of the mooniet will be quite slow in comparison with 
the time required to produce the quasi-equilibrium ring profile 
given by equation (13) for fixed moonlet positions. 

This suggests a simple procedure for computing the slow 
phase of the evolution of Saturn’s ring system (most of the age of 
the Solar System). We calculate the moonlets’ radial velocities 
by substituting the fluid distribution between adjacent moonlets 
implied by equation (13) into equation (9). New quasi-equilib- 
rium fluid distributions can then be calculated from equation 
(13) after the moonlets are moved, keeping the amount of ring 
material constant between each pair of moonlets (Fig. 2). 

Unless the boundaries of (part of) the disk are constrained by 
external effects (for example, moonlets locked to heavy exterior 
moons), no true equilibrium is possible for the ring system. (A 
monolayer with c = 0 and ø # 0 would not spread, but it would 
be unstable to collective gravitational disturbances.) If the inner 
and outer boundaries correspond to moonlets, there will be no 
rings to either side, and unbalanced torques in equation (9) will 
force these moonlets to move away from the middle. Similarly, if 
the inner and outer boundaries correspond to ring fluid, there 
will be no moonlet torques to keep the ring particles from 
spreading past the old boundaries. In either case, the radial 
spreading of the entire ring system would provide the ultimate 
release of orbital energy needed to sustain a non-zero level of 
random velocities'®. In contrast, if embedded and/or boundary 
moonlets are constrained by resonant locking to outer moons, 
the maintenance of random velocities can come ultimately at the 
expense of a very small change in orbital characteristics of the 
heavy moon’’. This may invalidate upper limit estimates of, c 
based on lifetimes of Saturn's rings against viscous diffusion”? 

These general comments may bear on the question of the 
maintenance of Cassini's division. Currently, Cassini's division 
and B ring material give a net outward push on the proposed 
moonlet (‘guardian’) embedded within the inner rift with a 


torque per unit mass which can be obtained by substituting 
T,~-—T,, with T, given by equation (5), into the integral on the 
right-hand side of equation (9): 


d 3r Bi rns TETN: 
oat Or} = Fy lov’ oan division T 45) 
$ 


where the quantity in the brackets is to be evaluated well inside 
the Cassini division and the B ring. If the guardian is uncon- 
strained, it could not prevent the closing of the Cassini division 
until the ring material reached surface densities comparable 
with the B ring and could exert an equal but opposite torque to 
balance that of the B ring. We believe that this compression is 
prevented by locking of the guardian in the classical 2:1 
resonance with Mimas, which is itself locked to Tethys’’. Using 
estimates of the guardian moonlet’s mass, the viscosity and 
surface density of the B ring, we find that the Mimas 2:1 lock 
may barely have enough strength T;“ to keep the guardian in 
place, (Relevant formulae can be found in ref. (17),) 
Unfortunately, the proposed lock feeds eccentricity into Mimas’ 
orbit, and unless there is a means to damp the eccentricity 
growth, the small current value of Mimas’ eccentricity could 
pose a severe difficulty for this proposed mechanism. 

The outer rift moonlet lies between two regions of roughly 
equal surface density; therefore it may remain stationary even if 
it is not locked to a heavy outer moon. (Note that the outer rift is 
located within current uncertainties at the 5:4 resonance with 
1980 $27.) The outer edge of Cassini’s division is a mystery. It is 
unlikely that a moonlet maintains the sharp density dis- 
continuity between the division and the A ring. First, no gap is 
observed here down to the resolution limit of 10 km, so any 
moonlet present would have to be quite small. Second, the 
strongest resonance in this region, the 5:4 resonance with 1980 
$26, has neither the right sign (for stability) nor sufficient 
magnitude to hold a small moonlet against the inward push of 
the A ring. 

Independently of the mechanisms operating beyond the rift 
moonlets, we may use the observed locations of the gaps to fix 
the moonlet positions 7; at the present epoch. We can then adjust 
the moonlet masses and the amount of ring matter between pairs 
of moonlets (M,/c and Co in equation (13)) to give optical depth 
profiles that best resemble the major structures of the inner 
Cassini division. An internal check is available as the resulting 
structure yields, as it should, no appreciable moonlet motions if 
the rift guardians are held fixed. The best fit using five moonlets 
is given in Table 1. The resulting theoretical optical depth profile 
with equal heights of the plateaux (Fig. 2) is a natural 
consequence of the adopted physics and not of any adjustable 
parameter of the model. The observed approximately equal 
spacings of the moonlets may imply nearly uniform conditions in 
which the moonlets were initially formed. 


Discussion 


Embedded moonlets may explain why the inner rift of Cassini's 
division is located at the Mimas 2:1 resonance, and how large 
optical depth variations can be maintained between the division 
and the B ring. They also explain Encke’s gap, which has sharp 
edges and no correspondence with resonances of known moons, 
as well as many of the gaps in the C and D rings. We conjecture 
that the many ringlets and grooved patterns in the B ring result 
from bodies massive enough to exert appreciable gravitational 
torques, but too small to clear resolvable empty gaps. Finally, 
Voyager 2 observations may detect rift moonlets if they have the 
sizes listed in Table 1. Gap moonlets could be harder to detect. 
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The distribution of neutral gas and dust within the magnetosphere of Saturn has been inferred from the electron velocity 
distribution functions measured by the Voyager 1 plasma science experiment. Substantial enhancements of neutral material 
near Titan and in the vicinity of Enceladus are found. The E ring is also shown to be larger than previously thought. 





DURING the Voyager 1 encounter with Saturn, the electron 
plasma in the energy range 10-5,950 eV was sampled by the 
plasma science experiment (PLS). The electron distribution 
function in the vicinity of Saturn is comprised of smoothly joined 
thermal and suprathermal components; it is not well represen- 
ted by a single gaussian distribution. We define here the location 
where the electron distribution departs from this typical 
behaviour of smooth dependence of phase space density with 
energy and use this to indicate the presence of neutral material 
in Saturn’s vicinity. i 

We have reported’ that in the wake of the satellite Titan 
anomalous electron distribution functions were sampled by the 
PLS experiment. Figure 1 shows a representation of the dis- 
tribution function, f(v), sampled as a function of time as Voy- 
ager passed through Titan’s wake. The principal anomaly in 
these spectra is the ‘bite-out’ region above 700 eV where f(v) is 
abruptly reduced to values below instrumental threshold. This 
energy-dependent reduction should be contrasted with the 
smooth and otherwise regular spectra of the thermal/supra- 
thermal type seen on either side of the bite-out feature. This 
‘quenching’ of the suprathermal part of the spectrum has been 
interpreted’ as a result of inelastic collisions of electrons with 
Titan’s extended neutral atmosphere. The extinction becomes 
strong when the electron gyroradius becomes comparable to, or 
greater than, the local scale height of the neutral atmosphere’. A 
corresponding enhancement of the low-energy population is 
observed, which is theoretically expected when the primary 
electrons become degraded and produce secondaries, and/or 
when the neutral gas is photoionized. i 


TITAN WAKE A Loe fa) 














EFA 

















Iny 


measured by the instrument m displayed by tho solid curves, The speed 


channel for computing Emas for each caso m denoted In computing 7 points 

1, 2, and 3 are used. To remove any artificial scatter In 1 when frox levels are 

low, the data points 1 and 2 must be five times or more above instrument 
noise, If not, Emex fs reduced until this condition is satisfied. 


We have systematically located analogous bite-out features in 
the distribution function samples acquired during encounter. 
The easiest way to quantify these features is to evaluate the 
curvature of the distribution function at the maximum energy 
(Emax) that the distribution is observed above the PLS instru- 
ment’s flux threshold. Here we evaluate a dimensionless curva- 
ture indicator, 7, given by 

„£l ft) 
Td no) 

the second derivative of the logarithm of the observed dis- 
tribution with respect to the logarithm of the speed, centred at 
the last energy channel Emex which has detectable fluxes above 
the instrument noise and telemetry thresholds; 7 vanishes when 
the local spectrum near Emax is a power law in particle speed. 
This is usual in the magnetosphere in our energy range. Further, 
the curvature index has been constructed to differentiate 
between an intrinsic spectral change near threshold (7 <0) anda 
spectrum-preserving reduction in the particle flux (n > 0). 

Figure 2 shows three possible transitions of the observed 
speed distribution from above to below instrument threshold. A 
power law is assumed for the distribution function f(v) where 
different spectral slopes in Fig. 2a, b, c are used only for illus- 
tration. In Fig. 2a the spectrum remains above threshold for the 
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full energy range of the instrument: here n =0. Figure 2b 
illustrates the situation where there is a spectral preserving 
reduction in the actual distribution function; here, because of 
the instrument threshold level, 7 >0. Figure 2c illustrates the 
negative curvature situation, similar to that shown in Fig. 1 for 
Titan's wake. Here the spectral trend below Emax is shallower 
than the trend suggested by the fluxes above Emax. Because the 
threshold level is greater than or equal to the incident particle 
flux above Emax an upper limit for 7 is determined using the 
threshold value as the third point in the numerical evaluation of 
the second derivative. The curvature parameter computed near 
threshold gives a qualitative measure of the curvature in flv) at 
Emax; and is used to identify regions where bite-out features are 
present and to give general trends about the energy dependence 
of the reduction experienced by the suprathermal electrons. 
Hence 1 =0 indicates no bite-out signature, whereas n <0 
signifies a bite-out. The more negative the curvature parameter 
the greater the reduction in f(v), 


Observations 
We have processed all available electron data acquired close to 


and inside Saturn’s magnetosphere. The results are shown in. 


Fig. 3 with abscissa the equatorial radius, p, of the observer in a 
cylindrical coordinate system with its z axis aligned with 
Saturn’s rotation axis. Within the plot of the L shell parameter 
the annotated arrows show the equatorial distance, p, of field 
lines which simultaneously thread the spacecraft and various 
inner satellites according to a model of the magnetic field which 
incorporates both an intrinsic potential model of Saturn’s mag- 
netic field and the first-order effects of a distributed ring cur- 
rent outside 8.7 Rs (Saturn radii)’. Positions of the bow shock 
and magnetopause crossings’ are also indicated, so changes in 
electron distribution function can de discussed in relation to the 
boundaries of the magnetospheric system. Note that the density 
scale is different for inbound and outbound passes. 





In the magnetosphere the curvature parameter is usually near 
zero whenever Emax is at the upper speed channel of the instru- 
ment; this supports our interpretation that the parent dis- 
tribution for the suprathermal electrons is a power law within 
Saturn’s magnetosphere. However, in many places the n-curva- 
ture parameter is noticeably and significantly negative. The 
bite-out signature displayed in the three-dimensional plot of the 
Titan feature is retrieved as indicated by the sharp reduction in 
Emax and the accompanying increase in the magnitude of the 
negative curvature. On either side of the principal Titan feature, 
at least two and possibly more subsidiary density enhancements 
previously called ‘plumes’! comprised of electrons cooler than 
the surrounding magnetospheric electrons can be seen (19.1 and 
21 Rs). These density enhancements are associated with 
changes in the curvature index to more negative values, but at 
larger values of Emax than that at Titan’s wake. According to the 
‘plume’ model’, the density enhancement at 21 Rs should be of 
most recent origin, because it has a higher density and colder 
temperature, presumably due to recent contact with the Titan 
atmosphere. Note that Emax for this plume is smaller than that 
for the other plume seen at 19 Rs, which should be older. In 
addition to these relatively clear instances of remnants of neutral 
plasma interactions, there is evidence for bite-out signatures in 
the suprathermal electrons outside of Titan's orbit all the way to 
the magnetopause boundary and possibly even into the 
magnetosheath. Centrifugal forces resulting from co-rotation 
would tend to move plasma which has interacted with Titan 
towards the magnetopause. Bite-out signatures observed in the 
magnetosheath could therefore result from an open magnetic 
topology, where the suprathermal electrons, which have 
encountered Titan in the past, have leaked out of the 
magnetosphere into the magnetosheath. Note that the intrinsic 
magnetosheath electron spectrum may not be a true power law, 
but rather maxwellian, in which case the normal curvature of the 
distribution function crossing the instrument threshold would be 
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Fig. 4 Plot of the observed electron distribution function for the bite-out 
event observed near closest approach with Enceladus’s L shell (see Fig. 1). 
When the spacecraft is in shadow, it may reach negative potentials of 
~-10 V significantly below the Emas energies reported here, Therefore, 
only minor trajectory perturbations can be induced by these size potentials 
for electrons with energies near Emax Hence little effect on the intrinsic 
bite-out signature is expected when the spacecraft goes into shadow in this 
region. Data gaps that are ~5 min are centred at 01:36, 01:48, 02:02, and 
02:114. 


negative. If true, negative curvature signatures for y in the 
magnetosheath may not be signatures of a bite-out. 

Inside Titan’s orbit on the inbound traversal between 15 and 
17 Rs and briefly at 13.4 Rs there are additional intervals of 
large negative curvature signatures. In these intervals there is no 
known satellite or suggested ring or dusty material. We have 
considered the possibility that when Titan is near local midnight, 
magnetic field lines which have had close encounters with Titan 
could map into these smaller radial distances at local noontime. 
The solar wind compresses Saturn’s magnetosphere at noon 
local time moving field lines in closer to Saturn, and distends 
them at midnight local time moving the field lines out to greater 
radial distances. The bite-out signatures inside Titan’s orbit at 
noon local time may then be vestiges of plasma that have 
experienced a close encounter with Titan near midnight local 
time. The magnetopause of Saturn has been observed*” as close 
as 17.3 Rs to Saturn by Pioneer 11 which supports this inter- 
pretation. This interpretation also requires a persistence 
(lifetime) of the curvature signature over a period that is 
comparable to one-half the orbital period of Titan (8 days or 18 
Saturn rotation periods). Losses from these field lines would be 
smaller than those loaded with plasma by Titan at local noon, as 
the latter field lines should come much closer to the magneto- 
pause surface, and be extended further down the tail at local 
midnight where the field lines can open up and lose plasma®’. 


E ring signature 


The curvature parameter indicates another region of supra- 
thermal extinction between 8.4 Rs inbound (317:16:56) and 
about 6.7 Rs outbound (318:04:45). At the extremities of this 
interval the curvature parameter is suddenly sharply increased 
in magnitude, and while remaining negative then begins a 
recovery towards smaller magnitude but still negative values. 
The value of Emax also exhibits a systematic variation within this 
interval, decreasing as we proceed towards closest approach and 
then recovering on the outbound traverse. The amplitude of this 
variation is remarkable with a range of 6,000-30 eV. Note that 
the onset of the sharp inbound bite-out signature occurs while 
the density is still rising so the decrease in the Emax parameter 
cannot result from decreased fluxes without a corresponding 
spectral change. When the sharp bite-out commences at 8.4 Rs 
inbound the maximum energy at which particle fluxes are 
observed above threshold is higher than it is in the weakest 
curvature parts of this interval. At the outbound termination of 
the bite-out period at 6.5 Rs, a similar phenomenon is observed: 
the erosion of f(v) is the most severe as Emax rises back towards 
the maximum PLS energy. 


We suggest these signatures are produced by the interaction 
of particulate matter with the local thermal plasma. We asso- 
ciate our observations with the optically defined E ring first 
imaged by Feibleman® and whose impact on the trapped par- 
ticles was theoretically predicted by Thomsen and Van Allen’. 
Thomsen and Van Allen showed that the extinction of low 
energy electrons (E <6 keV) becomes more pronounced as the 
particle energy is raised. This is essentially the effect we have 
observed in the relation between the curvature index and Emax 
The strong energy dependence arises either because the 
degradation of electrons is proportional to the bounce frequency 
which is in turn proportional to the particle speed for particles 
with magnetic mirror points above or below the E ring or, when 
this is not the case, the collision frequency is proportional to the 
particle speed (geometrical cross-section). 

Thomsen and Van Allen make a prediction about the angular 
distributions expected for particles interacting with a thin ring of 
dust, which has been essentially confirmed by Pioneer obser- 
vations'*''. Particles with equatorial pitch angles near 90° are 
preferentially removed as their path lengths through the ring 
material are larger and bounce periods shorter than those whose 
pitch angles are near 0°. Throughout most of the interval given 
by the E ring in Fig. 3, the PLS electron detector had a mean field 
of view including particles having 90° pitch angles. For the 
present energy range and the pitch angles sampled, using known 
ranges of optical opacities of the E ring” and measured diffusion 
coefficients within Saturn’s inner magnetosphere’, the attenu- 
ation of the speed distribution is probably exponentially 
dependent on the electron speed. This explains the sensitivity of 
the curvature index as Emax rises, and why a sharp definition of 
the outer edge of the E ring results from this analysis. The PLS 
definition of the E ring corresponds closely to the definition of 
the inner boundary of the ring current by the MAG team*"*. 
The energies of electrons used here to define the E ring are 
substantially below that used by the Pioneer investigations; so 
they are more sensitive to smaller column densities than pre- 
vious studies since the stopping distances or ranges for charged 
particles through neutral material increase with particle energy. 
The extension of the E ring to these radial distances also explains 
why the distributed currents of the outer magnetosphere seem to 
stop in this vicinity. Energetic ions which have ranges or stop- 
ping distances less than that of a 6 keV electron are probably the 
principal current carriers of the azimuthal ring current. These 
current-carrying ions are then removed by the E ring which 
determines the inner edge of the ring current. 

The radial extent of the E ring is not symmetrical about 
Saturn; the ring extends to nearly L=9.0 Rs in the noon 
hemisphere and extends to L = 6.5 Rs in the outbound traverse. 
A similar asymmetry has been observed'®’* by Pioneer 11, 
suggesting this is a permanent feature of the E ring plasma 
interaction—but no explanation is available. 

Within the broad E ring region another feature occurs which is 
not consistent with the overall trend of the bite-out signatures of 
the E ring itself. Between 3.7 Rs (day 317 at 21:28 LT) inbound 
and nearly 2.8 Rs (day 318 at 00:34 LT) outbound there is an 
anomalous enhancement of the Ema; parameter. During this 
interval the magnetic field vector becomes increasingly aligned 
with the sensor look direction. This change in the relative 
viewing angle could be reconciled with the observation of the 
field aligned portion of the theoretically expected dumbbell 
pitch angle distribution’, which is outside the field of view of the 
instrument during the earlier portion of the E ring measure- 
ments. Alternatively, this region could be a new particle regime, 
with a different set of forces and history for the observed 
particles. This view relies on the results of Acuña et al.* who 
report that during this anomalous period a ‘non-potential’ fea- 
ture in the magnetic field indicates a distinct spatially localized 
disruption of the otherwise dipolar magnetic topology. During 
this period the last channel above threshold increases. from 
50 eV to nearly 1 keV in near coincidence with the non-poten- 
tial field perturbation. This shift may represent an energization 
of the particles or simply an enhancement of their number 
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density. As the magnetic anomaly requires a field-aligned cur- 
rent and as the high mobility of the electrons argues that they 
would be the principal carriers, the enhanced electron fluxes in 
this plasma anomaly may represent the signatures of field 
aligned currents. The plasma data by themselves cannot, 
however, determine if there is a net current flow. 


Enceladus signature 


For the brief interval between 01:20 and 02:10 SCET on 13 
November, 1980, within the general E ring bite-out, a strong 
reduction in the suprathermal electrons occurred similar to that 
shown in Fig. 1 for the Titan wake, and signified by the sharp 
depression in Emax and the curvature parameter between 3.4 and 
4 Rs spacecraft equatorial distance. Figure 4 shows the dis- 
tribution function for this feature. The L shell distance of the 
strongest depression in Emax centred on 01:30 SCET is 4.35 Rg, 
very near the minimum L shell of 4.34 Rs predicted by 
Connerney et al.’ As the dipole L parameter plot indicates, L is 
approximately constant in this interval and it is therefore 
difficult to determine the equatorial distance to be ascribed to 
the strongest bite-out. This distance is close to, but outside, the 
radial distance of Enceladus, which has been suggested by 
Terrile and Tokunoga’® to be the source of the E ring. Terrile 
and Tokunoga observed a brightening of the E ring in the 
vicinity of Enceladus. If this interpretation is correct, we have 
observed bite-out signatures on flux tubes that have traversed 
this enhancement of dust about Enceladus. At the energies 
considered here, the previous explanation of the bite-out at 
Titan is inappropriate because the flux tubes do not come within 
a gyroradius (<2 km) of Enceladus or any other satellite and the 
scale lengths for these features are of the order of a Saturn 
radius. The possibility of an interaction with a localized dense 
cloud of gas with neutral column densities ~ 10’? cm? cannot be 
ruled out by these measurements, but the lack of evidence for 
such a dense cloud of gas from UV observations”, makes this 
explanation unlikely. 


Conclusions 

Based on our suggestion that neutral absorbing material in the 
vicinity of Saturn can be sensed by studying the spectral 
modifications to the speed distribution of low energy electrons 
(E <6 keV) we have remotely identified the neutral gas around 
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Titan which is a strong quencher of the (otherwise common- 
place) suprathermal electrons. A similar feature has been used 
to delineate the E ring, which is considerably larger than pre- 
viously thought. This results from the use of lower energy 
electrons as the probes of dust in the ring, as they are stopped by 
smaller dimension particles. In our energy range the E ring is 
also asymmetric in local time. The present definition of the 
extremities of the E ring correspond closely to the inner edge of 
the ring current as modelled by the MAG team, which argues 
indirectly that ions with ranges through matter (dust) less than 
that of a 6 keV electron are the prominent ring current carriers. 

The progressive reduction of the suprathermal electrons with 
decreasing radial distance within the E ring strongly suggests 
that the suprathermal electrons are diffusing inwards (source 
must be outside of E ring), whereas outside Titan’s orbit we 
found evidence for outwards diffusion. 

The removal of the suprathermal electrons within the E ring 
explains the apparent collapse of the plasma sheet’. Due to 
extinction of the suprathermal] electrons, which dominate the 
electron pressure outside the E ring, the mean energy of the 
electrons decreases by a factor of ~5. Consequently, the ability 
of electrons to leave the equatorial plane and pull off the ions by 
the polarization electric field, is reduced. The scale height of the 
density variation should then be smaller within the E ring regime 
than outside. Estimates of the scale heights within and outside 
the E ring assuming a composition of singly ionized nitrogen are 
in good agreement with those inferred by Bridge er al.’ 

We interpret a prominent extinction feature in the vicinity of 
Enceladus to be the result of enhanced dust around Enceladus; 
this may support earlier speculations that Enceladus” is the 
primary source of the E ring material. 

Finally, the electron fluxes are strongly enhanced relative to 
the ambient conditions within the non-potential magnetic field 
disturbance within the E ring traversal. These combined obser- 
vations suggest a localized field aligned current system with the 
electrons being the principal current carriers. 

We acknowledge the advance availability of the magnetic field 
data from the Voyager magnetometer team and N. F. Ness, and 
magnetic coordinates provided by the magnetic modelling effort 
of the MAG group. We thank K. W. Ogilvie and N. F. Ness for 
helpful comments and M. C. Harrison and L. J. Moriarty for 
technical assistance. 
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Voyager planetary radio astronomy observations of low frequency emissions detected around the time of closest approach to 
Saturn and near the outbound ring plane crossing are presented. Near the ring plane an electron density of between 5 and 20 


electrons cem ™ at distances of ~ 6Rs is estimated. 





THE low-frequency plasma wave emissions presented here are 
reminiscent of emissions observed within the Earth’s 
magnetosphere’ and more recently within the jovian 
magnetosphere’. Their most striking feature consists of intense 
spiky bursts, interpreted as local electrostatic upper hybrid 
resonances accompanied by odd-half-harmonic cyclotron, (n + 
1/2)f, waves where f, is the electron gyrofrequency. These 
emissions are preceded by two cistinct components at frequen- 
cies lower than the normal Saturn kilometric radiation (SKR)*: 

the first one is a polarized drifting emission between 3 and 


40 kHz; the second, appearing at still lower frequencies, is 
unpolarized and narrow banded (1-3 kHz). By analogy with 
observations in the terrestrial magnetosphere, these two emis- 
sions are interpreted respectively as non-thermal continuum 
radiations’ and VLF hiss. 

The characteristics of the Voyager | trajectory close to Saturn 
are shown in Fig. 1. During the inbound segment, the spacecraft 
crossed the saturnian equatorial plane downwards at the orbit of 
Titan. The planetary radio astronomy (PRA)* observations 
during this Titan flyby will be discussed elsewhere’. Up to the 
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Fig. 1 A meridian plane projection of the Voyager 1 trajectory around 
closest approach is coded to indicate the locations where three different 
classes of emission are detected by the PRA experiment. From the funr 
resonance we deduce electron densities between 5 and 20 electrons 
cm“? (see Fig. 3). The dashed line corresponds to magnetic latitude 

ML = -28°. 


time of the closest approach, the spacecraft continued towards 
higher negative saturnian latitudes (also magnetic latitudes), 
while moving around the planet. During the outbound pass 
through the saturnian magnetosphere, Voyager 1 returned 
towards the ring plane, which it crossed at the orbit of the moon 
Dione (6Rs) and then continued towards high positive latitudes, 

The different low-frequency emissions observed near periap- 
sis are shown as a function of time on the fixed frequency plots in 
Fig. 2. Each channel has a 1-kHz bandwidth, and each point 
represents a 6-s measurement interval. Two traces in a parti- 
cular frequency channel correspond to signal levels in each of 
the opposite senses of circular polarization and indicate that the 
emission is polarized. 

The emission appearing at frequencies above ~ 60 kHzin Fig. 
2 is freely propagating SKR, whereas the broad-banded emis- 
sion present in all channels around the time of the outbound ring 
plane crossing does not show normal SKR characteristics. In 
particular, it does not appear at the typical saturnian longitudes 
for the low-frequency SKR component. We cannot explain this 
emission which is confined to a region around the equatorial 
plane. We now consider the activity which occurs only in the 
frequency range below 60 kHz and which can provide informa- 
tion about plasma conditions in the vicinity of the spacecraft. 

Impulsive emissions appear between ~ 1h and 6h in the 
three lowest-frequency channels. The very intense emission in 
the 1.2-kHz channel which saturates our receiver most of the 
time (intensity level > 10°'' V? m? Hz!) appears below half 
the local electron gyrofrequency and can be thus interpreted as 
VLF noise”. Another type of emission in this time interval 
consists of brief spiky bursts (Fig. 2), This impulsive emission 
first develops at low frequencies, moves towards high frequen- 
cies and then back to low frequencies. We interpret this pattern 
as a variation of the local upper hybrid resonance frequency 
along the spacecraft trajectory, This interpretation is supported 
by the resemblance to similar narrow-banded emissions obser- 
ved in the magnetospheres of Earth' and Jupiter?*: The elec- 
trostatic noise at funr = (fp + f2) 7, where f, is the local plasma 
frequency, allows a direct estimate of the electron density at the 
position of the spacecraft. The resulting density curve around 
closest approach is shown in Fig. 3 together with density curves 
estimated by Voyager 1 plasma wave (PWS)’ and plasma science 
experiments (PLS)'°. A time discrepancy is noted with respect to 
PWS results, whereas our maximum density (~20 electrons 
cm“) is only slightly higher than the PLS value. 

Preceding this developing funr line we observe smooth emis- 
sion humps of longer duration on the 20.4 and 39.6 kHz 
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Fig. 2 Fixed frequency plots (intensity in dB V~? kHz’) of the lowest 
PRA frequencies as a function of the distance (D,) from Saturn. The distance 
(Z) from the equatorial plane, the magnetic latitude (ML), the Subspacecraft 
Saturn Longitude (SLS) and the local time (LT) are shown, CA denotes the 
point of closest approach. and RC denotes the ring plane crossing. The 
broad-banded emission around RC (A), thein t 1/2)f, waves 00, the funr 
spiky bursts (@), the VLF hiss È and escaping © continuum radiations are 
indicated. The intense spiky emission from 2 h to 5 hon the 1.2-kHz channel 
is interpreted as VLF noise. The emissions observed throughout the period 
at frequencies 260 kHz are due to freely propagating Saturn kilometric 
radiation. 
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Fig. 3 Appearance of electrostatic emissions (x, smooth (a +1/2)f, 

humps; @, four spiky resonances) with respect to the evolution of the: 

gyroharmonic pattern as calculated from the measured magnetic field (lett 

ordinate). The density profile deduced from the PRA observations {e meii} 

is compared with the Voyager PLS! (020-2) and PWS" (~~~ -~p results 
(right ordinate). 
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channels (Fig. 2). We interpret these emissions as (n +1 Dfe 
harmonic waves. Such waves are aso observed in the vicinity of 
the Earth’ and within the Io plasma torus? and generally 
accompany funr waves. Figure 3 shows the position of these 
waves with respect to the gyroharmonic pattern calculated from 
Voyager 1 magnetic field measurements''. The location of the 
gyroharmonic waves in relation to the funr waves can be 
interpreted in terms of the relative temperatures of a two- 
component electron distribution consisting of a ‘cold’ back- 
ground plasma and a ‘hot’ component that provides a source of 
free energy for the waves’. 

In the Earth's and Jupiter’s magnetosphere’? the whole 
pattern of (n+1/2) f and funr electrostatic waves in some 
cases seems to be closely associated with two components of 
non-thermal electromagnetic radiation: an escaping and a 
trapped continuum component. The emission of type 2 in Fig. 2 
resembles such a non-thermal continuum: this polarized emis- 
sion drifts between frequencies <20 kHz and ~ 40 kHz and is 
typical of an apparently distinct narrow-banded component of 
SKR that is seen intermittently in che PRA data throughout the 
encounter period*. Its characteristics are similar to the narrow- 
band jovian kilometric radiation (nKOM)”, and both may 
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originate in the same physical process as the escaping non- 
thermal continuum radiation”. At lower frequencies around 
1 kHza smooth, intense and unpolarized emission 1 (on Fig. 2) is 
observed during a short period at latitudes lower than —28° 
(Fig. 1). Gurnett et al” interpret this low frequency component, 
below the plasma frequency and far below the gyrofrequency, as 
VLF noise. 

We have shown that the different emission components of the 
low-frequency spectrum observed during the Saturn encounter 
constitute a similar pattern to the spectra observed elsewhere 
(see Fig. 9 of ref. 12), The combination of strong, impulsive 
bursts at fung and smooth emissions.at (n + 1/2)f, is common in 
plasma populations consisting of a mixture of relatively cold and 
hot energetic magnetospheric plasmas. This mixture, as pointed 
out for the terrestrial and jovian magnetospheres by Kurth et 
al., agrees with the emission mechanism proposed by Mel- 
rose’*, according to which the non-thermal radio continua result 
from conversion of upper hybrid waves into electromagnetic 
waves by coalescence with low-frequency waves. Finally our 
estimate of the electon densities near the time of the outbound 
ring plane crossing (4 = R <7Rs) agrees reasonably well with 


the direct measurements by the PLS team”. 
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An unexpected type of emission was observed during the Voyager 1 Saturn encounter. This consisted of periodic episodes of 
many impulsive discharges throughout the frequency range (20.4 kHz to 40.2 MHz) of the planetary radio astronomy 


experiment. 





NON-THERMAL radio emissions from the Saturn system were 
first detected by the Voyager planetary radio astronomy (PRA) 
experiment on board Voyager 1 in January 1980. Since then 
emission between 100 kHz and ~1 MHz from the planet, 
termed Saturn kilometric radiation (SKR), has-been detected 
almost continuously. Observations of SKR are detailed else- 
where’, For only a few days around encounter a broadband 
(100 kHz to at least 40 MHz) emission was observed. Initial 
observations of this form of emission are given elsewhere’; here 
we detail the further analysis of these data. 

In its normal mode, the PRA receiver scans downward in 
frequency through 198 channels between 40 MHz and 1.2 kHz 
and samples each channel for 30 ms. Each scan includes 
experiment status information, and requires 6 s (ref. 3). Figure 1 
shows part of a typical dynamic spectrum obtained by the 
receiver in this mode near encounter, in which several vertical 
streaks are apparent. We believe? that these streaks have a 
physical cause outside, and independent of, the spacecraft. The 
detailed structure of an individual streak (or ‘event’) can be 
determined only on the rare occasions that the PRA receiver is 
operating in its ‘high rate’ mode, when two preselected pairs of 
adjacent frequency channels are sampled simultaneously once 
every 140 us. Although we only have 48s of such data which 
exhibit clear events, obtained ~4h after encounter, this is 
enough to examine the detailed structure of such events, which 
in many ways resembles the radio signature of a terrestrial 
lightning discharge. This, and properties previously listed’, leads 


us to conclude that we are observing the effects of short-lived 
electrostatic discharges originating in the vicinity of Saturn 
(hence Saturn electrostatic discharges (SED)). 


Frequency (MHz) 











Poe. ` eop aggira meam iess 





318:00:00 
Day of year/time 
Fig. 1 Dynamic spectral scans from the PRA experiment near closest 
approach. The SED appear as short vertical streaks whose duration is 
proportional to the height of the streaks. The broadband nature of the 
phenomenon is clear, 
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written to identify and log each individual discharge event 
occurring in the regular low rate data. This proved to be much 
more sensitive than the plotting of dynamic spectra as in Fig. 1. 
The rate of discharge occurrence varied markedly throughout 
the encounter period with the SED being generally confined to 
apparently periodic episodes. Given the relatively limited data 
base, and the rapidly changing geometry of the Saturn system as 
seen from the spacecraft during encounter, the inherent 
periodicity of these episodes cannot be estimated precisely. We 
calculate, however, that the observed events are consistent with 
a source revolving about the planet with a period of ~10h 
10 min (+5 min), radiating away from the planet. The possibility 
of a corotating phenomenon (of period near 10h 40 min), 
previously thought to be a plausible explanation of the obser- 
vations, is now clearly excluded. Generally, SED episodes are 
observed over slightly more than 50% of this orbit, which is 
located about 1.81.Rs (Saturn radii) from the centre of the 
planet. Figure 2 shows all the clearly defined episodes we 
observed; each frame represents one revolution of a reference 
frame rotating with period 10h 10min about the centre of 
Saturn (0° is defined as that longitude facing the vernal equinox 
of Saturn at 1.0 January 1970), with spacecraft motion taken 
into account. The episodic nature of the phenomenon is clear. 
For convenience, the episodes have been assigned identifying 
numbers as in Fig. 2. 
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Fig. 2. The episodic gross structure of SED which shows the 16 relatively 
well-defined episodes (closest approach takes place during episode 5). Each 
episode consists of 36 bins each 10° longitude wide, representing the 
sub-spacecraft longitude of a system rotating about Saturn's centre once 
every 10h 10 min. The length of each bar is a function of the numbers of 
observed SED events and the spacecraft distance from r= 1.81R,. This 
convolution increases the relative noise background with increasing distance 
from r= 1.81R.. 
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Maximum intensity of SED event (db) 


Fig. 3 Maximum intensity of SED bursts for the available high-rate data. 

Instrument cutoff occurs at +80 dB. The number of points at or above cutoff 

is highly anomalous and indicates indirectly the possibility of two distinct 
populations of SED. 


Dynamic spectra such as Fig. 1 exhibit clearly the broadband 
nature of SED. Generally whilst within an episode, we observed 
SED in all channels which were not swamped by SKR emission. 
This normally limited us to frequencies 2800 kHz. For part of 
the encounter episodes, however, SER was absent at the lowest 
frequencies, and SED was clear even below 100 kHz. To test the 
broadbandedness of SED, spectra consisting of the number of 
SED events observed per channel on an episode-by-episode 
basis were calculated. At encounter (episode 5) the spectrum 
appears remarkably flat; what features are present are due to the 
sensitivity curve of the receiver, and the changing shape of the 
spectrum as the spacecraft moves in the days around closest 
approach indicates that at encounter relatively few discharges go 
undetected. 

Note also that the onset of an SED episode is not uniformly 
simultaneous at all frequencies. In particular, the encounter 
episode was observed at 40 MHz some 4.5 h before it was seen 
at 10 MHz. The start of other episodes and the end of all 
episodes seem to be independent of frequency. 

A marked feature of Fig. 2 is the asymmetry about closest 
approach; the earliest recognizable SED were observed only 
~36h before closest approach, whereas post-encounter 
episodes continued for some days. Two of the pre-encounter 
episodes exhibit a clearly double-humped envelope, a feature 
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Fig. 4 Dynamic spectrum similar to Fig. | for episode 6. The alterduting 
light and dark squares during many SED events indicate the presente af 
circular polarization, in this case overwhelmingly in the left-hand sense. 
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Fig. 5 Polarization as a function of frequency for post-encounter episode, 

Frequency runs between 40 MHz at left to ~800 kHz at right. A three-point 

running mean has been used to smooth the curve. Very few points were 

available at the top of the high band, but at other frequencies above about 

15 MHz (marked with arrow) most bursts are clearly left-circularly 

polarized. Below 15 MHz there is little evidence for any systematic sense of 
polarization. 


which does not appear to be present after the encounter. There 
is some evidence that this could be due to a smaller source of 
SED revolving about the planet with a longer period (~10h 
30 min). Pre-encounter, the two sources are just resolved. 
During the period displayed in Fig. 2 the faster source catches up 
with, and may overtake, the slower source, and so for the 
strongest episodes (numbers 3-9), the two are unresolved. In 
support of this, the early episodes seem to have a slightly greater 
angular width than the later ones. Support for a two-source 
model comes from an investigation of the intensity charac- 
teristics of the bursts detected in the high rate mode, which 
exhibit results typical of the superposition of two or more 
populations (Fig. 3). This hypothesis cannot be rigorously 
checked until the Voyager 2 encounter. 

In the normal mode, the PRA receiver is sensitive to circular 
polarization. The sense of polarization sampled alternates from 
channel to channel as a 6-s scan progresses. (Alternating 6-s 
scans start with alternating polarization sampling of the first 





channel.) Consequently, should a given SED event show circular 
polarization, it would appear as a streak of alternating light and 
dark squares on a dynamic spectrum plot. A search for this 
phenomenon yielded many examples, such as shown in Fig. 4. 
We defined an index of polarization for the ith channel, Pir), by 
PU = (LU) - RU) ARG) +L) 
where R(/), L(i) are the number of 30 ms samples of right-hand 
and left-hand polarization of the ith channel in which an SED 
signal was detected, An examination of the SED on the basis of 
polarization showed that episodes 1-5 contained very few 
clearly polarized events out of many thousands. Post-encounter 
episodes, however, were generally strongly left-hand circularly 
polarized, Polarization/frequency plots were produced for each 
episode. Figure 5 shows the results for the first post-encounter 
episode. The SED are clearly strongly left-circularly polarized 
above ~15 MHz. Below this frequency, the degree of circular 
polarization is much less, and the sense is frequency-dependent. 
We have previously citeh nn on polarization as being evidence 
of a discharge”. Despite the present finding, we still believe that 
we are observing electrostatic discharges, which are polarized by 
virtue of either magnetic or curved electric fields, and 
consequently we have retained the term ‘SED’. 
In conclusion, some eight characteristics have now been fairly 
well defined by the Voyager 1 encounter: 
(1) a very flat, broadband frequency spectrum; 
(2) a period of ~10h 10 min; 
(3) a change in the envelope shape of episodes between pre- 
and post-encounter; 
(4) an intensity population structure typical of plural popu- 
lations; 
(5) episodic structure of width ~180°: 
(6) post-encounter episodes continue for about three times as 
long as pre-encounter ones; 
(7) post-encounter bursts are left-circularly polarized at high 
frequencies; 
(8) at least one episode shows the onset of high frequency 
events some time before that of lower frequency ones. 
Any theory for the generation of SED should account for all 
these characteristics. 
We thank other members of the PRA team for helpful 
Suggestions and criticisms of this work. It was supported by 
NASA-Jet Propulsion Laboratory. 
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Alihough Voyager 1 was not equipped for the detection of X-rays and neutral particles, its low energy charged particle 
detector (LECP) records suggest a significant flux of these radiations. X-rays could be due to substantial precipitating 
electron fluxes in the auroral region or the rings whereas energetic neutrals could be due to charge-exchange between trapped 


ions and Saturn’s neutral hydrogen disk. 





THE production of auroral X rays and energetic neutral particles 
is well known in the Earth's magnetosphere (X rays’; charge 
exchange energetic neutral particles’ >) and can be expected at 
Jupiter and Saturn. In the case of the outer planets, besides 


charge exchange with the planetary exospheric neutrals, the 
magnetospheric particles are also subject to similar loss proces- 
ses due to interaction with the neutral clouds emitted from 
satellites”. 
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We present heré observations of the Voyager 1 spacecraft 
obtained a few days before encounter of the Saturn magneto- 
sphere in November 1980. As Voyager 1 has no special experi- 
ment onboard for X-ray and neutral particle detection, we use 
the sensitivity and directional measurements of the LECP (low 
energy charged particle) analyser to identify the neutral radia- 
tion above the charged particle background. 


Method of detection 


The method has been outlined earlier’ and will be summarized 
only briefly here. The LECP telescope® uses a silicon detector of 
96.5 um thickness and 0.08 cm? area to accumulate counts in 
eight separate sectors near the ecliptic plane. Electrons 
<400 keV are magnetically deflected and cannot reach the 
detector. A stepwise integration of the X-ray sensitivity of the 
silicon detector for channel PLO1 which has an electronic 
threshold of 26-31 keV, yields an average sensitivity €,~ 
2.38% /keV, and for channel PLO2 ë, =0.8%/keV (E = 31- 
60 keV). The detection process for energetic neutral particles is 
the same as for charged particles: the neutrals become ionized 
when they hit the detector surface and deposit their energy 
through ionization energy loss in the detector. 
The energy thresholds for neutral or charged particles are: 


PLO: 40-53 keV (e ~ 0.4) 
PLO2: 53-85 keV (e = 1) 
PLO3: 85-139 keV (e = 1) 


Figure 1 shows the trajectory of Voyager 1 for days 307-330, 
1980 and the viewing directions of the eight sectors of the 
instrument. It can be seen that X rays and energetic neutrals 
escaping from the magnetosphere should appear in sector 5. 
Encounter of the bowshock’ occurred at ~23 : 26 UT on day 316 
(11 November 1980), thus the days before 316 can be used for 
our study. Criteria for the identification of neutral radiation 
during the pre-encounter phase (Fig. 1 and Kirsch et al. unpub- 
lished data) can be summarized as follows: 
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Fig. 1 Projection of the Voyager 1 trajectory on the ecliptic plane (days 

307-330, 1980). Indicated are the eight viewing directions of the experi- 
ment. Sector 8 is permanently blocked by an aluminum shield. 
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Day of year 1980 


Fig. 2 Scan-averaged measurements of the ion channels PLOL and PLO 
for days 298-316, 1980. Interplanetary particle acceleration by Corotating 
Interaction Regions (CIR) are evident beginning on days 302 and 308. 


(1) The interplanetary magnetic field must be nearly perpendi- 
cular to the Saturn-Sun line (in the nominal direction) to exclude 
charged particles escaping from the planet. 

(2) The pre-encounter measurements must not be disturbed by 
solar particles or particles accelerated in corotating structures 
(CIR) in the interplanetary medium. 

(3) Statistically significant enhancements above normal back- 
ground must appear in the sector which is pointing towards the 
planet. 

(4) The energy spectrum measured within the sector pointing 
towards the planet should exhibit differences from spectra 
measured in the other sectors. 

(5) The additional flux (after subtracting background) must 
show a 1/R? dependence (R distance from the planet). 

The magnetometer data (ref. 10 and N. F. Ness, personal 
communication) show the interplanetary magnetic field direc- 
tion to be almost perpendicular to the Saturn~Sun line, which 
satisfies criterion (1). To investigate the remaining criteria we 
show in Fig. 2 the scan-averaged particle measurements for days 
298-314. Days 298-300 show the lowest count rates, which are 
probably due to penetrating galactic cosmic rays. Days 301-305 
and 308-311 must be excluded due to the presence of ions 
associated with typical CIRs (see criterion (2)). On days 313- 
314 aslight increase was observed which is probably due to solar 
particles. Thus, we shall examine days 298-300, 306-307, 
312-316 (~07:00 UT) in the context of criteria (3)-(5) for the 
presence of neutral radiation. 


Observations 


Figure 3a shows the sector count rates of channels PLO1, 2, 3for 
the selected days and the net flux (AP) for these channels after 
the galactic cosmic-ray background was subtracted. Figure 3b 
shows the count rate ratios before, and Fig. 3c after, subtraction 
of the galactic background flux (average of days 298, 299 and 
300 has been used as galactic background). From day 312 
onward sector 5 shows an increase in comparison with the 
neighbouring sectors which is ~4 times the statistical error, 
However, similar peaks exist in sector 1 throughout this period, 
and in sector 7 from day 313 onwards. Because both of these 
sectors are generally viewing the solar direction (Fig. 1), we 
attribute their response to low level fluxes of energetic solar~ 
interplanetary particles. The solar background complicates:our 
detection method. As pointed out in Fig. 1, sector 8 is an 
experiment calibration sector and cannot be used for further 
diagnostics of the solar particle contribution. Enhanced fluxes in 
sector 1 for channels PLO2, 3 are most likely produced by the 
Ex®B drift. The enhanced rate in PLO1, sector 1, is due to 
residual sensitivity to solar X rays, as the Sun was viewed by this 
sector at this time. 

A clue to the identity of the observed fluxes can be obtained 
by examining the directional energy spectra through the channel 
ratios. It is evident from the channel ratios presented in Fig. 35 
(background included) and especially Fig. 3c (background 
subtracted) that the additional flux counted in sector 5 has a 
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Fig. 3 a, Sector-averaged measurements for the days indicated for chan- 
nels PLO, 2,3. APLO, 2,3 indicates that the galactic background is subtracted. 
The bars on sector 5 represent 3 times the statistical error. b, The count rate 
ratios PLO1/PLO2, PLO1/PLO3. c, APLO1/APL02, APLO1/APLO3 (after 
background subtraction) show that sector 5 measured an additional flux 
which has a softer spectrum than the flux in neighbouring sectors. 


softer spectrum than the flux of the neighboring sectors. As 
sectors 6, 7, 1, 2 and probably 3 are most likely to contain 
interplanetary particles, we compare sector 5 to only sector 4, in 
an attempt to estimate the additional flux in 5, as follows: 


AP, 23 =[(Ss— S4) — (Sqs— Sqs)hi23 (1) 


where $5.4 are sector count rates and Sqs, Sq, the quiet time 
sector rates averaged over days 298, 299 and 300. The excess 
count rates obtained by use of equation (1) are then normalized 
by multiplication with (R/45 R;)* and listed in Table 1. The 
statistical errors have been calculated as 


(81,23) = (85) + (855) + (654a) + (8S45)"}"/? (2) 





where 


E= E Sil y 3) 
eS Sige NASR n 

with n = 1 to 5 representing days 312 to 316, 1980, and 5Sqs, 
ôSqs are the statistical errors of the quiet days average 298, 299 
and 300. The errors in the count rate ratios in Fig, 3b,c shown for 
each day were calculated using an equation similar to equation 
(2). Table 1 contains the normalized count rates AP, 23, the 
corresponding fluxes and the statistical errors calculated with 
equation (2). Note that the r.m.s. scatter in the rates for AP, is 
larger than the statistical error, and is likely to be due to time 
variations in this softest part of the spectrum. 

The averaged excess count rates in sector 5 shown in Table 1 
are statistically significant. The additional counts could be due 
to planetary or ring X rays, energetic neutrals and/or inter- 
planetary charged particles reflected off the bow shock, so that 
only upper limits for the neutral radiation can be derived. The 
averaged X-ray flux jx can be calculated from the count rate by 


— AP 23 
Ix AexAEx 


where A is detector area, ex is X-ray efficiency and AE, is the 
electronic channel width. Similarly, the neutral particle flux jn 


(4) 
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Fig.4 Differential energy spectrum of the excess radiation, on the assump- 
tion that the detector response is due to energetic neutral hydrogen 
(Table 1). 


can be calculated from equation (4), but using the appropriate 
values for e and AE. The results, normalized to a distance of 
45 Rs from the planet, are included in Table 1. 


- Discussion 


The significance of the fluxes listed in Table 1 must be examined 
in the context of processes known or expected to take place in 
the vicinity of Saturn. Production of X rays can occur in auroral 
processes recently observed to take place at Saturn'’ over a 
relatively narrow range in latitude, 78°-81.5°, If the electron 
precipitation takes place over the area of the observed UV 
signature (A ~ 10"? cm’, that is, 2% of the surface), then the 
emitted photon flux at the source is given by 


. 2 
Ke jx47R° AE 
A 
with AE ~7 keV, R =45 Rs. The corresponding electron flux 


= 3.4.x 10° photons cm™* §7? (5) 





Table 1 Excess rates, fluxes in sector 5 (normalized to 45 Rs) 





Day 
(normalization)* AP,(c.p.s.) AP,(c.p.s.) AP,(c.p.s.) 
312 (8.1) 7.89x 107? 1.66107? 75x 1077 
313 (5.44) 7.38% 1077 1.6910"! 
314 (3.4) 4.16x107 1.38x10"! 2.4% 1077 
315 (1.78) 2.80107? 0.79 x 107? 2.1.x 107% 
316 (1.0) 3.43 x 10°? 0.76 x 107! 2.8% 10°? 
Avet 0.051+0.008  0.126+0.014 0.364 0.012 
(ep.s) lo 
Flux 0.64£0.1 1.5740.18 0.46+0.15 
(counts em~? 57!) 
jx(photons cm? 5.4£0.9 6.140.7 
sl keV7') 
ilem? s keV)"! 0.12 +0.02 0.05 +0.01 0.008 + 0.003 
Energy range (keV) 
X rays 26-31 31-63 63-121 
Neutrals/charged 40-53 53-85 85-139 


* Factors in parentheses are obtained from (R/45 R,)* and are used to normal- 
ize the excess rate to 45 R. 
+ Averages normalized to 45 Rg. 
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precipitating into the atmosphere can be estimated by ue? a 
conversion efficiency of ~2 x 107° Photons per electron” 
find J ~ 1.710"! electrons cm™? s™' which is some 10° ees 
than the maximum fluxes meme by the LECP experiment 
within the magnetosphere of the planet'’. Hence, we conclude 
that the observed upper limit, if interpreted in terms of X rays, 
cannot be reasonably related to precipitating magnetospheric 
electrons. The same conclusion is reached even if precipitation is 
assumed to occur over the entire visible hemisphere. 

Another possible X-ray source is the interaction of radiation 
belt electrons with the rings of Saturn, which extend out to 
~2.5 Rs. The surface area of the rings on the sunlit side is 


S = (2.5 Rs)’ — (1 Rs)’ 7 = 6X 107 cm? (6) 


If we assume ~1% of the area to be filled with matter, the 
estimated X-ray production in the rings in the energy range 
31-63 keV (PL02), is 


6.1 x 42r(43 Rs)? x 32 
6x10" 


The corresponding electron precipitation is ~1.4 x 10’? cm 
s™!, again ~10* larger than the maximum flux measured by the 
same instrument in the magnetosphere with this channel’*. Note 
that there is a sharp cutoff in particle fluxes at the edge of ring A, 
as shown by Pioneer 11**. 

The Voyager 1 UV experiment’! found that Saturn is sur- 
rounded by a torus of neutral hydrogen with a concentration 
ny 10cm~>. The torus extends from ~25 Rs to ~8 Rs and its 
thickness could be ~6 Rs. Thus charge exchange processes 
between radiation belt protons and the neutral hydrogen 
concentration can be expected. For a flux estimation we use the 
cross-sections given by Tinsley. The product ov (cross- 
section X velocity of the particles) is as follows for the lowest 
three channels 





x = 


= 7 -2 a~ 
=2.7 x10" photons cm™ s (7) 


~2 


PLO1: (40-53 keV): ovi=3x10%cm*s”! 
PLO2: (53-85 keV): ov =1.4x 107% cm*s™ 
PLO3: (85-139 keV): ovg=3x107% cem?’ s~ 


The lifetime against charge exchange is then 


PLOL: 7, =(npov) ' =(10x3 x 107°)! = 3.33 x 10°s 
PLO2: r= (nuov) =(10x1.4x 107%)? =7.14x 10°s 
PLO3: r= (nyot) ? = (10x 3x 107°)! = 3.33 x 10's 


The LECP instrument measured an average density outside the 
orbit of Rhea at E = 40 keV of ~5 x 107* cm” (ref. 13). Taking 
the neutral hydrogen cloud volume of ~2 x 10°? cm? (ref. 11) we 
can estimate the total energetic ion content as 
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N=nV =5x107% cm? x2x 10" om’ = 10" 
The total energetic neutral particle production is given by 


V 10" 
=M = y = 10°" neutrals s 
r 10’ 
The loss rate may be obtained by estimating the total surface 
area of the neutral hydrogen disk, 


A= 2af(25 Rs)? -(8 Rs) = 1.3% 10" cm” 
Thus energetic (E = 40 keV) neutrais are lost at a rate 
N 10% J 
apao o™ 
The flux at 45 Rs would be decreased by a factor ~ (20/457 = 
0.2, that is, N/A would be ~1.6cm™’s"! 

We now need to compare the expected flux at 45 R, with the 
observations as summarized in Table 1. The differential flux 
from Table 1 has been plotted in Fig. 4; the form of the spectrum 
can be described by a power law of the form E” with y ~ 2.4. 
To obtain the total flux we evaluate the integral 


mt 


1 


rf KE“ dE 
40 keV 


and find J~4.3cm™s"'. This value compares well with the 
expected value of ~1.6 cm™’ s”' derived above. 

We have demonstrated the existence of radiation above the 
detector background emanating from the vicinity of Saturn, 
upstream from the bow shock. The excess counts are most 
plausibly attributed to neutral radiation, that is, X rays and/or 
neutral energetic particles. Estimatesof the number of energetic 
electrons necessary to produce the observed counts by pre- 
cipitation in either the saturnian aurcral regions or the rings are 
too high by factors ~10*-10* over electron intensities observed 
within the magnetosphere of Saturn. Thus the observed excess 
counts are probably not due to X rays even if satellite surfaces 
are considered as possible X ray sources. We conclude that 
charge exchange of energetic ions with satellite tori is an 
important loss mechanism at Saturn as well as at Jupiter”. 
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Topology of Saturn’s main magnetic field 
M. H. Acuña, J. E. P. Connerney & N. F. Ness 
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The Voyager 1 magnetic field observations at Saturn confirm the principally dipolar topology of the planetary magnetic field 
and suggest the need for more general models which incorporate non-potential field sources external to the planet and within 


the planetary magnetosphere. 





THE close flyby of Saturn at 3.07 Rs (1 Rs = 60,330 km) by 
Voyager 1 in November 1980 provided a second opportunity to 
study in situ the intrinsic planetary magnetic field. The first 
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detection of the Saturnian field was accomplished by experi- 
ments aboard Pioneer 11 during its close flyby of Saturn 
at 1.35Rs in ca aes 1979'*. The most surprising 
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characteristic derived from these magnetic field measurements 
was the near-alignment of the magnetic axis with the rotational 
axis of the planet. A small but nor-zero axial displacement with 
respect to the planet's centre was also obtained. These features 
and the purely dipolar nature of the planetary field have 
significant implications for the general problem of the genera- 
tion of magnetic fields by massive rotating objects. 

The detection of Saturn at kilometric and hectometric 
wavelengths by the Voyager planetary radio astronomy 
experiment and identification of periodicities at 10:66 indicate 
that emissions originate from a restricted range of planet- 
centred longitudes”. This constitutes a paradox in terms of what 
would be intuitively expected from an axisymmetrical magnetic 
field, assuming that the emissions originate near the feet of the 
field lines. A more detailed analysis of the data obtained by 
Voyager 1 during its encounter with Saturn is presented here, 
with the emphasis on the uncertainties associated with the 
determination of model parameters describing the main 
magnetic field. The results of a preliminary analysis® use data 
available immediately after the time of the encounter. Since 
then determinations of spacecraft attitude, position and align- 
ment of the magnetometer sensors with respect to the main body 
of the spacecraft have been made, which can have a direct 
impact on the models derived from the observations. The 
independent results obtained from Voyager 1 allow a more 
general interpretation of Pioneer 11 observations and provide 
an insight into the phenomena taking place in the saturnian 
magnetosphere. 

The flyby trajectories for Pioneer 11 and Voyager 1 were such 
that different ranges of planet-centred latitudes, longitudes and 
corresponding radial distances were sampled during each 
encounter. These characteristics are illustrated in Fig. 1 where 
the sub-spacecraft latitude and longitude for each trajectory 
during the closest approach phase are shown. The planetocen- 
tric radial distance to each spacecraft is indicated as well as the 
spacecraft event time (SCET) for Voyager 1. Figure 1 shows that 
the Pioneer 11 trajectory is largely equatorial, remaining within 
+6° of the planetographic equator for r<8 Rs. 

In contrast, Voyager 1 approached Saturn from the south, 
reaching a maximum latitude of —41° at a radial distance of 
3.14 Rs just before periapsis at 3.07 Rs. Voyager 1 crossed 
Saturn’s equatorial plane into the northern hemisphere at 
6.3 Rs while outbound from periapsis. The larger latitude 
coverage of Voyager 1 is important to the modelling process, 
primarily because it allows a more accurate determination of 
hemispherical asymmetries, such as the polar offset derived 
from the Pioneer measurements**. Note also in Fig. 1 the 
narrow range of planet centred longitudes sampled by Pioneer 
11 inside 6 Rs (~120°). Voyager 1, in addition to the greater 
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Fig.1 The close flyby trajectories of Voyager 1 (solid line) and Pioneer 11 

(dashed line) in Kronographic coordinates. The locus of sub-spacecraft 

points in SLS-longitude and latituce is shown. Voyager 1 crossed the 

equatorial plane from north to south at 20 Rs, reaching a maximum latitude 

of ~-40°. In contrast the Pioneer 11 trajectory remained within +6° of the 
equator. SCET, spacecraft event time. 


latitude coverage, extends this range to ~135°, although it 
remains entirely in the southern hemisphere within the same 
radial distance range. 

The analysis of magnetic field observations along a spacecraft 
flyby trajectory has been described elsewhere and presents 
several problems related to the uniqueness and uncertainties of 
parameters in the mathematical models derived from the 
measurements’. The usual assumption made is that the 
observations are performed in a region that is current-free, that 
is, external (or internal) to the sources of the measured magnetic 
field (Vx B = uoJ =0). In these conditions, the field can be 
represented as the gradient of a scalar potential function V, as 
B = -V V, The scalar potential has traditionally been represen- 
ted by means of spherical harmonic functions with suitably 
normalized coefficients’. Two potential functions are normally 
used, one representing sources which reside in the interior of the 
planet and a second one which accounts for sources outside the 
region where the measurements are obtained. This approach 
was used in the preliminary report on the Voyager 1 magnetic 
field observations at Saturn‘, The condition of V x B = pod = Ois 
reasonably well satisfied within the radial range R < 6Rs. 48-s 
averages of magnetic field data were used to derive a least- 
squares model fit to the observations using an interior, centred, 
tilted dipole and an exterior uniform field (11E1 spherical 
harmonic model with internal and external components both 
first order). These results yielded the Schmidt normalized 
coefficients reported by Ness et alf, that is: g? =0.209G, 
gi = 0.00220 G, hi = 0.00124 G; external G? = -8.8 x107% G, 
Gi =-4,2x 107° Gand Hi =3.3x 107° G. These results agree 
well with those reported by the Pioneer 11 investigators’. With 
respect to the dipole displacement from the centre of the planet, 
the preliminary Voyager 1 studies placed an upper limit of 
0.02 Rs to any possible offset. The most significant new results 
were that the 0.04 Rs northward offset derived from the Pioneer 
11 measurements is not reproduced in the Voyager 1 models, 
and that a definite dipole tilt of ~0.7° at a SLS"' longitude of 
331° was obtained, Note, however, the assumptions made in the 
model: current-free observations as well as a uniform external 
field. 

Additional studies of the magnetic field data obtained during 
the traverse of the middle magnetosphere of Saturn (6 Rs = R = 
16 Rs) have led Connerney et al.* to conclude that Saturn is 
surrounded by an eastward-flowing ring current which extends 
from 8.5 to 15.5 Rs in the equatorial plane and with a total 
thickness of ~ 5Rs. The current density in this sheet decreases 
proportionally to distance from the planet and is an order of 
magnitude smaller than that found at Jupiter. A more realistic 
magnetic field model for the analysis of Saturn’s main field in 
which the distributed ring currents are explicitly modelled is 
constructed as follows: an 11E1 model is first least-squares fitted 
to the observations obtained within ~6 Rs of close approach. 
These internal field parameters constitute a first approximation 
to Saturn’s main field: the external terms (uniform field) 
approximate the field due to magnetospheric currents. The 
internal field is then subtracted from observations obtained 
within ~30 Rs and the resulting external field is modelled in 
terms of an azimuthal ring current. The (solenoidal) field of the 
ring currents is then adopted as a more accurate external field 
representation, and assumed in a least-squares fit to determine 
new internal field coefficients (I1E0). 

This procedure does not necessarily converge to a unique set 
of model parameters and each iteration step must be guided by 
appropriate physical constraints as well as results from cor- 
relative investigations. The results of such a study are given in 
Table 1. As done previously, 48 s-averaged field values obtained 
for R <8Rs have been used. Two weighting schemes have been 
used, one in which uniform weights are attached to the 
measurements (œw = 1) and a second one in which the weights 
have been chosen inversely proportional to the magnitude of the 
measured field (wœ [0.01 x |B|] *). The first is appropriate for 
observations assuming a uniform (random) noise level and the 
second for observations assuming a noise component which is 
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Tabie 1 Saturn's magnetic field models from Voyager 1 observations 
Case 1 2 3 4 5 
Parameter I1E1* I1E1 11+ Ring curr.t I1E1 11+ Ring curr.t 

N 20,900 21,121 20,926 20,940 20,966 
r (aT) 220 324 401 230 176 
\ 124 43 152 170 191 
-8.8 -11 = -9 = 
Gy (oT) 4.2 -1 — -3 _ 

i 33 -1 — 1 — 
rms. residual (nT) 2.7 20 1.9 2.7 2.8 
Dipole tlt, fp 0.7° 0.89° 1.17 0.78 0.92" 
Longitude, Ap [SLS] 331° 352° 339° 324° 325° 
Radial distance range of data <6R, <8R, <BR; <5R, <8R, 
Weights 1 (ol1xay LoixBy? 1 1 
* Ref. 6. 


t Ring current model of Connerney a al? 

proportional to the local field magnitude’. The derived tilt 
angles and longitude of the tilt are also indicated in Table 1. The 
r.m.s. of the residuals of the model fits show that all these models 
fit the observations very well. As discussed by Ness et alé, 
second-order (quadrupole) models do not provide a significant 
reduction in the residuals. The implication of this is that the 
derived offset of the dipole from the centre of the planet is small 
and consistent with zero to the level that can be ascertained from 
the magnetic fleld measurements alone. Note from Table 1 that 
models incorporating the fleld due to the ring current explicitly, 
rather than the I1E1 models which represent this field as 
uniform, do not provide a significant reduction in the r.m.s. of 
the residuals. This is due to the model residuals being dominated 
by a localized and presumably non-potential feature unrelated 
to the ring current or internal fleld. 

We now illustrate the residuals in the three orthogonal fleld 
components, ABg, ABe AB, after the internal field model plus 
that due to the modelled ring current are subtracted from the 
observations. This is shown in Fig. 2 for case 5 in Table 1. This 
particular model was chosen primarily for convenience. In 
general, the magnitude of the residuals is small, <10 nT. Some 
still unresolved engineering and attitude determination prob- 
lems are evident in Fig. 2. The ‘disturbance’ at 00:43 UT and 
extending until ~01:00 is associated with a spacecraft roll 
manoeuvre and the lack of sufficlently accurate knowledge of 
spacecraft and therefore magnetometer sensor orientation dur- 
ing the manoeuvre. The sensor alignment with respect to the 

reference axis was determined by means of an 
onboard calibration coil’ and the analysis of spacecraft mano- 
cuvres in steady-state fields during both cruise and planetary 
encounters at Jupiter and Saturn. This orientation is known to 
better than +0,2°, Also evident in Fig. 2 are small discontinuities 
associated with instrument range changes, the updating and 
interpolation of spacecraft attitude matrices and analogue-to- 
digital converter digitization uncertainties. In addition, the 
spacecraft limit cycle (+0.06°), which is unmodelled, contributes 
ie observed noise where the ambient field is large (1 nT in 
10° nT), 

The largest contribution to the residuals occurs between 
21:00 on day 317 and 05:00 on day 318, particularly in the 
radial component, ABR. An additional feature can be seen 
superimposed on AB, and AB, curves occurring between 22:30 
on day 317 and 01:00 on day 318. This quasi-abrupt enhance- 
ment of the residuals seems to be associated with a magnetos- 
pheric current system quite distinct from the azimuthal current 
system already modelled. This feature was observed as Voyager 
1 passed through the dusk sector of Saturn’s magnetosphere, 
nearly coincident with closest approach. In planetocentric 
coordinates, the spacecraft was moving primarily in latitude at 
this time (Fig. 1), actually reversing momentarily its westward 
motion, as viewed from Saturn. 

The residuals of internal magnetic fleld models are dominated 
by a highly correlated, very localized and presumably non- 
potential feld contribution near periapsis. Thus the current 
representations of the fleld are not sufficient to describe the 
observed fleld to better than 10 nT. This includes models expli- 
citly incorporating distributed azimuthal currents as well as 


potential field models. Note that the residuals illustrated in Fig. 
2 are evidence of local currents but the plotted fleld components 
are not the magnetic field signature of such currents. The plotted 
residuals are only that part of the observed field that cannot be 
expressed with the limited models available. Certainly some part 
of the fleld contributed by local currents has been absorbed by 
the internal field coefficients and therefore does not appear in 
the residual plot. The problem of separating the different 
contributions to the observed field due to the planetary field, the 
ring current, and the other local currents is the primary chal- 
lenge to be met in obtaining better estimates of Saturn’s internal 
field. To do so requires a model of the inner magnetosphere in 
which the very localized currents are explicitly taken into 
account. 

Several model current systems that might be expected on 
physical grounds to be active in this region of Saturn’s 
magnetosphere are being considered. For example: (1) field- 
aligned currents associated with the interaction of Saturn’s 
corotating magnetosphere with a satellite, or particle ring, 
reminiscent of the currents linking Jupiter and its satellite Io, as 
observed by Voyager 1'*. The most promising candidates here 
seem to be the E-ring and the satellite Dione. Voyager passed 
~20,000 km north of the field line linking Dione at ~00: 10, day 
318, as it traversed the dusk sector. (2) A dawn—dusk system of 
Birkeland currents driven by the solar wind-induced asym- 
metry. (3) A system of Birkeland currents driven by a non- 
azimuthally symmetric torus or an as yet unidentified surface 
magnetic anomaly similar to that proposed for Jupiter’, An 
enhancement of high energy (1-2 keV) electron fluxes observed 
by the Voyager 1 plasma experiment in the dusk sector, 
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concomitant with the magnetic field signature, has been 
described by Sittler er al'®, As additional correlative obser- 
vations become available, we hope to offer a more detailed 
model. 

Of the models in Table 1, cases 2 and 3, derived using weights 
inversely proportional to the local field magnitude, minimize the 
effect of the localized current system encountered near periap- 
sis. This unmodelled 10-nT perturbation is less likely to affect 
significantly the internal field coefficients in the weighted least- 
squares fits compared with the unweighted cases, as larger errors 
are tolerated in higher fields. Case 3 in Table 1 is regarded as 
best representing the global characteristics of the saturnian field, 
as deduced from Voyager 1 observations alone. 

To estimate model parameter uncertainties we need to assess 
the impact on the internal field coefficients of the unmodelled 
current system. Lacking a detailed model, we can estimate the 
parameter uncertainties by comparing models relatively 
unaffected by the currents (weighted fits) with those that are 
more strongly dependent on the residuals near closest approach 
(unweighted fits). Such a comparison suggests a dipole moment 
of 0.21+0.005 G — R3, tilted 1.0+0.3° towards an SLS longi- 
tude of 340° + 20°. The northward displacement of the dipole by 
0.04 Rs deduced from the Pioneer 11 observations is not 
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substantiated by the Voyager 1 observations, although we must 
take into account that the near-equatorial trajectory of Pioneer 
11 was poorly suited for detecting hemispherical asymmetries. 
Voyager 2 will fly by Saturn in August 1981; its close encounter 
trajectory will provide a latitude coverage of ~ +30° within 8 Rs 
and facilitate a more accurate estimate of a possible dipole polar 
offset. 

Certain aspects of Saturn’s main magnetic field relevant to the 
planet’s interior have been discussed by Stevenson'’. In parti- 
cular, the unexpectedly small dipole moment seems to be 
consistent with the gravitational settling of helium, which leads 
to a much smaller electrically conducting and convecting region 
than would be expected of a homogeneous distribution of 
hydrogen and helium. The IR studies by Voyager 1 have 
demonstrated such an atmospheric depletion of helium, obtain- 
ing an 11% helium mass fraction at Saturn as compared with the 
19% observed at Jupiter and expected on a cosmochemical 
basis'®. The near alignment of Saturn’s magnetic and rotational 
axes is likewise consistent with the differential rotation of the 
conducting core in Stevenson’s model of Saturn’s interior”. 

We thank our colleagues on the Voyager team, especially J. 
Scudder and E. Sittler of the plasma experiment for helpful 
discussions. We also thank R. Thompson and F. Ottens for the 
analysis of these data. 
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The Voyager 1 magnetic field observations at Saturn reveal an equatorial system of (eastward) azimuthal currents, very 
similar in certain respects to that responsible for the jovian magnetodisk. 





IN November 1980, Voyager 1 became the second spacecraft to 
obtain in situ observations of the magnetosphere of Saturn: little 
more than a year earlier, the Pioneer 11 spacecraft returned the 
first evidence of Saturn’s magnetosphere. Analyses of the 
Pioneer 11 magnetic field observations’? revealed a dipolar 
planetary magnetic field of moment 0.21 G — R3, rather less 
than that expected on the basis of scaling laws’*. [The units 
G-R§ are dimensionally equivalent to standard units of 
magnetic dipole moment, the numerical value having been 
divided by the cube of the planetary radius. ] More surprising was 
the near alignment of Saturn’s rotational and magnetic dipole 
axes, a unique characteristic among the known planetary 
dynamos and therefore of central interest in dynamo theory’. A 
preliminary estimate of 0.7° angular separation of Saturn’s 
rotational and magnetic dipole axes has recently been derived 
from the Voyager 1 magnetic field observations’. 

Saturn’s lack of an appreciable dipole tilt results in an obser- 
vational limitation insofar as studies of magnetospheric 
phenomena in situ by spacecraft are involved. Figure 1 shows 
the trajectories of each spacecraft to encounter Saturn (Pioneer 
11 (P11) in September 1979; Voyager 1 (V1) in November 
1980: and Voyager 2 (V2) in August 1981) in a cylindrical (p, z) 
planet centred coordinate systema, which in this case is practically 
identical to the magnetic equatorial coordinate system, Each 
spacecraft remains essentially at constant magnetic latitude for a 
large percentage of the encounter, with only one (V2) or two 
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(V1, P11) crossings of the magnetic equator. Particularly 
evident is the rather singular nature of Pioneer 11’s trajectory, 
which traced a nearly identical path outbound from periapsis as 
inbound. In contrast to the periodic variations in the magnetic 
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Fig.1 Trajectories of Pioneer 11, Voyager 1 and Voyager 2 at Saturn in a 

cylindrical planetocentric equatorial coordinate system. Positions of the 

major satellites and rings are indicated; satellite diameters are exaggerated 

by a factor of 10. Stippled region is the region of (model) distributed currents 
in Saturn's magnetosphere. 
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field and charged particle environment observed in Jupiter's 
magnetosphere concomitant with the regular variation of 
magnetic latitude due to that planet’s rotation and dipole tilt 
(9.6°), at Saturn, the observations reflect more the systematic 
co-variation of p and z. 

The Voyager 1 magnetic field observations at Saturn are 
shown in Fig. 2, in which the magnitude of the observed 
magnetic field is compared with that of a 0.21 G— R$ centred 
dipole. The departure from a dipole is noticeable during the 
approach to periapsis at radial distances exceeding ~8 Rs, 
whereas outbound the differences are noticeable at radial dis- 
tances in excess of ~5Rs. The observed field magnitude is 
appreciably less than that of the model dipole at small radial 
distances (p < ~10Rs) and greater than the model dipole in the 
more distant magnetosphere. These characteristics can be 
understood by introducing a model current system similar to 
that originally applied to observations of the jovian - 
magnetodisk’. In this model, large-scale azimuthal currents flow 
eastward in an annular disk extending from 8.5 Rs to 15.5 Rsin 
Saturn’s equatorial plane. The current is distributed uniformly 
n Z over the total disk thickness of 5Rs and decreases with 
radial distance from Saturn as 1/p. The physical dimensions of 
this annulus roughly correspond to those of the ‘extended 
plasma sheet’ observed by the Voyager 1 plasma experiment’. 
Because the radial extent of the disk, 7 Rs, is almost equal to the 
thickness, and considering the radial decrease in model current 
density, we refer to this phenomenon as a ring current rather 
than a magnetodisk to distinguish it from the more two-dimen- 
sional geometry of the jovian azimuthal currents. The model 
illustrated in Fig. 2 has a current density of ~0.3 x 10° A/R§ 
(~0.1 mA km~?) at the inner edge of the annulus, decreasing to 
~0.15 x 10° A/R at its outer edge. These current densities are 
about an order of magnitude less than those observed at Jupiter. 

The derived model is a result of a vector fit to the Voyager 
observations and self-consistently satisfies both of the observed 
radial and vertical field components. The magnetic field of this 
equatorial system of currents is largely solenoidal. The near axis 
field is essentially vertical and oppositely directed to Saturn’s 
(equatorial) main field; at larger distances the two add. Above 
the plane of symmetry of the distributed current system, the 
radia] field is positive outward and below the equator, positive 
inward, increasing approximately linearly with distance, Z, from 
the equatorial plane for Z < D. Thus the field lines are radially 
stretched in a manner reminiscent of the stretching or drawing 
out of field lines in the near equatorial regions of the jovian 
magnetodisk. 

The total azimuthal current, and the distribution of the cur- 
rent in Å, is inferred from the radial dependence of the external 
vertical field component. The external field is estimated by 
subtracting from the observations a best-fitting dipolar 
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(0.21 G — R$) internal field. The distribution of that current in 2 
is inferred from the variation of the radial component of the 
external field. While the Voyager trajectory at Saturn did not 
permit numerous traversals of the current-carrying region as at 
Jupiter, it did provide observations within the distributed cur- 
rents sufficient to allow the localization of source currents in 
Saturn’s magnetosphere. An earlier model, characterized by 
currents confined to an annular disk of radial extent 8-16 Rs, 
with a total thickness of 4Rg, fits the observations about as well if 
the current density is increased such that the linear current 
density in Saturn’s equatorial plane remains unchanged. 

The near-axis field of the azimuthal currents is ~10 nT, which 
agrees well with the external field inferred from spherical 
harmonic analysis“? of the Voyager 1 encounter observations. 
The field of this model current system reaches a maximum 
(12.5 nT) along the trajectory as Voyager 1 approaches the 
inner edge of the annulus at hour 6, day 318 while outbound 
from periapsis. The field enhancement observed as Voyager 1 
approached the outer edge of the annulus at 15.5 R; while 
inbound to periapsis is understood as an edge effect. The lack of 
such a localized enhancement of the modelled field during the 
outbound traversal is a simple consequence of Voyager Ts 
higher latitude at this time. Beyond 15 Rs outbound the dis- 
crepancy between the model field and the observations grows as 
the contribution of unmodelled cross-tail currents” to the total 
field grows. 

A model of Saturn’s magnetosphere, constructed by super- 
position of the dipolar 0.21 G — Rg internal field and that of the 
model ring currents, is compared ir Fig. 3 with a dipolar 
magnetic field. The radial stretching of field lines in the equa- 
torial plane and the non-dipolar nature of the model field is 
evident at radial distances exceeding 5 Rs. The global character 
of the field due to the azimuthal currents ensures a departure 
from a dipolar magnetic field configuration at high latitudes as 
well. This axisymmetric model magnetosphere neglects the 





Table 1 Times at which Voyager 1 encountered field lines which pass through the 
equator at a radial distance occupied by a known absorber 





Radial (Nearest minute) 
Feature distance Model MS Dipole 

Inbound Day h min h min 

Rhea 8.75 317 17 26 17 7 

Dione 6.28 317 20 32 20 i? 

E Ring Outer Edge 5.0 318 9 7 0 2 

Tethys 4.92 318 0 i 0 z 
Outbound 

Tethys 4.92 318 z 45 2 46 

E Ring Outer Edge. 4.0 318 2 s32 2 33 

Dione 6.28 318 4 18 4 ig 

Rhea 8.75 318 6 26 6 35 
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Fig.3 Meridian plane projection of magnetosphere field lines for a dipolar 

field model (dashed) and a model containing a dipole and distributed ring 

currents (solid) discussed in the text. Field lines are drawn for 2° increments 

in co-latitude. Positions of the major satellites Mimas, Enceladus, Tethys, 
Dione, and Rhea are as in Fig. 1. 


contribution of magnetopause and tail current systems driven by 
the solar wind interaction which become non-negligible in the 
more distant magnetosphere (R > 15 Rs). 

Saturn's ring current has important implications for charged- 
particle motion in Saturn’s magnetosphere, particularly the 
absorption of trapped radiation by its many satellites and rings. 
Satellite absorption is conceptually simple: all charged particles 
that, in the course of their mirroring or latitudinal bounce 
motion, intersect an absorber are removed from the local parti- 
cle population. In practice, charged particle absorption signa- 
tures associated with satellite sweeping are energy and species 
dependent, reflecting particle drift motion and finite gyroradius 
effects as well as particle diffusion. Thus, a complete description 
of charged particle motion relevant to satellite absorption 
requires a knowledge of the magnetic field line geometry and 
field gradient and curvature drifts over the particle’s bounce 
path. 

The absorption signature observed by the Voyager 1 cosmic 
ray experiment’? near the orbital position of Rhea illustrates 
well the effects of Saturn’s ring current on charged particle 
trajectories. Indeed, the premature occurrence of the absorp- 
tion signature observed by Voyager 1 outbound in the vicinity of 
Rhea was cited as evidence of non-dipolar deformations of 
Saturn’s post-midnight magnetosphere’. Given the model 
magnetosphere deduced from the magnetic field observations, 
we have traced field lines from the Voyager trajectory to the 
equatorial plane to arrive at the results presented in Table 1, 
times at which Voyager 1 encountered field lines which pass 
through the equator at a radial distance occupied by a known 
absorber. Also listed are the corresponding times assuming a 
dipolar model magnetosphere. The actual time at which the 
Rhea absorption signature was observed was ~06: 25, day 318, 
which agrees very well with the model results presented here and 
~10 min before that expected in a dipolar field. 

The Rhea absorption signature was observed while Voyager 1 
passed ~4° east of Rhea’s orbital position. Magnetospheric 
plasma corotates from Rhea to Voyager 1 in ~7 min; in the 
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corotating reference frame protons drift eastward, in the coro- 
tational direction, and electrons drift westward. Observation of 
an absorption signature in the 0.6-MeV electron data’! was 
interpreted as evidence that the detector was responding to 
lower energy electrons, as electrons of energy >0.57 MeV (60° 
pitch angles) have drifted sufficiently in a dipole field that they 
trail Rhea in its orbit about Saturn. While we have not per- 
formed the required bounce-averaged gradient and curvature 
drift computation using our model field, we note that in the 
vicinity of Rhea’s orbit Saturn’s magnetosphere is sufficiently 
non-dipolar so as to cast doubt on longitudinal drifts computed 
with a dipolar field. The equatorial field gradient at Rhea’s 
orbital distance is only ~0.6 that of a dipole field, and the local 
field magnitude is also ~0.66 that of a 0.21 G-—Ré dipole. 
Particles of a particular energy with 90° pitch angles will thus 
drift with ~50% greater velocity than identical particles in a 
dipole field. In addition, the variation of the longitudinal drift 
rate with pitch angle is greater in the ring current model field 
than in a purely dipole field. Finally, we note that pitch angles 
derived assuming a dipole field geometry can be substantially in 
error (~20°) in the region of the magnetosphere where the Rhea 
absorption feature was observed. We conclude that in the 
cosmic ray experiments the 0,6 MeV detector may well have 
been responding to electrons with energies >0.6 MeV, as 
designed, and not to electrons below the nominal detection 
threshold of that instrument. 

The total integrated ring current in Saturn’s magnetosphere is 
~3x10° A, only a few per cent of the integrated azimuthal 
current flowing in the jovian magnetodisk. The near axis field of 
Saturn’s ring current is ~10 nT; the ratio of this quantity, B,(0), 
to Saturn's equatorial dipole field, B., is = 4.8 x 107*. The same 
quantity computed from a model of Jupiter's azimuthal disk 
currents’ using B,(0)~ 200 nT and B.=4.2 G, is also ~4.8 x 
1074. This implies'** that the total kinetic energy of trapped 
particles in the magnetosphere (E) scales with the available 
dipole magnetic energy outside the planet's surface (U). We 
note that while the ratio E/U is the same for both of the giant 
planets, Saturn’s total Æ is little more than 0.15% of Jupiter’s. 
The same ratio, applied to the Earth’s magnetosphere (assuming 
B,~ 0.3 G), leads to a near-axis ring current field of ~14.5 nT. 
This is well within the 10-23 nT range estimated for the near- 
axis field of the Earth’s quiet ring current on the basis of models 
fitted to Imp magnetic field observations'*. That three so vastly 
different magnetospheres apparently have almost the same E/ U 
ratio is indeed surprising and suggests a limiting process 
whereby such a ratio is maintained. 

Saturn’s magnetosphere is well approximated by an axisym- 
metric, but non-dipolar field within ~15 Rs of the planet. The 
non-dipolar nature of Saturn’s magnetosphere is evident at 
radial distances exceeding ~5 Rs and can be expected to have a 
significant role in charged-particle motion in Saturn’s 
magnetosphere. Beyond 15 Rs, the asymmetries introduced by 
the solar wind interaction become non-negligible, particularly 
the formation of a magnetotail in the night-side magnetosphere. 
We suspect that Saturn’s ring current is a permanent feature of 
Saturn’s magnetosphere, much like the jovian magnetodisk. A 
better understanding of possible temporal characteristics of 
Saturn’s magnetosphere must await analysis of Pioneer 11 
observations already obtained and those to be obtained by 
Voyager 2 in August 1981. 

We thank our Voyager colleagues and colleagues at Goddard 
Space Flight Center, particularly T. J. Birmingham and D. P. 
Stern, for useful discussions. 
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Arc structure in Saturn’s radio dynamic spectra 
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The dynamic spectra of Saturn's kilometric radiation show arc structures whose main characteristics are described and com- 
pared with those observed in the decametre emission of Jupiter. The origin of the arcs is probably similar for the two planets. 








ONE of the most spectacular findings of the Voyager 1 planetary 
radio astronomy experiment (PRA) was the discovery of nested 
arc-like structures in the dynamic spectra of Jupiter's decametric 
emission. These arcs have curvature in either a direction towards 
increasing time (vertex early arcs or VEA) or decreasing time 
(vertex late arcs or VLA)'*. Several explanations for their 
structure have been proposed*”’. Similar arc structures are also 
evident in Saturn kilometric radiation (SKR) (see Fig. 1). These 
structures appear superimposed on the strong intensity modu- 
lation which is controlled by the rotation of the planet (sub- 
Voyager longitude in SLS) and on fast and narrow band fluctua- 
tions which give a very large variability to the PRA observations 
on a 6-s, 20-kHz scale. This very fine structure seems to be 
always present. 


Characteristics of the arcs 


The arc structure for Saturn, although easy to recognize, is not as 
regular as it is for Jupiter. This is due to the superposition of fine 
structure, and also because the amplitude of modulation of the 
emission by the arcs is small, only a few decibels on average, 
compared with 10 or 20 db for Jupiter. Thus for each rotation 
only a few arcs are clearly distinguished. The arc structure 
extends over the whole frequency range of the emission, but is 
often more clearly seen near the high frequency limit. Some 
phenomenon (possibly absorption or refraction) probably fixes 
the low frequency limit of the observed emission, and this 
prevents the lower legs of the arcs being seen to their full extent. 

During the month around encounter the shapes of the arcs do 
not change much with time or SLS (Fig. 2). We can draw an 
‘average arc’ with its vertex around 400 kHz and symmetrical 
curvature (on a linear frequency scale) around this vertex. The 
total extent is about 20 min and the shape is the same for VEA 
and VLA. In several cases, successive arcs are separated by 
10-30 min, so that they appear to be nested like jovian arcs, but 
this nesting is not as regular as for Jupiter. 

The arc structure could be seen on PRA records even when 
the spacecraft was far away from Saturn: arcs were very clearly 
observed as early as July 1981, when Voyager 1 was stillat 1 AU. 







From that distance, the arcs appear more pronounced than when 
observed closer to the planet (probably because the amplitude of 
modulation is larger) and their shape is slightly different, the 
vertex being at lower frequencies (Fig. 2c). 

The few arcs which are clearly recognized during each rota- 
tion are generally at quite different SLS positions. We can study 
their occurrence in SLS by adding upseveral rotations. Figure 3 
presents two histograms of the position of the ares for the pre- 
and post-encounter periods. For each period, a particular sense 
of arc dominates: VEA before eacounter and VLA after 
encounter, irrespective of longitude. 

Arcs of opposite curvature are also observed superposed on 
the dominant variety, but only in the range of longitudes where 
the total emission is most intense. Hence, the sub-spacecraft 
longitudes of these arcs change after encounter. Saturn emission 
is, at least partly, circularly polarized, but the arc structure does 
not seem to affect this polarization. We conclude that the sense 
of polarization remains constant before and after encounter and 
that the two families of arcs that we recognize during one 
rotation have the same sense of polarization. A more detailed 
analysis is required to see whether the arc structure corresponds 
to a modulation of the degree of polarization. 

The difference in the dominant sense of curvature of the arcs 
between pre- and post-encounter periods can be interpreted in 
two ways: 

(1) The difference could be due to a latitudinal effect because 
the average latitudes of the spacecraft were different 
during the inbound (~8°) and outbound (~26°) paths; but 
whatever the origin of the are mechanism, it would be 
more natural to expect a change in the shape of the arcs 
rather than in their sense of curvature. 

(2) The change in the sense of the arcs is a local time effect, a 
source at fixed position in local time (as invoked to explain 
the pre- and post-encounter change of the occurrence 
probability histograms of the emission with sub-Voyager 
SLS) being seen from two nearly opposite directions 
before and after encounter. Asa local time explanation is 
more natural for the occurrence histograms, it is also 
more likely for the change of arc direction. 
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Fig. 1 Dynamic spectra of Saturnian kilometric radiation (SKR) for a day before encounter (10 November 1980, a) and a day after ercoanter (20 November 1980, 
by. In each plot the darkness is proportional to signal intensity as a function of wave frequency and hour of the day. More than two rotations of the planet are covered. 
The arc structure and the reversal of the direction of the dominant family are clear. 
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Fig. 2 Arcs observed 
before encounter (a) and 
after encounter (4) for 
different  sub- Voyager 
longitudes, on different 
rotations of the planet. 
c, Ares observed in July 
and August 1980 when 
Voyager | was ~1AU 
from Saturn. 
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Comparison with Jupiter 


The arc structure in Jupiter appears mainly at frequencies larger 
than 1 MHz. At lower frequencies, the arcs are more difficult to 
follow, although many drifting features can be seen at the end of 
the low-frequency leg of the arcs, with their vertex between 5 
and 10 MHz. On the other hand, Saturn’s emission is observed 
only at frequencies lower than 1.2 MHz. This large difference in 
the frequency range of the emission must be considered when we 
compare the arc structure of the two planets. 

The most important result is that arcs cover the whole 
frequency range of the emission from both Jupiter and Saturn. 
As the high frequency limit of Saturn’s emission is fairly constant 
the arc shape is stable. In contrast the jovian arc shapes vary 
considerably with LCM. In particular the higher the frequency 
limit, the higher the frequency of the vertex. The inclination of 
the magnetic axis to the rotation axis is much more important for 
Jupiter than Saturn and explains the difference. As the jovian 
arc pattern varies consistently with the LCM, we consider that 
the variation of shape with LCM is principally due to the 
wobbling of the observer’s position in magnetic coordinates due 
to this inclination. Such a variation does not exist on Saturn 
because the magnetic and rotation axis nearly coincide”'”. 
Received 13 May; accepted 15 July 1981. 
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Fig. 3 Histogram of the 
arc-direction as a function 
of sub- Voyager longitude 
in SLS. White cor- 
responds to vertex early 
arcs (VEA) and dark to 
vertex late arcs (VLA). 
At every SLS, VEA 
dominate before en- 
counter and VLA after 
encounter, while arcs of 
the opposite direction are 
more localized in longi- 
tude. Because of the 
longer period studied 
before encounter more 
arcs were seen during this 
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Another comparison concerns the sense of the arcs and its 
change at encounter, If we compare the arcs of Saturn with the 
lesser arcs of Jupiter'*, whose emission is not controlled by Io, 
the variations are similar. The lesser arcs are predominantly 
VLA before encounter and VEA after encounter, but both 
types of arc are always present. Hence, although the character of 
the dominant family is opposite, the reversal at encounter is 
observed for both planets. Thus the main characteristics of the 
arcs in Jupiter’s and Saturn’s emission are a even if their 
frequency ranges are different. 

At Jupiter, several types of arcs have beeniidentified’: at least 
two types of lesser arcs, and several types of Io-controlled and 
non-Io-controlled high frequency arcs, while only two are 
observed for Saturn. This probably requires several distinct 
sources of jovian emission while only one or two are necessary to 
explain the Saturn’s arcs. The larger variability of the arc with 
longitude observed for Jupiter can be explained simply by the 
change in the magnetic latitude of the observer during one 
rotation due to the inclination of the magnetic axis to the 
rotation axis. Therefore the cause of the arcs is probably related 
to the magnetic field and the similarities between Saturn’s and 
Jupiter's arc structures mean that they are probably due to the 
same physical mechanism. 


5. Boischot, A. & Aubier, M. J. geophys. Res. 86 (in the press). 
6. Warwick, J. W. J. geophys, Res. 86 (in the press). 
7, Lecacheux, A., Meyer-Vernet, N, & Daigne, G. Astr. Astrophys. (in the press). 
8. Warwick, J, W., et al. Science 212, 239-243 (1981). 
9. Smith, E. J. et al. Science 207, 407 (1980). 
10. Acuña, M. H. & Ness, N. F. Science 207, 444-446 (1980). 








Arcs in Saturn’s radio spectra 
J. R. Thieman’ & M. L. Goldstein’ 


*Advanced Systems Planning Division, ORI Inc, 1400 Spring St Silver Spring, Maryland 20910, USA 
tCode 692, Laboratory for Extraterrestrial Physics, NASA/Goddard Space Flight Center, Greenbelt, Maryland 20771, USA 





Arcs appearing in the dynamic spectra of Saturn radio emission have been modelled using the same techniques as applied to 
jovian arcs. Their properties suggest a source region several tenths of a Saturn radius above the cloud tops in the late morning 


local time sector. 





ARC-LIKE structures appear sporadically in the dynamic spec- 
tra of Saturn radio emission measured by the Voyager 1 
planetary radio astronomy (PRA) experiment. Arcs were 
pervasive in the dynamic spectra of Jupiter emission’™ but they 
are not nearly as prevalent in Saturn data. There are some 
differences in the properties of the arcs from the two planets, but 
a model used to fit jovian arcs has also been successfully applied 
to Saturn arcs. The curvature and frequency range of the Saturn 
ares are best fitted by assuming the source is along magnetic field 
lines with small L values (L <5). 


Figure 1 shows examples of Saturn dynamic spectra and the 
types of arcs which occur: both vertex-early and vertex-late arcs 
(appearing as opening and closing parentheses, respectively) are 
indicated. A search of dynamic spectra between June and 
December 1980 resulted in a set of 82 arcs but data gaps during 
this period preclude determination of an exact occurrence rate. 
Table 1 summarizes the similarities and differences between the 
catalogued arcs and the arcs seen in jovian dynamic spectra. As 
Boischot et al.* have considered some of these characteristics, 
only some of the entries will now be discussed. 
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Fig. 1 Examples of arcs in the dynamic spectral plots of Saturn emission 
detected by the Voyager 1 spacecraft. Data from one rotation of Saturn 
before (a) and after (b) closest approach. The beginning and ending space- 
craft data acquisition times are marked. Darkness is proportional to the 
signal strength computed for 1° longitude averages in each of the 70 
frequency channels from 1.2 kHz to 1.32 MHz. The abscissa is the longitude 
of the mêridian plane containing the spacecraft. Two vertex-early and two 
vertex-late arcs are indicated. 


Although the right-hand polarization sense (as conventionally 
used by radio astronomers) is dominant for Saturn arcs, left- 
hand polarized arcs occur occasionally, mostly during closest 
approach to Saturn when the spacecraft trajectory was south- 
ernmost in latitude’. For the 82 arcs analysed, the duration 
ranged from 10 min to >1 h, with an average of ~45 min. 

Figure 2 displays histograms of the minimum, maximum and 
vertex frequencies for the catalogued Saturn arcs. The average 
vertex frequency is slightly lower than the value of 400 kHz cited 
by Boischot et al.*, but their value was based on arcs identified 
near envounter only. The low frequency extent of the arc peaks 
sharply around 100 kHz, probably as a consequence of the 
plasma frequency cutoff due to the plasma density between the 
source and the spacecraft. 

The most interesting difference between Jupiter and Saturn is 
that for the inbound passage of Voyager 1 to Saturn nearly all of 
the observed arcs had vertex-early curvature sense while the 
reverse was true outbound. The sense of curvature of some 
jovian arcs also shows some pre- and post-encounter depen- 
dence, but the dominant influence is longitude. Both vertex- 
early and vertex-late curvature are often superimposed, and the 
amount of curvature, the vertex frequency and the frequency 
extent for each type of curvature are directly dependent on 
jovian longitude. The inbound and outbound difference in 
curvature sense at Saturn is interpreted as a local time effect as 
there is some evidence that the source of emission is confined in 
local time‘. 

Although differing means of arc generation are possible, the 
many similarities in the planets’ arcs suggest similar 
mechanisms. Beaming of radio emission into a hollow conical 
sheet was a common hypothesis long before arcs were dis- 
covered’. Previous modelling work demonstrated that a hollow 
conical beam which is centred on and rotating with a jovian 
magnetic field line can reproduce the observed jovian arcs if the 
cone opening angle is allowed to vary with distance along the 
field line. To apply this model to Saturn the direction and 





Table 1 Saturn-Jupiter arc comparison 





Jupiter Saturn 
Polarization Dominantly right-hand Nearly all right-hand 
Total arc duration ~20 min ~45 min 
Frequency range ~100 kHz to 40 MHz ~ $0 kHz to ~1.0 MHz 


Occurrence rate Nearly all high band radiation 


in every rotation made of arcs At most a few per rota- 
tion 

Nesting Large number per group 1-3 per group 
Longitude dependence Curvature and frequency None 

Local time dependence Curvature Curvature 


magnitude of the magnetic field at any point must be known. The 
model of Saturn’s magnetic field which is used is based on 
Voyager magnetometer experiment results”. It can be modified 
to include the effects of a current sheet’’, but the corrections 
were not of sufficient magnitude te affect the arc modelling 
results. The discrete nature of the arcs implies that activity takes 
place along individual magnetic field lines. For Jupiter the active 
field lines were usually assumed to have magnetic L values" of 
~6, as those field lines pass through the orbit of the moon Io 
which is known to influence the occurrence of radiation. There is 
no a priori reason to limit L values of the field lines for Saturn. 

The frequency of the emission is assumed to be just above the 
right-hand cutoff frequency wp so that right-hand polarized 
emission escapes the planet. The cutoff frequency is defined as: 


p= 0,[1 + Gg +4a2./O27 7/2 


Where wpe = V(4rNe?/m)is the electron plasma frequency, 0,2 
\eB/mce| is the electron gyrofrequency, e, m and N are the 
electron charge, mass and number density, and B is the magnetic 
field strength. 

The apparent emission sources for the Earth and Jupiter are in 
underdense plasma regions (Q. > w,,.) close to the planets so that 
wp and the emission frequency are very close to the electron 
gyrofrequency. If we assume that the maximum emission 
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Fig. 2 Histograms of the distribution of the: a, minimum; ¢, maximum, and 
b, vertex frequencies in a catalogue of 82 arcs. The catalogue spans 19 June 
1980 to 12 December 1980. 


frequency in Saturn radiation corresponds to the maximum 
gyrofrequency above the planetary cloud tops, then the highest 
emission frequency would be ~1.5 MHz. Observed emission 
never exceeds 1.2 MHz and is rarely higher than 900 kHz, so 
there seems to be a fundamental difference from Jupiter. Low 
L-value field lines have maximum gyrofrequencies in the 
900 kHz range, but the lowest gyrofrequencies on these lines are 
higher than the lowest radiation frequencies so the source region 
cannot lie on these field lines. Radio occultation measurements 
of the Saturn ionosphere show that the plasma frequency close 
to the planet is comparable with the gyrofrequency'*"*. The 
region where the gyrofrequency is ~900 kHz is several tenths of 
a Saturn radius above the cloud tops (for L ~ 5). In this region 
the plasma frequency is much less than the gyrofrequency (as it 
was at Jupiter), suggesting that an underdense plasma 
environment may again be necessary in the source region. 
Consequently, the maximum frequency in the models of the 
Saturn arcs has been determined by assuming the emission 
occurs only beyond a fixed distance from the planetary cloud 
tops. This is similar to the Earth’s auroral kilometric radiation 
(AKR) which occurs well above the surface at a distance of 
~2 Earth radii’, 

The vertex frequency is defined from observations to be a set 
fraction of the maximum frequency. The minimum are 
frequency is difficult to determine since surrounding radiation 
often mixes with and obscures the low frequency end. The model 
assumes a fixed lowest frequency at a value determined from 
observations. The cone angles are allowed to vary with position 
along the field line from a minimum at the lowest frequency toa 
maximum at the nose frequency and then back to-the minimum 
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Fig. 3 A comparison of the forms of model arcs to the actual arc shapes 
derived from the data in Fig. 1. Seven magnetic L values were used to derive 
the location of seven possible source regions, yielding the arcs shown. 


value at the maximum frequency. The formula below is used to 
vary the cone angle with frequency and is derived from jovian 
arc studies®, 


UA) = Yonsin (Z) (EE) fag 








IN fof 
WA = Yasin (Z) [eR] fsf. 


Wmax and (f) are the maximum cone angle and the cone angle at 
frequency f. The minimum, maximum and vertex frequencies 
are represented by fmin fax and f, and the coefficient a is defined 
so that YP) = Win at both f= fmax and f= fmin 

Arcs from Fig. 1 are compared in Fig. 3 with curves predicted 
by the arc model. For the vertex-early arcs the model assumes: a 
cone angle varying from a minimum of 75° to a maximum of 85°; 
a minimum frequency of 100 kHz; a nose frequency which is 0.6 
of the maximum frequency; a minimum distance for the emis- 
sion region of 0.2 R, above the cloud tops; and the L values 
indicated. The same assumptions are used for the vertex-late 
ares except for the cone angle which varies from 70° to 85° and 
the minimum frequency which is increased to 150 kHz. These 
values should not be considered to be unique as the parameters 
can vary within a small range without significantly altering the 
fits. Other arcs differ in shape from examples in Fig. 3 but the 
parameters can be changed to fit those arcs. The curvature of the 
modelled arcs is sensitive to the difference between the maxi- 
mum and minimum cone angles; slight changes in this difference 
have a noticeable effect. The values of the maximum and 
minimum cone angles can vary by tens of degrees without 
noticeably affecting the curvature, provided the difference is 
held constant. Only values of the cone angle of the order of 60° 
or larger allow the cone of emission to intersect the line of sight 
of the Voyager spacecraft. This is consistent with the Jupiter 
emission model in which large cone angles are necessary to 
explain the 150° separation in longitude between the two major 
radio sources, which are believed to originate from opposite 
sides of the same cone. 

Constraining the magnetic L value is an important goal. In 
general, higher L values cause an increased curvature at high 
frequencies because of the cone beaming geometry. No severe 
curvature is evident in the observations, which implies that the 
emission is confined to L <5. For Jupiter, the ability to produce 
good fits assuming a source along the L=6 field line was 
consistent with the influence of Io on the emission. Four major 
satellites as well as Saturn’s rings are threaded by field lines with 
L values <5. The resolution of the arc fitting process is not 
sufficient to distinguish whether any of these objects may be 
affecting the emission. 

The source location implied from the above limits agrees 
reasonably well with the location deduced by Kaiser ef alf. That 
location, however, is confined to a local time region near the 
noon meridian. For arcs to be formed from hollow conical 
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beams, the beams must rotate with the planet and so intersect 
the observer’s line of sight. If the source is stationary in local 
time this is not possible. There may, however, be a limited 
activity region near the noon meridian in which charged particle 
precipitation and subsequent radio emission is stimulated along 
a field line as it rotates into the region, continues as the field line 
rotates, and then dissipates. 

The confinement to a specific local time domain explains the 
dominance of vertex-early arcs in inbound observations and 
vertex-late arcs after encounter. Figure 4 displays the proposed 
emission geometry. Inbound, Voyager 1 approached along a 
local time line of ~13 h. Consequently, the leading edge of the 
conical beams would usually be the only emission detected. 
According to the model vertex-early arcs result from the leading 
edge of a cone, so this is consistent. The outbound trajectory of 
Voyager 1 was limited to local times around 3 h; thus the trailing 
edge of the cone was observed and, therefore, vertex-late arcs. 

The discrete nature of the arcs for both Jupiter and Saturn 
remains a problem. For Jupiter, the arcs are discrete but quite 
regular and usually nested. Saturn arcs appear intermittently 
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Fig. 4 Hollow conical beam emission from Saturn projected onto the 

Saturn orbital plane. The source region is confined to the late morning local 

time sector. Conical emission begins for a particular field line rotating into 

this region, and ends when the field line rotates out of the region. The 

directions of the inbound and outbound trajectories are indicated by the 

arrows. The leading (trailing) edge of the cone rotates through the inbound 
(outbound) Voyager 1 line of sight. 


and are only occasionally nested. Gurnett and Goertz'* sugges- 
ted a mechanism for jovian nested arcs which would produce 
sources along regularly spaced field lines threading Io’s plasma 
torus. Lecacheux et al.'° proposed the production of discrete 
arcs by a Fresnel screen interference pattern resulting from the 
observation of the source region through the Io plasma torus. 
Because there is no similar plasma torus in the magnetosphere of 
Saturn these theories require modification to explain the dis- 
crete Saturn arcs. It may be necessary to look to the solar wind, 
moons, rings or other influences as sources of discrete excitation. 

Our study suggests that the hollow conical emission model of 
Jupiter arcs can be adapted to fit the Saturn arcs and indicates (1) 
source regions located along magnetic field lines with L = 5, and 
(2) a source location several tenths of a Saturn radius above the 
cloud tops along high latitude field lines. The pre- and post- 
encounter vertex sense of curvature is consistent with conical 
emission rotating through the late morning local time region. 

The work of J.R.T. was supported by NASA PO S 03389-6C. 
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Analysis of the average properties of Saturn’s kilometre wavelength radio emission suggests that the source region is near the 
noon meridian in the northern auroral zone and/or the polar cusp. 





THE detection’ of kilometre-wavelength radio emissions from 
Saturn (SKR) increases the possibility that useful comparative 
radio ‘planetology’ can be done, to provide insight into the 
similarities and differences in particle acceleration and pre- 
cipitation processes on the three known non-thermal radio 
planets—Earth, Jupiter and Saturn. However, before Saturn’s 
radio emissions can be studied, an adequate description of their 
average statistical properties is needed. We now present these 
properties and discuss the implications for source location, 
beaming, and magnetic surface anomalies. Such statistical pro- 
perties are already well known for the Earth’s auroral kilometric 
radiation (AKR). Jupiter’s decametric wavelength radio emis- 
sions have been studied with ground-based instruments for 
25 yrs, and space-borne radio telescopes have extended studies 
of the jovian spectrum to 10 kHz. 

The statistical properties of AKR are a strong function of the 
observer’s viewing geometry. Gurnett’ first showed that the 
observer’s sub-spacecraft magnetic latitude and local time were 
the important coordinates in which to organize studies of the 
Earth’s emission beam properties. The Voyager observations of 
Jupiter have shown that these same two coordinates are of prime 
importance over much of that planet’s radio spectrum’ *. Figure 
1 shows the magnetic latitude-local time coverage of the three 
radio planets by the Voyager spacecraft and ground-based 
observations. For the Earth, >90% of the possible viewing 
locations have been surveyed frequently enough to provide 
good statistics; only a small region above the southern polar cap 
has not been surveyed. For Jupiter, the ground-based obser- 
vations and the two Voyager fly-bys have covered only ~ 4% of 
the possible observing plane, and for Saturn the total coverage 
will be <0.5% even after both Voyager encounters. This is 
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Fig. 1 Positions in the local time-magnetic latitude plane from which radio 
observations have been made of the Earth, Jupiter and Saturn. Local time is 
defined as the equatorial plane projection of the observer-planet~sun angle 
with 12 h = local noon = 0°. A, The inbound trajectories of both voyagers; 
B, the outbound Voyager 1 trajectory: C, outbound Voyager 2. Thin lines 
connect A and B, and A and C but they correspond to such brief durations 
that statistical properties cannot be determined for those viewing locations. 
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largely due to the near perfect alignment of the Saturnian 
magnetic moment with the rotationa’ axis’ which almost eli- 
minates the ‘rocking’ in magnetic latitude experienced by both 
the Earth and Jupiter. We describe the average properties of 
SKR as observed from locations A and B in Fig. 1 by the 
Voyager 1 planetary radio astronomy (PRA) instrument’! for 
a 2-month period centred on the 12 November 1980 encounter. 
Location A specifies the inbound (pre-encounter) geometry (at 
~12.5 LT and +8° lat) and location B, the outbound (post- 
encounter) geometry (at ~3.5 LT and + 26°), Location C will 
be the Voyager 2 outbound trajectory in late 1981. The Saturn 
hemisphere from 13 to 01 h is only briefly entered by the 
Voyagers, specifically during their fast swing-bys at closest 
approach. Additional radio noise from a source in this region 
would not be detected by the Voyagers. 


Occurrence probability 


An analysis of the occurrence pattern of SKR as a function of 
Saturn’s rotation phase has shown”’ that SKR occurrence is not 
continuous, but variable and roughly periodic, From pre- 
encounter observations, a Saturn longitude system’? (SLS) can 
be defined. SKR was found to be well organized in longitude 
with an occurrence rate maximum near 90° and a minimum at 
~270° in sub-Voyager SLS. The PRA observations near 
closest approach? showed that the SKR occurrence pattern was 
fixed relative to the Sun with maximum occurrence rate near 
100° in sub-solar SLS. 

Figure 2 shows the absolute occurrence rate of SKR bursts 
stronger than 10° Jy (1 Jy = 107 W M”? Hz”) asa function not 
only of sub-solar SLS, but also of observing frequency. (We have 
adopted 1 AU as a ‘standard’ distance for normalizing flux 
density measurements.} The reported” similarity in the occur- 
rence patterns for both the inbound and outbound trajectories is 
clear, However, the absolute occurrence rate for the outbound 
observations is roughly half that of the inbound observations. 
Furthermore, the maximization of occurrence in the 100- 
200 kHz frequency range which is so evident in the inbound 
panel is replaced in the outbound panel with a broad maximum 
from 100 to 500 kHz. At the 5% occurrence level, SAR extends 
from ~ 40 to 600 kHz. SKR events extending to 1,200 kHz 
have been reported’, but the occurrence rate of these events 
(> 10° Jy) is «1%, with no discernable difference between 
inbound and outbound observations. SKR events as low as 
3 kHz have also been reported’. 

Figure 3 shows, for an observing frequency of 174-kHz, the 
probability of detecting emission above a given flux level for 
both inbound and outbound trajectories. The probability of 
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detecting a given flux density event is generally higher on the 
inbound leg than outbound. For example, the probability of 
detecting SKR stronger than 10° Jy is ~ 58% inbound, but only 
32% outbound. For events stronger than 10° Jy, the prob- 
abilities are 18% inbound, and cnly 8% outbound. 

Several authors'** have reported that SKR is largely right- 
hand (RH) polarized with left-hand (LH) SKR detected only 
during the approximately 2-month period immediately preced- 
ing encounter, and not at all after encounter. Figure 3 shows the 
occurrence probability of LH SKR. Its rate of occurrence is only 
a small fraction of the total SKR occurrence rate. The dis- 
tribution of LH SKR in frequency and SLS is not well deter- 
mined due to the sparsity of data, but there is evidence that the 
LH emission maximizes near 350 kHz at about 300 ° SLS. This is 
~ 200 kHz higher in frequency and 180 ° displaced in longitude 
from the RH polarized emission observed inbound. 


Power flux density 


Figure 4 shows the average power flux density spectra of SKR at 
three different occurrence levels for both the inbound and 
outbound observations. The spectra have been averaged over all 
longitudes. The general trends evidenced in the occurrence 
probability distributions (Figs 2 and 3) can be seen. The flux 
densities observed during the outbound trajectory are lower at 
frequencies below 500 kHz than the corresponding values 
inbound. The equivalent isotropic powers for the three occur- 
rence levels are shown in Table 1. Roughly three to four times as 
much power is received at observing position A than at B. 
The frequency of peak flux for inbound observations is near 
150-175 kHz. The peak outbound appears to be shifted to 
higher frequencies, in some cases as high as 400 kHz. However, 
comparison of the ratio of the corresponding inbound and 
outbound spectra reveals that this apparent shift towards higher 
frequencies is caused by a systematic decrease in observed 
intensities at lower frequencies for outbound observations. For 
example, for the 10% occurrence spectra, the received flux at 
100 kHz is five times larger for the inbound case than for 
outbound. This ratio decreases to a factor of 2.5 at 250 kHz and 
approximately equal levels are observed at or above 500 kHz. 
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Discussion 


The statistical SKR properties discussed above strongly con- 
strain possible source locations. We know that SKR emanates 
from a source which is fixed relative to the Sun, perhaps much 
like the Earth’s AKR. However, SKR would need to be emitted 
into an extremely sharp beam for the very small magnetic dipole 
tilt to account for the very large (more than a factor of 100) 
intensity modulation as a function of rotation”. Instead, we 
favour the concept that emission is generated when a particular 
longitude arrives at a particular solar hour angle (local time). 
From the flux level differences inbound and outbound, the radio 
beam is clearly oriented more towards the inbound trajectory. 
This is reinforced by the fact that the low frequency portion of 
each outbound SKR spectrum is depressed. Studies of the 
Earth’s AKR angular distribution'* show that high frequencies 
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Fig. 4 Typical SKR flux density spectra observed 50% (£3), 10% (+) and 
only 1% (bars) of the time are shown for inbound and outbound obser- 
vations. 


are beamed over a much wider angle than low frequencies due to 
refraction. If analogy with AKR is correct, a beam oriented 
more towards the inbound trajectory would tend to illuminate 
the outbound trajectory at high frequencies, but perhaps not at 
low frequencies. 

From consideration of the inbound spacecraft trajectory and 
the polarization of SKR, Warwick et al." concluded that the RH 
emission is emitted in the magnetoionic extraordinary mode 
from the northern hemisphere, and the LH emission is most 
likely from the southern hemisphere. This implies that SKR is 
most likely generated near the electron gyrofrequency in the 
source region, The magnetic field model’~°, coupled with the 
observed SKR frequency range, <20-~ 1200 kHz, suggests 
that the emission source region is confined to field lines exiting 
the planet at rather high latitudes, probably > 60°. At lower 
latitudes (<56°) the gyrofrequency does not extend as low as 
20 kHz anywhere on the field line. 

Additionally, because the SKR comes from a source fixed in 
local time, the observation’® that the sense of polarization 
remains RH inbound and outbound implies that both tra- 
jectories are illuminated by the forward lobe of the same beam. 
In other words, the initial wave direction must be predominantly 
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Fig. 5 The shaded region shows, in the saturnian local time~-magnetic 
latitude plane, the locus of possible emission cone axes for frequencies near 
175 kHz. The dark shading is for an assumed cos’’? @ beam pattern where @ 
is the angle between the ray and field line, the moderate shading for a cos @ 
pattern, and the lightest shading for a cos? g pattern. Also shown is a line 
which corresponds to an equatorial electron gyrofrequency of 20 kHz. Only 
regions at higher latitudes than those indicated will have emission as low or 
lower than 20 kHz. The bracketed arrows show the region where similar 
plots for 20 kHz and 500 KHz intersect this plot. Because the SKR beam 
appears to be fixed in local time, we can approximately equate longitudes to 
local time and this scale is shown at the top . A similar analysis done with the 
cone axis parallel to the field gradient direction gave essentially the same 
result, 


parallel to Saturn’s magnetic field for both the A and B viewing 
locations. Thus, the SKR RH beam seems to emanate from the 
northern hemisphere in the sector containing A and B, and 
oriented more towards A. 

We can speculate on the source location by making some 
assumptions concerning the shape and orientation of the SKR 
beam. The Earth’s AKR beam near the frequency of peak flux 


Received 13 May, accepted 15 July 1981. 


. Kaiser, M. L, et al. Science 209, 1238-1240 (1980). 

. Garnett, D. A. J. geophys. Res. 79, 4227-4238 (19743, 

. Alexander, J. K. eral. J. geophys. Res. 84, 5167-5174 (1979), 

. Alexander, J, K. et ai. J. geophys, Res. 86 (in the press). 

Desch, M, D. & Kaiser, M. L. J. eeophys. Res, BS, 4248-4256 (1980). 
. Boischot, A, et al. J. geophys. Res. 86 (in the press). 

Smith, E, J. et al. Science 207, 407-411 (1980). 


NTa aN m 





density is very broad, closely resembling a cosine pattern with 
the beam axis oriented more or less parallel to the field’*. If we 
assume that SKR is also emitted in a broad, symmetrical beam 
pattern, and that the axis of the pattern is also oriented parallel 
to the field, we can determine where the axis must be in local 
time and latitude so that intensities received at A exceed those at 
B by some factor consistent with Tabie 1. Figure 5 shows a plot 
similar to Fig. 1 indicating the locus of possible beam axes for 
three different broad beams where A would receive 2-4 times as 
much flux as B. The calculations were made at altitudes cor- 
responding to 175-kHz electron gyrofrequency. The field lines 
yielding solutions were then traced to the surface (invariant 
latitude). Several source locations are possible, but most intri- 
guing is the region at high latitudes near the noon meridian. This 
region most likely corresponds to the auroral zone”'", and, by 
analogy with the Earth’ and Jupiter’, is a very good candidate 
for a region of enhanced particle precipitation required to 
produce radio emission. Additionally, the apparent confinement 
of the radio source to a limited dayside range of local times 
suggests an association with a dayside polar cusp in Saturn's 
magnetosphere". Because SKR is fixed in local time, we can 
equate local time and sub-solar SLS as shown at the top of Fig. 5. 
The SLS corresponding to the proposed source region (40 °- 
145 °) may correspond to a region of anomalous magnetic field, 
although it is not clear that a precipitation producing field 
anomaly need be in the source region itself. The Voyager 1 close 
approach to Saturn was at high southern latitudes and displaced 
some 90-100 ° in longitude from the proposed source location, 
so fields and particle experiments were not able to make 
measurements on field lines threading this region. However, the 
Voyager 2 close approach on 25 August 1981 will be in a much 
better position to make measurements over this region. 


8. Acuña, M. H. & Ness, N, F, Science 207, 444-446 (1980), 
9, Ness, N. F. et al. Science 212, 211-271 (1981). 
10, Lang, G. J. & Peltzer, R. G, IEEE Trans. AES-13,466-471 (1977), 
11. Warwick, J. W. et al. Space Sci. Rev. 21, 309-319 (1977), 
12. Desch, M. D. & Kaiser, M. L. Geophys. Res. Lert, & 253-256 (1981). 
13. Warwick, J. W. et al. Science 212, 239-243 (1981), 
14. Gurnett, D. A. et al. Science 242, 235-239 (1981). 
15. Green, J. L, et al, J. geophys. Res. B2, 1825-1838 (1977). 
16. Broadfoot, A. L. et al. Science 212, 206-211 (1981. 
17. Behannon, K. W. et al, Nature 292, 753-756 (198ta. 











Narrowband electromagnetic emissions from 
Saturn’s magnetosphere 
D. A. Gurnett’, W. S. Kurth’ & F. L. Scarf’ 


*Department of Physics and Astronomy, The University of Iowa, Iowa City, Iowa 52242, USA 
+TRW Defense and Space Systems, One Space Park, Redondo Beach, California 90278, USA 





A series of narrowband electromagnetic emissions were detected by the plasma wave instrument on board Voyager 1 coming 
from the inner region of Saturn’s magnetosphere in the frequency range 3-30 kHz. These emissions have many similarities 
to continuum radiation detected in the Earth’s magnetosphere and narrowband kilometric radiation in the jovian 
magnetosphere. The observed frequency spacing suggests that the emissions are being generated near Tethys, Dione and 


Rhea, probably in regions of large plasma density gradients associated with boundaries of the plasma sheet. 





During the Saturn flyby the Voyager 1 plasma wave instrument 
observed a series of narrowband electromagnetic emissions at 
frequencies between 3 and 30 kHz (ref. 1). These bands are 
remarkable because of their extremely complex spectral struc- 
ture, consisting of a large number of nearly monochromatic 
emissions with frequency spacings corresponding to the equa- 
torial electron gyrofrequencies near the moons Tethys, Dione 
and Rhea. Because of the possible association of the radio 
emissions with the moons of Saturn, we have analysed these 
emissions to determine their origin and to explore similarities to 
other planetary radio emissions. We describe here their charac- 
teristic and discuss models of the generation of these emissions 
(the plasma wave instrumentation is described in ref. 2). 


Observations 


The strongest and best resolved examples of the narrowband 
electromagnetic emissions occur in the inner region of the 
magnetosphere, near closest approach. The electric field 
intensities in this region are shown in Fig. 1. Each channel gives 
the electric field intensity on a logarithmic frequency scale at the 
centre frequencies indicated on the left of the plot. The electron 
gyrofrequency, f,, and plasma frequency, fp, are also shown for 
reference. The electron gyrofrequency4 f; = 2859 Hz, where B is 
the magnetic field in nT) was determined from the Voyager 1 
magnetic_field instrument’, and the plasma frequency (e= 
9,000 Vn, Hz, where ne is the electron number density em") was 
obtained from the Voyager 1 plasma instrument“. The narrow- 
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Fig. 1 The plasma wave electric field intensities in the region near closest 

approach. The narrowband electromagnetic emissions are confined to the 

low density region outside of the plasma sheet at f> f, (dashed lines). The 

plasma sheet is entered at about 00.00 to 01.00, as the spacecraft approaches 
the magnetic equator (see trajectory sketch). 


band electromagnetic emissions consist of a series of smooth 
enhancements in the 3.11-31.1-kHz channels from about 21 h 
00 min (spacecraft event time) on 12 November to 01 h 00 min 
on 13 November. These enhancements all occur at frequencies 
above the electron plasma frequency as determined by the 
plasma experiment. The sharp cutoffs evident in the 5.62- and 
10.0-kHz channels shortly after closest approach seem to be 
directly associated with the local electron plasma frequency. The 
enhanced intensities extend across the electron gyrofrequency 
with no obvious propagation effect. These characteristics iden- 
tify the mode of propagation as the free-space left-hand 
polarized ordinary (L,0) mode. For this mode propagation 
occurs for all frequencies f > f,, and that no resonance or cutoff 
occurs at the electron gyrofrequency. 

Another type of very intense narrowband emission occurs in 
the 31.1-kHz channel of Fig. 1 at about 01.30 on 13 November, 
coincident with the cutoff of the electromagnetic radiation. At 
peak intensity this narrowband burst has a field strength ~ 60 db 
larger than the adjacent radiation. Based on similar obser- 
vations in the Earth’s magnetosphere*” and at Jupiter*”’° this 
burst is identified as an electrostatic emission at the local upper- 
hybrid resonance (UHR) frequency, funr = (f? +3). The 
fact that the observed emission frequency is higher than the 
upper hybrid resonance frequency computed from the measured 
plasma frequency and gyrofrequency is attributed to uncertain- 
ties in the determination of the electron number density. The 
electron plasma frequency is a factor of ~ 3 higher than given by 
the plasma instrument at this particular time. 

Because the intensity of the electromagnetic radiation is 
comparable in adjacent frequency channels, Fig. 1 implies that 
the spectrum is nearly continuous, possibly comparable with the 
continuum radiation detected in the Earth’s magnetosphere’. 
Fortunately, one 48-s frame of wideband waveform data 
obtained in this region provides greatly improved frequency 
resolution. The high-resolution spectrum of the wideband data 
(Fig. 2) is not continuous, but rather consists of many narrow- 
band emissions, some with bandwidths < 100 Hz. Three main 
bands can be identified at frequencies of ~1 kHz, ~ 6 kHz, and 
~9.7 kHz. Because the low-frequency band at 1 kHz is below 
the electron plasma frequency, whereas the others are all above 
it, this band cannot be propagating in the same mode as the 
higher frequency bands. For f < fp the only possible modes are 
the whistler-mode and the z-mcde. Based on the similarity to 
whistler-mode hiss emissions observed in the higher density 
regions of the plasma sheet, we concluded that this low- 
frequency (~ 1 kHz) band is propagating in the whistler mode’, 

The most definitive evidence that the high-frequency bands 
are propagating in the free-space electromagnetic mode is given 
in Fig. 3, which shows a series of wideband spectrograms 


obtained over a 3-day period near and after closest approach. A 
single persistent band of emission can be seen at ~5 kHz 
extending over a range of radial distances from at least 3.26 to 
58.3 Rs. Because the plasma parameters change over a wide 
range it is difficult to see how this band of emission could be 
observed over such a large range of radial distance without being 
a freely propagating electromagnetic wave, The last obser- 
vation, Fig. 3 F, is in the magnetosheath where the local plasma 
frequency is ~ 3.8 kHz [J. Scudder, personal communication]. 
Although the electromagnetic bands can be detected in the 
wideband data over several days, the intensity and detectability 
vary considerably. The meridian plane plot in Fig. 4 summarizes 
the regions in which the bands were detected. Except for the 
brief interval near closest approach all of the emissions were 
confined to high latitudes on the outbound pass. None were 
found on the inbound leg and this is almost certainly due to the 
fact that the spacecraft was passing through the high density 
central region of the plasma sheet where the electron density is 
high enough to refract the radiation away from the equatorial 
region. In contrast, for the outbound pass (R 210 Rs) at high 
latitudes the electron density* is always low enough to allow 
direct line-of-sight propagation to the spacecraft at frequencies 
above a few kHz. The strongest emissions were observed at 
position A near closest approach, suggesting that the radiation 
originates in the inner region of the magnetosphere at R< 
10 Rs. 

Examination of the 16-channel survey plots shows evidence 
of a periodic modulation of the narrowband emission intensities 
at the 10h 40 min rotation period of Saturn. Typically, the 
narrowband emission events last for ~ 3 or 4 h and tend to recur 
at intervals of ~ 11h. The three intervals containing B, C-D, 
and E, in Fig. 4 show this periodicity. Maximum intensity occurs 
when the Saturn longitude system (SLS) longitude of the sub- 
satellite point is near 290°. Event F in Fig. 4 is also in phase with 
this general rotational modulation, however, one cycle seems to 
have been missed between E and F, possibly owing to the very 
low intensity and difficulty of detecting these emissions far from 
the planet. 


Relationship to other planetary radio emissions 

Although the complex narrowband structure of these Saturn 
radio emissions appears unusual, very similar types of radio 
emissions have been identified in the magnetospheres of Earth 
and Jupiter. At Earth a relatively weak type of broadband radio 
emission called continuum radiation is generated within the 
magnetospere*''’?, This has a relatively smooth steady 
temporal structure, and when analysed with spectral resolution 
comparable with that of the Voyager 16-channel analyser, the 


eae? fo 4 i i = 

F 
f 
i 
La 
k 

; 
i 

h 












fg = 25.3 kHz 
7 SPECTRUM ® 


fp? 2.4 kHz y 
i i 
i 
| 


2 uz!) 


m 








ELECTRIC FIELD SPECTRAL DENSITY (V 


FREQUENCY (KHz) 


START TIME, 225158 SCET, 12 NOVEMBER 1980 
AVERAGING INTERVAL, iBs 


Fig.2 A detailed frequency spectrum of the emission in Fig. 1, showing the 
occurrence of numerous bands with approximately harmonie frequency 
spacings. 














overall appearance is very similar to the emissions shown in Fig. 
1. When the terrestrial continuum radiation is analysed with 
better frequency resolution it becomes apparent that the spec- 

trum is not continuous, but instead consists of a series of discrete 
narrowband emissions’®. The detailed characteristics of the 
continuum spectrum depend on: the frequency range. At 
frequencies below the solar wind plasma frequency, where the 
radiation is trapped in the low-density magnetospheric cavity, 
the spectrum tends to be nearly continuous with only occasional 
narrowband structure’’. At frequencies above the solar wind 
plasma frequency, where the radiation can freely escape from 

J 





Fig. 4 ail TERNA, narrowband electromagnetic emwnons | 

wero observed. The bleck bands ‘indicate detectiéns in the 16-channel 

spectrum analyser data, and tho circles correspond to the wideband spec- 

F trograms shown in Fig. 3. 

the magnetosphere, the freguency spectrum iaaliy shows 
considerable narrowband structure, Typically, it consists of 
several relatively broad emission bands consisting of numerous 
narrowband features, some of which bave harmonic frequency 
spacings”. The spectral characteristics of the terrestrial nar- 
rowband emissions are remarkably similar to those observed at 
Saturn. ; 

At Jupiter narrowband electromagnetic emissions (narrow- 
band kilometric radiation (nKOM)) with similar characteristics 
have been reported by Kaiser and Desch’*. Although the 


‘frequency resolution available for the jovian nKOM obser- 


vations is not sufficient to reveal the extraordinary fine structure 


‘evident in the terrestrial and saturnian emissions, the overall 


characteristics are quite similar. In particular, the jovian nKOM 
intensity is controlied by the rotation of Jupiter, very similar to 
the rotational control of the narrow-band emissions observed at 
Saturn. The period of the nKOM is slightly slower than the 
rotation period: of Jupiter, and corresponds to the rotation 
period of the plasma in the outer region of the Io plasma torus“, 
at a radial distance of about 10 Ry. 

The close similarities between: the narrowband electromag- 
netic emissions at Earth, Jupiter, and Saturn strongly suggest 
that the same basic emission mechanism operates-at all three 
planets. At Earth it is now widely believed that continuum 
radiation: is generated by mode conversion from electrostatic 
waves generated by low-energy electrons. This general 
mechanism has a long history of experimental and theoretical 
development*”"*“**, including the observation of enhanced 
radiation intensities when low-energy electrons are injected into 
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the magnetosphere”. The electrostatic wave involved is an 
electrostatic mode which occurs near the upper hybrid 
resonance frequency, fume ™ (f? +f). One of the specific 
conditions which must be satisfied for this mode to be unstable is 
that (4 +1/2)f, «fur (refs 6, 7, 18). The physical situation in 
the Earth’s magnetosphere is iNustrated i in Fig. 5, which shows a 
representative radial profile of furw and f, near the plas- 
mapause. Intense electrostatic emissions occur whenever fur 
crosses a half-integral harmonic of f, (dashed lines). Kurth et 
al. have demonstrated that the electrostatic emissions are 
directly converted to electromagnetic radiation with little or no 
frequency shift. The radiation is generated in the free space (L, 
0) mode.. The resulting radio emission spectrum therefore 
consists of a series of lines with a frequency spacing charac- 
teristic of the electron gyrofrequency in the source region. Kurth 
et al.” have proposed that the jovian nKOM radiation can be 
explained by essentially the same mechanism, with the density 
gradient in the outer region of the Io plasma torus having the 
same role as the plasmapause at Earth. Large plasma density 
gradients are an essential element of some theories for the 
electrostatic to electromagnetic mode conversion”. 


Interpretation of Saturn observations 


Because of the close similarities between the narrowband radio 
emissions at Earth, Jupiter and Saturn, the electrostatic to 
electromagnetic mode conversion mechanism probably also 
accounts for the narrowband emissions at Saturn. This view is 
supported by the fact that intense upper hybrid waves are 
observed at Saturn in the region where the narrowband elec- 
tromagnetic radiation is most intense (see Fig. 1). Also, at Saturn 
these emissions are known to be propagating in the free space 
(L, 0) mode—the favoured mode for mode conversion. But the 
exact source location and the physical processes which lead to 
the generation of intense electrostatic waves remain uncertain. 
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Fig. 6 Two possible models for generating narrowband electromagnetic 

emissions in Saturn's magnetosphese. a, The emissions are generated at the 

density gradient which exists at the north and south boundaries of the plasma 

sheet; b, the emissions are generated along the field-aligned boundaries of 
the plasma sheet‘, 


Unfortunately, because of no appreciable tilt in the magnetic 
dipole axis of Saturn, there are no geometry-dependent pro- 
pagation effects to help determine the source location. Probably 
the best clue is the frequency spectrum. If the mode con- 
version model is correct them the frequency spacing between 
the lines is approximately the electron gyrofrequency in the 
source region, Figure 2 shows that several half-integral 
harmonic frequency spacings can be identified in the radio 
emission spectrum. If we identify the main emissions at 6.0 and 
9.7 kHz as a harmonic pair, then the gyrofrequency is 3.7 kHz. A 
second set of lines can be identified at 3.1, 4.7 and 6.1 kHz, 
which gives a gyrofrequency of 1.50 kHz. Finally, a third set of 
lines at 8.7, 9.6, 10.4 and 11.4 kHz gives a gyrofrequency of 870 
Hz. Assuming that the source is located near the equatorial 
plane (as at Earth and Jupiter) the corresponding radial dis- 
tances for these gyrofrequencies are 5.4, 7.3 and 8.8 Rs, based 
on a dipole moment of 0.21 G Rg’ (ref. 3). Note that depending 
on the plasma density gradient in the source region and the 
location of the source relative to the magnetic equator, the 
observed emission frequencies may not occur at exact half- 
integral harmonics. Therefore, these radial distances should be 
regarded as only a rough indication of the source position, 
The radial distances obtained are in the vicinity of Tethys, 
Dione and Rhea. Because at least one of Saturn’s moons, Dione, 
is already thought to have an important role in controlling 
Saturn’s kilometric radio emissions'?°*’, this comparison 
strongly suggests that one or more of these moons is involved in 
generating the narrowband electromagnetic emissions. 

The most likely way a moon could contro! nonthermal radio 
emission processes in the inner region of Saturn's magneto- 
sphere is by injecting plasma much as Io controls radio emissions 
by injecting plasma into the jovian magnetosphere. Evidence 
from the Pioneer 11 and Voyager 1 plasma instruments*”* 
suggests that plasma production by Tethys and Dione may be 
the source of the extended disk-shaped plasma sheet observed 
near the equatorial plane of Saturn. If nonequilibrium processes 
associated with the plasma injection are responsible for the 
narrowband electromagnetic emissions, then the analogies with 
Earth and Jupiter would suggest that the source is associated 
with a steep plasma density gradient near the edge of the plasma 
sheet. Figure 6a, b shows two extreme models for the source 
positions. In Fig. 6a the source is located near the north-south 
boundaries of the plasma sheet, and in Fig. 6b near the sharp 


field-aligned inner boundary of the plasma sheet described by 
Bridge et al.*. 

If the source is located as in Fig. 6a then it would have to be 
tightly confined to a specific L-shell to produce the narrow 
emission spectrum. Such a localization could, for example, be 
caused by a field-aligned current system flowing along the Dione 
L-shell. A source located on the Dione L-shell at the north- 
south boundary of the plasma sheet 2 Rs from the equatorial 
plane would have an electron gyrofrequency in close agreement 
with the 3.7-kHz major frequency spacing evident in Fig. 2. On 
the other hand, if the source is located along a field-aligned inner 
boundary of the plasma sheet then the narrowband charac- 
teristic of the source would be easily explained as the gyro- 
frequency is, to first order, constant along the magnetic field line 
near the equator. This situation could be closely analogous to 
the generation of continuum radiation near the plasmapause at 
the Earth, except that the decreasing density gradient is facing 
towards rather than away from the planet. Note that the 7.3 Rs 
radial distance identified for the 1.5 kHz frequency spacing in 
Fig. 3 closely agrees with field-aligned boundary identified by 
Bridge et al.’ at L = 7. This boundary occurs slightly beyond the 
orbit of Dione. Because of uncertainties concerning the plasma 
density distribution in the inner region of the magnetosphere, it 
is too early to decide which can best account for the charac- 
teristics of these emissions. 


Conclusion 


The Voyager 1 flyby of Saturn has revealed narrowband elec- 
tromagnetic emisssions originating from the inner region of the 
magnetosphere. At closest approach the broadband electric 
field strength of these emissions is ~50 pV m`, which cor- 
responds to a total radiated power of about 2.5 x 10° W, assum- 
ing an isotropic source. Although this is small compared with the 
power radiated by Saturn at kilometric wavelengths, ~ 10°- 
10° W (ref. 20), these emissions are of interest because of the 
close similarity to narrowband radio emissions from Earth and 
Jupiter, 

Comparisons with similar emissions in the Earth's 
magnetosphere suggest that they are produced by mode con- 
version from electrostatic waves near the upper hybrid 
resonance, This radio emission mechanism has also been pro- 
posed to explain certain types of solar radio emissions”. 
Although the basic mechanism has been identified, the condi- 
tions in which the radiation can occur are poorly understood. 
Observations at all three planets suggest that distinct ‘hot spots’ 
occur from which the radiation is preferentially emitted. The 
association of the source with a plasma density gradient may be a 
requirement for the mode conversion process'’. Unfortunately, 
the requirements for generating the electrostatic waves are not 
completely understood. The generation of these waves probably 
involves the presence of large fluxes of low energy (100 eV to 1 
keV) electrons with a pronounced loss-cone or af/au, >0 fea- 
ture and a suitably large cold-to-hot electron density ratio’? 4, 
The apparent control of the narrowband emission intensities by 
Saturn’s rotation presumably provides an important clue to the 
processes involved. However, because of the very close align- 
ment of the dipole axis with the rotational axis of Saturn’, it is 
not clear how this rotational control is imposed. 

Finally, at Saturn no evidence was found for trapped 
continuum radiation comparable to the continuum radiation 
trapped in the low density magnetospheric cavity of Earth and 
Jupiter. As the Voyager 1 plasma measurements* demonstrate 
the existence of a low-density cavity at Saturn with an electron 
plasma frequency well below the solar wind plasma frequency, it 
is surprising that no radiation is trapped in this cavity. The radio 
emission source at Saturn does not seem to extend down to 
sufficiently low frequencies to illuminate the cavity. The reasons 
for this marked difference in the radio emission spectrum are not 
understood. 
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The unexpected rotational modulation of the Saturn kilometric radiation and Saturn electrostatic discharges, as revealed by 
Voyager 1 observations, are discussed in terms of a ring-current system and the geometry of the dipole field, 


THE Saturn flyby observations of Pioneer 11 and Voyager 1 
have revealed that the Saturnian ring system has important 
effects on the structures of the planetary ionosphere as well as 
the magnetospheric environment, such as the unexpected rota- 
tional modulation of the Saturn kilometric radiation (SKR) and 
the Saturn electrostatic discharge (SED) as discovered by the 
Voyager planetary radio astronomy experiment’. The emissions 
of the bursty and highly polarized SKR (f < 1,200 kHz) and the 
broad banded and unpolarized SED (f ~ 20.4 kHz-40.2 MHz) 
of impulsive nature strongly peaks at the subsolar longitude 
(SLS) of ~110°. The rotational control of the SKR and SED is a 
clock-like effect—-with radiations preferentially emitted when 
Saturn has a particular phase relative to the Sun'”. Although the 
sources of these radio emissions are not clear, Warwick et al.’ 
argued that the SED emissions most likely originate in the rings 
of Saturn. 

The challenge then is to devise a mechanism which can 
produce electrodynamic coupling between the ring system and 
the planetary ionosphere and/or magnetosphere in which the 
associated SKR and SED radio emissions are subject to longi- 
tudinal control. One obvious candidate is the establishment of 
field-aligned current systems—connecting the rings and the 
ionosphere with longitudinal variation. Local acceleration pro- 
cesses in the vicinity of the rings are also needed. Although the 
solution will probably have to await further observations and 
more detailed data analyses, we now discuss the interplay 
between the ring-current systems and the geometry of the dipole 
field and the rings and describe some of the basic ingredients in 
the longitudinal modulations of SKR and SED. 

The Pioneer 11 radio measurements’ and the Voyager 1 EUV 
experimental results* reveal that a strong coupling between 
the neutral hydrogen atmosphere of the rings with a number 
density of 400-600 cm™ (refs 4~7) and the ionospheric plasma. 
Assuming the ionospheric H* ions have a number density of 
nj~3x10° cm? near the ring plane, the pertinent charge- 
exchange loss time scale for the neutral H atoms can be esti- 
mated to be ~10°s. Thus, for a total volume of the ring 
atmosphere to be ~3 x 10°° cm’, the charge-exchange loss rate 
of the neutral atoms as a result of the H* + H > H + H” process is 
N~10°’s"', This value is perhaps the most direct estimate for 
the source strength of the ring atmosphere and it supports the 
assessment by Carlson* that photo-sputtering of atomic hydro- 
gen atoms from H,O ice on the ring particles is responsible for 
supplying the observed H cloud of the rings, as other proposed 
effects’'” are far less efficient. 

Note that ‘the acceleration of the new ions (from charge 
exchange and other ionization effects) to co-rotation with the 
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magnetosphere will necessitate the establishment of a so-called 
pickup current which flows radially outward outside the syn- 
chronous orbit (at 1.8 Rs) but inward inside this distance’'"?. An 
order-of-magnitude approximation can be obtained by using 
I~ MAv/BAx for the total current. Here M is the mass addi- 
tion rate, B is the average magnetic field (~2,500 nT), Av =~ 
1 km s™ is the difference between the corotating speed and the 
keplerian orbital speed, and Ax is the characteristic radial 
dimension of such a ring-current system. Even when the ion- 
ization rate of oxygen atoms is set equal to that of neutral H 
atoms, 1<10°A for Ax ~1 Rs. This pickup current system is 
therefore relatively small, and not subject to rotational modula- 
tion. 

Another current system is more promising. The near-perfect 
dipole field of Saturn has a slight vertical displacement (4) of the 
dipole centre from the planet's centre along the axial direc- 
tion'?"'5, This enables charged particles to mirror just above the 
ring plane without being absorbed—a sort of plasma disk may be 
formed there. The longitudinal drifts (due to magnetic curvature 
force, gravity etc.) of the ions and electrons in this region would 
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Fig. 1 a, Top view of the intersection between saturnian rings and the 

magnetic equator. The two planes intersect at MN and OP = 1.64 Ry if the 

vertical displacement is 0.02 R; and the tilt angle a is 0.7°. Inside the 

synchronous orbit 7,,,, at 1.8 R, the ions drift west (A > B) and electrons east 

(A' +B’). Beyond raa they move in opposite directions, 4, Side view ofthe 

above system. Particles with near 90° equatorial pitch-angle in the wedge- 
shaped ‘free-zone' are not subject to any absorption. 
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Fig. 2 The magnetic latitudes A, of the ring for A = 0.02 and a = 0.7° for 
two radial distances; a, r= 1.9 Rg; b. r= 1.64 Rg. Also indicated are longi- 
tudinal ranges of ions between ionization and ring absorption. 


then constitute a current flowing in the azimuthal direction. At 
the same time, there is also a small tilt (a ) of the dipole axis with 
respect to the spin axis of Saturn towards SLS longitude 331° 
(ref. 15). The important feature is that the magnetic equatorial 
plane and the ring plane intersect along a line which has its 
minimum distance from Saturn (r,,) at an SLS longitude of 331°. 
For a =0.7° and an offset of h = 0.02 Rs (refs 13-15), ra = 
1.64 Rs. This combination of the vertical displacement and the 
tilt would cause the azimuthal currents to be interrupted at 
certain positions in the rings for r > r,, (see Fig. 1). (For r < rm the 
magnetic latitude of the ring plane is always non-zero and some 
charged particles will therefore escape absorption by the rings. 
This disk-population may suffer from pitch-angle scattering 
through wave~particle interactions and become unstable.) 
Assuming that the mirror-latitudes of the ions do not change 
over a time scale of one longitudinal drift around the planet, 
their drift paths (rAd) can be determined by the difference 
between magnetic latitude (A,) of the ring plane and their 
mirror-latitudes (Àm). Once the charged particles drift into the 
region with Àm >A, they would be absorbed. The variations of 
A® for two radial distances are sketched in Fig. 2. 

Assuming current continuity (V: j=0), the longitudinal 
variation of the azimuthal current (j) due to the mirroring effect 
would mean continuous diversion of the currents into the field- 
aligned components (j). To estimate the field-aligned current at 
different longitudes (@) the following relations are needed. First, 
the current continuity equation can be written as 


y=- | dz 1 
reve i (1) 
and second, the continuity equation for mirroring particles as 
1 o@ n 
~—— (nda) =- L, (2) 
rad Ti 


with j, = nieva where n; is the ion number density at longitude œ, 
va is the drift velocity’®, nj, is the neutral H atom number 
density of the ring atmosphere (say), r; the ionization time scale 
and L; the loss rate. Assuming that the ions can only mirror 
along the field lines in the region where A, >Àm, 


n~nu(=) (3) 


where the longitudinal drift time scale between ionization and 
absorption is ty = rA@(d)/r4g. Combining these relations, the 
field-aligned current density at longitude @ can be written as: 


ð Ard) Ny 

je)~er< | aood (4) 
dG Jo Ti 

Note that in the corotating system A® > 0 if ions drift westwards 

towards increasing SLS longitudes (inside the synchronous 

orbit) and Ad <0 if ions drift in the opposite direction (outside 

the synchronous orbit), 

Contour plots of the field-aligned current density (/;) inside 
the synchronous orbit are shown in Fig. 3. Two maxima are 
found at SLS longitudes 120° (upward current from iono- 
sphere to the ring) and 250° (downward current from the ring to 
ionosphere). Such field-aligned currents are corotating with the 
planet and if the ionization rate in this system is subject to 
diurnal variation, rotational modulation may conceivably result. 
For example, the escape flux of the ionospheric electrons reach- 
ing the ring at L = 1.6 may have large day-night variation due to 
absence of photoelectron emission and cooling of the exosphere 
in the night side, (Note that an important nightside heat source, 
precipitation of energetic particles, does not exist at the latitudes 
magnetically connected to the rings as the rings are extremely 
good absorbers of energetic charged particles.) 

But note that the azimuthal currents and the associated 
field-aligned components would be maintained, to a certain 
degree, even in the shadow of Saturn. This is because the ions 
produced in the dayside would continue to drift into the shadow 
to replenish the drift currents, The actual ionization rate must be 
largely determined by charge exchange between the neutral ring 
atmosphere and the planetary ionosphere as photoionization 
and electron impact ionization all have very long ionization time 
scales (210°s). Using the minimum value of 7,~10°s as 
appropriate for regions a fraction of a planetary radius from the 
ring plane, and a number density of 500 cm™ for the hydrogen 
atoms) the peak flux (at SLS longitude 250°) can be estimated as 
F,~ 10° cm™* s~" in the equator and 10’ cm~? s™' near the top of 
the saturnian ionosphere. This is larger than the estimated 
photoelectron flux of 2x10%cm™*s~' from Saturn’s iono- 
sphere’’. Thus the downward field-aligned current near SLS 
longitude 250° could become supercritical, particularly when it 
moves into Saturn’s shadow. In such conditions, an electric field 
parallel to the magnetic field must be set up accelerating the 
ionospheric electrons away to maintain the downward current. 
The parallel potential drop could reach an absolute maximum 
equal to the total potential drop w across the current generating 
region.’ This potential w arises from the fact that the field- 
aligned currents must close through the saturnian ionosphere 
which has a finite conductivity. According to Hill et al.'® the total 





Fig. 3. Contour plot for the parallel electron flux (inside the synchronous 
orbit) associated with the field-aligned current system. Note that maximum 
flux from ionosphere to the ring occurs at SLS longitude 250° and the 
maximum flux from the ring to the ionosphere occurs at 120° SLS longitude. 
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potential drop across the longitude range A® is 


| : I rAd (5) 
= x, i 2 Ar 


Here Ar is the radial range of the field-aligned currents at radial 
distance z, A® is the corresponding longitude range and &, is the 
height-integrated Pederson conductivity of the planetary iono- 
sphere. With the total current going through the ring system 
estimated to be ~10°-10°A, A®~w, r~1.5 R; and Ar~ 
0.3 Ry; y =(0.15-1.5)/Z, (MV). Because 2, should be of the 
order of 15S, if not less, the parallel potentials are conceivably 
quite large, that is of the order of a few keV. 

Although the incorporation of SKR and SED radio emissions 
into this scheme is tempting but ambiguous a plausible scenario 
is offered below. We assume that a parallel potential of a few 
keV could be established in the shadow at SLS longitude 250° 
and that the ring particles are charged up to electrostatic poten- 
tial of similar magnitude by the energetic electrons so generated. 
As soon as the ring particles move into the sunlight there will be 
immediate electrostatic discharge through emission of photo- 
electrons {accelerated to keV energies by the negative surface 
potential)’®, The electrostatic energy stored on a 1-m radius ring 
particle charged to 10 keV is 10°?J. Assuming no surface 
resistance the discharge time would be r~ 4.107" s. The total 
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power emitted by each ring particle is 2.5 x 10° W and should be 
broadband extending to a frequency of roughly 1/7 ~ 25 MHz. 
The maximum intensity of SED should then occur when the spot 
at SLS longitude 250° emerges from the shadow at which time 
the SLS longitude 110° faces the Sun (see Fig. 3). This is almost 
exactly the longitude at which the SED and SKR activities peak. 
(It is not clear whether the formation cf radial spokes in the B 
ring as observed by the Voyager Imaging experiment’ is related 
to this effect.) 

SKR events still have to be explained and to a certain extent 
SKR may also depend on the SED. That is, as the broadband 
and bursty SED radiation propagates outwards, it will be 
absorbed by the dense plasma sheet between 4 and 8 R, (refs 20, 
21). If pitch-angle scattering of trapped energetic particles into 
the atmospheric loss cone is enhanced by plasma wave absorp- 
tion, rotational modulation of SKR (in the desired manner) 
would follow. As there are sharp rises in the proton (E,< 
2 MeV) and electron (E, < 0.43 MeV) fluxes near the orbit of 
Dione”’, precipitation events triggered by the SED radiation 
must involve principally particles from that region. It is perhaps 
no great surprise that the SKR emission—besides the 10-h 
rotational modulation—also seems to be affected by Dione’. 
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Saturn’s kilometric radiation: satellite modulation 
M. D. Desch & M. L. Kaiser 
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There is an episodic 66-h modulation of the Saturn kilometric radiation which is both frequency and Dione-phase 
dependent. The behaviour is significantly different from the way in which Io modulates the Jovian emission. 





THE discovery’ of nonthermal (kilometric) radio emission 
(SKR) from Saturn by the Voyager planetary radio astronomy 
(PRA) instrument has raised the possibility of emission modu- 
lation by one or more of its satellites because Saturn, like 
Jupiter, contains satellites deep within a corotating magnetic 
field. However, examination of data extending from January to 
September 1980, yielded no Saturn analogue of the well-known 
Io-control phenomenon’. Instead, short-term (10 day) modu- 
lation of the SKR has been reported*“ at a period near 66 h, thus 
implicating satellite Dione as a possible agent. The nature of this 
modulation, if real, differs dramatically from the way in which Io 
controls the jovian emission. Using the PRA observations of 
Saturn, we here search for further evidence of episodic satellite 
control of SKR and examine the time evolution, frequency 
dependence and phase of the 66-h modulation. Results will be 
compared with the phenomenology of the jovian control by Io. 

The earlier reports of modulation by Dione presented data in 
intensity/time format at Dione’s revolution period. We will use 
the method of power spectral analysis to cast the results in a 
more objective light, although composite intensity-time 
dynamic spectra will also be used to illustrate graphically the 
material, The power spectrum method used is that of Deeming‘, 
and has been applied to the PRA data as described elsewhere’. 


Results 


Figure 1 shows the results of power spectral analysis of SKR 
observed at 174 kHz between 28 October and 18 December 


1980. This period of time brackets the Saturn encounter of 
12-13 November. The spectrum spans the range of periods from 
just under 10 h to just above 100 h, corresponding to the range 
of expected periods of revolution of Saturn’s five major 
innermost satellites and the planetary rotation itself. Aside from 
the dominant peak near 11 h, which corresponds to modulation 
of the SKR at Saturn’s rotation period, no other statistically 
significant peaks are evident in the spectra, and, in particular, 
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Fig.1 The results of power spectral analysis of SKR observed at 

174 kHz between 28 October and 18 December 1980. Only SKR 

events exceeding a flux density threshold of 2x 1077) W m^ Hz 

(normalized to a standard observer-$aturn distance of 1 AU) were 

used to eliminate a severe inverse-R-squared bias during this 

period. The only statistically significant modulation occurs at the 
10.66-h Saturn rotation period. 
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Fig.2 Power spectral analysis like that described in Fig, 1 but for 
a shorter interval of time (10-18 November) at 59 kHz observing 
frequency. Statistically significan: peaks occur at the Saturn rota- 
tion period, at 66 h, and at the two principal heterodynes between 
these periods. 


there is no significant spectral power at any of the satellite 
periods. Several other radio frequencies in the SKR band, both 
above and below 174 kHz, show identical results. 


The 66-h modulation 


If we examine the PRA low frequencies for the time interval 
nearer encounter, significant modulation appears near a period 
of 66h. To within the 10-h resolution limit inherent in the 
spectrum near the low-frequency end, this period corresponds 
to Dione’s period of revolution of 65.68 h. In particular, Fig. 2 
shows the power spectrum for the analysis interval 10-18 
November at an observing frequency of 59 kHz. This 9-day 
period is equal to three Dione revolutions. The four principal 
peaks in the spectrum are Saturn's rotation period’ (10.66 h), 
Dione (66h), and the two principal hetercdynes between the 
10.66 and 66-h periods. A composite dynamic spectrum of the 
same time interval (Fig. 3a) shows the phase of this 66-h 
modulation. Here, it is clear that the predominant effect is an 
apparent quenching of the low-frequency SKR near 270° helio- 
centric phase, that is when Dione is above Saturn's dusk meri- 
dian. There is a pronounced gap in the emission occurrence 
levels at this phase, especially at frequencies below ~200 kHz. 
Above 200 kHz the emission has begun to fill into the gap, 
suggesting a frequency dependence of the effect. In addition, 
because this analysis interval spans the time of closest approach 
to Saturn, so that the emission is observed from two very 
different Sun-Saturn-spacecraft angles, the modulation would 
appear to be locked with respect to the Sun rather than the 
observer. Note also that there is an additional modulation 
apparent in Fig. 3. Peaks in the occurrence probability contours 
occur at 40°, 100°, 160°, 220°, and 340° Dione phase (filled 
triangles) and are due to the planetary-rotation modulation 
which is within 3% of an integral multiple of Dione’s period. The 
phase of the expected, but missing, episodes of rotation-modu- 
lated SKR are also indicated (open triangle). During this 9-day 
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Fig. 3 Composite frequency-time dynamic spectra formed by 
stacking SKR events at Dione’s heliocentric period of revolution 
for the time interval a 10-18 November 1980 and b 28 October- 
18 December. Grey-shaded contour intervals show the resultant 
per cent occurrence probability levels. The dynamic spectra cover 
the frequency range 1.2~1,0C0 kHz. ¥ in a show the phase of 
expected peaks in occurrence levels due to Saturn's rotation; A 
shows the ‘missing’ events. Only events exceeding 2x 
IOAW m O Hy! at Lau were used. 


Nature Vol. 292 20 August 1981 








ag) W T T] 


E (1980) 














10 20 
PERIOD (h) 

Fig. 4 Results of power spectral analysis on 12-day spans of data 
from 12 October to 31 December 1980. Spectra were stepped in 
l-day increments. Observing frequency was 78 kHz. Contours 
show levels of relative spectral power as a function of spectral 
period and centre date of 12-day span. The contour intervals are 
15, 25, 35, 45, 55 and 65% of the maximum spectral power. The 
modulation at Saturn’s rotation period (indicated here as SLS, or 
Saturn longitude system) and two and four times the period are 
indicated, The broad spectral peak near Dione’s period of rev- 

olution can be seen to occur in two episodes. 


period, three such episodes fail to occur. It is this gap which 
produces the peak in the power spectrum at 66 h in Fig. 2. 
Figure 36 supports the long-term power spectral result of Fig. 
1, It shows again that when data are examined over extended 
periods, in this case 28 October to 18 December including the 
9-day interval in Fig. 3a, the emission occurrence probability 
levels are distributed randomly in Dione phase. Modulating 
effects near Dione’s period disappear over the long term. 


Satellite modulation survey 


Before exploring the 66-h modulation further, it is useful to 
investigate the possibility of additional episodic, short-term 
modulations. To do this we computed power spectra over 
12-day intervals between 12 October and 31 December 1980. 
Successive spectra were stepped along in 1-day increments, thus 
yielding an independent spectral estimate on every twelfth 
point. Each spectrum covered the 90-h window in period spac- 
ing from 10 to 100 h (as in Fig. 1). The result is shown in Fig. 4. 
Contour intervals are proportional to spectral power. The 
dominant feature is, as might be expected, the Saturn rotation 
modulation at 10.66 h. It is statistically dominant over almost 
the entire analysis interval. Outside of this modulation, no 
significant power appears at periods <50h, except for sub- 
harmonic power at 2 and 4 times 10.66 h which appear for a 
short interval of time over the computation window centred on 
21 November 1980 when the modulation at the fundamental is 
strongest. Above 50h significant modulation appears twice 
briefly near 66h. A third island of significant spectral power 
slightly below 66 h is centred on 22 December; however, closer 
examination of the data shows it to be due to an accidental 
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Fig.5 Asin Fig. 3 but for the period 2-14 December 1980. Only 
events exceeding a flux threshold of 8x 10°77) Wm? Hz"! (at 
1 AU) were used. The ‘Dione gap’ has shifted to about 30° phase. 


Note that the abscissa is shifted 180° for clarity. 
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Fig.6 The decline with increasing frequency in effective modula- 
tion at Dione’s period of revolution. Spectral power at Dione’s 
period falls to the spectrum noise level at 385 kHz. Modulation due 
to Saturn’s rotation remains strong over the entire band. Analysis 
interval from 10~18 November 1981. Only events exceeding 2 x 
1077! Wm? Hz"! at 1 au were included. 


reoccurrence of data gaps at this period. At still longer spectral 
periods additional minor peaks appear, however, their 
significance is in doubt because they are so near the low- 
frequency limit of the power spectrum. Identical surveys at 
several other radio frequencies in the SKR band have yielded 
identical results. Thus no evidence of short-term modulations of 
the SKR by any other satellites exists, at least during the late 
October to December period. 

The two significant peaks in Fig. 4 labelled Dione correspond, 
first, to an interval of time around encounter, mentioned in the 
discussion of Figs 2 and 3, and, second, to an interval of time in 
early December. The activity for the period 2-14 December is 
shown in Fig. 5 in composite frequency-time dynamic spectrum 
format. The occurrence probability levels are again shown using 
gray-shaded contour intervals, and the data are organized in 
heliocentric Dione phase. The expected Dione phase of modu- 
lations due to planetary rotation are shown at 10.66-h intervals. 
The open triangle indicates the ‘missing’ rotation, in this case 5 
missing rotations over the 13-day interval covered. Instead of 
occurring near 270° Dione phase as was the case near encounter 
(Fig. 3), the emission gap is now centred on about 30° Dione 
phase (note shifted phase scale for clarity). The gap is much 
more pronounced at the lowest frequencies, below 200 kHz, and 
has disappeared at 400 kHz and higher. This same frequency 
behaviour was noted with regard to the 66-h modulation obser- 
ved near encounter. 


Frequency dependence 


Using power spectra computed at several observing frequencies, 
we have examined the dependence of the Dione modulation on 
frequency throughout most of the SKR frequency band. Both 
Figs 3 and 5 suggested a frequency dependence may exist. The 
analysis interval extends over the 9-day encounter period shown 
in Fig. 3 and the results are shown in Fig. 6. Here the power at 
66 his compared with the 10.66-h modulation of the SKR due to 
Saturn’s rotation. The noise level inherent in the power spectra 
at each frequency is also shown. Note that the magnitude of the 
66-h modulation falls by almost a factor of four between 40 and 
200 kHz, and reaches statistically insignificant levels at 
frequencies exceeding ~385 kHz. In total this represents an 
order of magnitude drop in spectral power over a decade in 
frequency, f, thus corresponding to a 1/f decline. By 
comparison, the planetary rotation modulation is strong 
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throughout the frequency band, although it also varies with 
frequency. The rotation modulation approximately follows the 
shape of the emission flux density spectrum which also has a 
peak near 200-300 kHz (ref. 6). Below 100 kHz, however, the 
Saturn rotation modulation increases sharply due, we think, toa 
possible low-frequency (f < 100 kHz) emission component’. 

Only those radio events which exceeded a constant flux 
density threshold, in this case 2 x 107! W m”? Hz”! normalized 
to an equivalent observer-Saturn distance of 1 AU, were used to 
derive the frequency dependence shown in Fig. 6. Because there 
is some dependence of spectral power on the choice of flux 
threshold used, we examined the effect on the frequency- 
dependence curve of varying this threshold. We found that, over 
a two decade range of flux densities, the modulation is always 
greatest at low frequencies with no statistically significant 
modulation appearing at f >400 kHz. The results shown for 
early December (Fig. 5) are clearly consistent with this 
frequency dependence. We conclude that the 66-h modulation 
is strongly and inversely dependent on frequency. 


Discussion 


In the two intervals of time during which significant modulation 
occurs near a spectral period of 66 h the modulation (1) varies 
inversely with frequency and (2) persists for short intervals 
limited to 3-5 cycles of the 66-h period. The phase of the 
modulation is not constant, however. The observed phase of the 
emission gap changes from about 270° Dione phase for the 
November episode to ~30° phase for the December episode. 

Phenomenologically this modulation differs dramatically 
from the way in which Io is observed to control the jovian 
emission (DAM). Io enhances rather than quenches the emis- 
sion level of DAM; the Io effect is, to first order, independent of 
frequency; the phase of the emission is fixed with respect to the 
observer, not the Sun; and, finally, Io control is not an inter- 
mittent phenomenon. 

If Dione is responsible for the 66-h modulation of the SKR, it 
is difficult to imagine what mechanism could cause such an 
effect. Certain features, namely the cutoff in observed emission 
level and the 1/f frequency dependence, are consistent with 
preferential absorption or strong refraction of SKR at low 
frequencies due to a moderately dense plasma associated with 
Dione. In fact, Pioneer 11 (ref. 7) and Voyager" observations 
seem to support the existence of a 15 to 20 cm”? electron plasma 
in the vicinity of 4-8 Rs. Dione, at 6.3 Rs, is within this plasma. 
However, other observed features of the modulation are 
inconsistent with this simple picture. One might expect, for 
example, a more pronounced modulation on the inbound 
observing period when Voyager, at a saturnigraphic latitude of 
+8°, viewed the emission from a point closer to the equator 
plane. Instead, the outbound geometryseems more favourable, 
when Voyager was at +26° latitude. Also, during the first 
episode of the Dione modulations, one of the SKR gaps occur- 
red near closest approach when Voyager 1 was at high southern 
latitudes. Furthermore, the variable phase of the modulation 
makes any simple absorption picture difficult to model. 

An alternative method of cutting off the emission includes a 
more dynamic interaction between Dicne and the radio source 
region. There is some evidence that Dione may be stimulating 
field-aligned currents, perhaps as Io does at Jupiter’. If so, 
Dione may act, in some as yet unspecified way, to quench the 
emission process physically. The Dione flux tubes do intersect 
the modelled‘ radio source region; however, the orbital phase of 
the intersection is near 120° Dione phase, not the preferred 270° 
or 30° gap locations. Thus neither the absorption nor dynamic 
quenching models are especially attractive, and we hope that the 
Voyager 2 observations of SKR near closest approach will shed 
some light on this perplexing problem. 
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Voyager 1 observations of Saturns kilometric radio emissions reveal a strong but apparentl y transitory control by the orbital 
phase angle of Dione. This may be a geometrical effect and a time-variable plasma torus associated with Dione could 
explain most of the observed details of the Dione modulation by creating a shadow zone near the equatorial plane. 





THE Voyager planetary radio astronomy investigation provided 
the first incontrovertible evidence of nonthermal radio emis- 
sions from Saturn’. The radiation spectrum peaks in the 
kilometre wavelength regime near 200 kHz and periodicities in 
the occurrence of the radio bursts give an internal planetary 
rotation period of 10h, 39.9 min (ref. 2). Observations of the 
radio emission at 56.2 kHz by the plasma wave instrument on 
Voyager 1 revealed a modulation of the intensity of the radio 
emission with a period very close to the orbital period of Dione 
indicating that some control of the emission was a function of the 
orbital phase of the moon’. This control was also reported by the 
planetary radio astronomy investigation? with the maximum 
effect seen at lower frequencies’, but extending as high as 385 
kHz. The magnitude of the Dione influence is not constant in 
time and was strongest near closest approach. (Dione has a 
radius of 560 km (ref. 6) and is 6.29 Rs from Saturn in an orbit 
whose eccentricity is 0.002.) 

Here we analyse the effect of Dione’s orbital phase on the 
emission of radio waves from Saturn to explain the apparent 
transitory nature and suggest a mechanism for the interaction 
with the moon. 


Nature of Dione’s influence 

We begin by describing the saturnian kilometric radio (SKR) 
spectrum below ~ 56 kHz. Figure | is a typical event as seen by 
the plasma wave instrument as Voyager approached Saturn on 
11 November 1980. The amplitude of radio signals as a function 
of time for the upper five channels of the plasma wave spectrum 
analyser’ are shown. The height of the solid black area 
represents the average power flux (W m`? Hz”'). 

The radio burst shown in Fig. 1 increases in amplitude with 
increasing frequency to a peak at least as high as the upper 
frequency limit of the instrument (56.2 kHz). The emission is 
highly time-variable, changing in amplitude by nearly an order 
of magnitude on time scales of a few minutes. While gross 
amplitude changes track fairly well from one channel to the next, 
many of the fine-scale features are totally uncorrelated with 
those of adjacent channels indicating narrowband elements in 








Fig. 1 A typical example of saturnian kilometric radiation extending from 
near 10 kHz to above 56 kHz. 


the spectrum. Hence, the temporal variations of the SKR are 
similar in many respects to the auroral kilometric radiation from 
the Earth. The low-frequency cutoff of the saturnian emission 
has been reported’ to be frequently near 60 kHz; however, Fig. 
1 shows that the emission is detectable at frequencies as low as 
10 kHz. 

We specifically consider the correlation between the orbital 
phase angle of Dione, @pione, and the amplitude of the 
kilometric radio emission which was originally demonstrated by 
Gurnett et al.*, who showed that in addition to the 10 h 39.9 min 
modulation related to Saturn’s rotation, the emission was 
strongest when Dione was in the local dawn sector. Figure 2 
plots the hourly average power flux of the radio emission at 56.2 
kHz as a function of radial distance; also shown is a dashed line 
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Fig. 2 A plot of hourly average values of the 56.2 kHz plasma wave 

receiver channel as a function of radial distance from Saturn, The narrow 

bursts are emitted at a period of ~10h 39.9 min and generally rise in 

amplitude with decreasing R approximately as R~*, The arrows indicate 

times when Dione is at local dusk and correspond closely to periods when 
there is little or no radio emission. 


with a R~? dependence. The arrows indicate times when Dione 
was at local dusk (@pione = 270°) and correspond to periods 
when there is little or no kilometric emission. Figure 2 suggests 
that the effect of Dione is to suppress or attenuate the saturnian 
radio emission when @pione = 270°. (The nearly-constant 
minimum signal strength of ~8x10°'°Wm™? Hz"! cor- 
responds to the receiver noise level.) The peaks of the 10 h 39.9 
min bursts approximately follow a R~? dependence except for 
periods within ~ 200 Rs when the amplitude of the peaks fall 
well below the curve coincident with the passage of Dione 
through the dusk sector. Beyond ~ 200 Rs on the inbound leg 
and ~ 165 Rs on the outbound leg the periodic suppression in 
phase with Dione’s orbital motion is no longer evident. The 
Dione suppression might explain the apparent north~south 
asymmetry in the source strength at lower frequencies reported 
by Warwick et al.* since Dione was near local dusk for most of 
Voyager 1’s trajectory through southern latitudes. 

Analysis of traces similar to that in Fig. 7 of ref. 3, and the 
present Fig. 2, shows that a clear signature of the Dione modu- 
lation is not present before day 308 or after day 325 of 1980. 
These dates correspond to Voyager—Saturn distances of 227 and 
165 Rs, respectively. To illustrate the transitory nature of the 
Dione effect further, we show the result of a statistical study of 
the occurrence of kilometric radiation as a function of Dione’s 





G028-1836/8 1 /340742-04801.00 


© 1981 Macmillan Journals Ltd 


Nature Vol, 292 20 August 1981 





-15 cl 





i 








iG ?- ec ere eee SENE 
SEPTEMBER 26 — NOVEMBER 5, 1980 









b 





ee a 


POWER FLUX { 
©, 
4 
PETET LE 





_— 
90° 
(DAWN) 


Qo 90° 180° 270° 360° 0 


(DAWN) (DUSK) 


awen 


4 NOVEMBER 5 - NOVEMBER 21, 1980 





PESEE AE D 





360° 


are 


(DUSK) 


30° 480° 


(DAWN) 


Boe 270°  30°0 


(DUSK} 


ORBITAL PHASE ANGLE OF DIONE 


Fig.3 Plots of the 98% amplitude as a function of Dione’s orbital phase angle for the distant inbound, near encounter, and distant outbound Voyager 1 trajectories 
at 56.2 kHz. Note the strong Dione control near encounter and the complete lack thereof during the distant inbound anc outbound passes. 


orbital phase angle. The bar graphs in Fig. 3 show the power flux 
below which 98% of the samples fell for each of 12 phase angle 
bins. Recall that phase angle is measured positive eastward from 
a plane containing Saturn’s rotation axis and the Sun, with 0° at 
local midnight. Figure 3b includes all data covered by Gurnett et 
al. when the Dione effect is qualitatively most apparent. Figure 
3a, ¢ present results from the inbound and outbound legs when 
little or no Dione control was apparent. It is clear the distant 
inbound and outbound data show no significant trend. On the 
other hand, the difference in amplitude at the 98% level 
between phase angles near 90° and 270° is about two orders of 
magnitude for the two-week period near closest approach. For 
this period, Dione clearly has an important role in determining 
the amplitude of Saturn radio emissions at 56.2 kHz. 


Discussion 


There are many possible interactions by which a moon may 
influence the generation of magnetospheric radio emissions. We 
shall attempt to narrow the list of likely candidates to one or two 
which are consistent with all or most of the observations. We 
assume the SKR originates at relatively low altitudes on high 
latitude field lines, presumably in the auroral region as sugges- 
ted by Kaiser et al". 

We first need to explain the transitory nature of the effect. A 
truly transient process which is active for two weeks and then 
inactive for long periods of time requires a mechanism to 
stimulate the control. The long-term studies show no Dione 
effect* so the active periods must be quite rare. Hence, it is 
strange that the effect was seen coincidentally with closest 
approach and we shall argue that the effect is not transitory but 
depends on the location of the observer. 

The simplest explanation of the transitory nature of the Dione 
control is geometric in nature and specifically related to Voy- 
ager's low latitude or small distance from the equatorial plane of 
Saturn around closest approach. The effect became apparent 
around day 308 when Voyager 1 was at 8.3° latitude and about 
33 Rs above the equatorial plane. On day 325, when the effect 
apparently disappeared, the spacecraft was at a latitude of 25.4° 
and 71 Rs above the equatorial plane. A second episode of 
Dione control in early December has been reported by the 
planetary radio astronomy team’. The effect is visible in the 
plasma wave data at 56.2 kHz, however, we are not confident in 
interpreting our data as a genuine Dione effect at this time. 
Should this be a valid episode, however, our conclusion of a 
geometric effect would be in jeopardy. 

Figure 2 showed Dione attenuated the saturnian radio emis- 
sion as opposed to stimulating or amplifying it. The attenuation 
could be caused by a propagation effect or by a basic change in 
the source itself. In either case, the most likely interaction 
mechanism is a change in magnetospheric density associated 
with the satellite. A decrease in density could only be accom- 
plished by a sweep-up effect and this is hardly a time-variable 
process capable of disturbing the inner magnetosphere on time 


scales of a few days. An increase in magnetospheric density, 
however, is plausible as the result of a process which liberates 
particles from the moon making the moon a plasma source. This 
type of process occurs in the jovian system with Io being the 
primary source of plasma. 

Frank et al.” argued that Dione could be a reasonable source 
for an oxygen torus at Saturn. A peak in the ion density at 
Dione’s orbit with density and temperature profiles reminiscent 
of those at Io in Jupiter’s magnetosphere suggests that Dione, 
like Io, is a plasma source. Also, the water ice or frost surface of 
Dione opens the possibility of plasma production through dis- 
sociation and ionization. A ledge-like structure in the plasma 
torus near Dione’s L-shell has been reported’”, and similarities 
of this structure with that observed at Io in Jupiter’s magneto- 
sphere suggest a plasma source. Evidence from the Pioneer 11 
magnetometer’! also suggests a process involving plasma 
production. On the inbound Pioneer trajectory, significant 
magnetic field perturbation was seen at Dione’s L-shell but no 
effect was observed on the outbound leg. Local time of Dione 
was ~21h (pins ~ 315°) and ~15 (pion ~ 15°) for the 
Pioneer inbound and outbound Dione L-shell crossing, respec- 
tively. Although there are several possible explanations, this 
magnetic field signature is consistent with a ring current asso- 
ciated with Dione which varies with @ pions 

An increase in magnetospheric density could affect radio 
emissions by modifying conditions at the source of the radiation. 
There is some evidence that the Earth's auroral kilometric 
radiation is quenched by increasing the density in the source 
region, however, Gurnett and Anderson’* have stated that 
this is not very likely. Another difficulty with direct modification 
of the source is that the plasma produced at Dione would have to 
have easy access to the source. If the radio source were in the 
auroral region, it is unlikely that an equatorial plasma source at 
L~6 could effectively modify the density in the auroral zone. 





GENERATION’ 
REGION 


Fig. 4 How a Dione-related torus would refract radio waves from Saturn 
away from the equatorial region. A similar effect was found for broadband 
kiometric radiation from Jupiter, 
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Fig. $ An image of the trailing hemisphere of Dione taken by Voyager | 

when Dione was near local dusk. Mote that this sunlit hemisphere is 

dominated by bright wispy features which are probably fresh outcroppings of 

water ice or frost. The frost may be a source of plasma for a torus whose 
density fluctuates with the same period as Dione’s orbit. 


The alternative is to assume that an increase in plasma density 
associated with Dione affects the propagation of radio waves 
through refraction or reflection as represented in Fig. 4. We used 
the model torus from ref. 3, although the model shown by Bridge 
et al.'® would give essentially the same effect. Waves with 
frequency less than or equal to the local plasma frequency in the 
torus cannot penetrate the torus. Waves of higher frequency will 
be refracted away from the equatorial region, although the effect 
will diminish with increasing frequency. 

Many observations suggest that the model shown in Fig. 4 is 
viable. First, the density of the plasma torus as measured by 
Pioneer 11 (ref. 9) and Voyager 1 (refs 3, 10) is of the order of 
40 em” corresponding to a plasma frequency of 57 kHz. Waves 
below this frequency could not penetrate the torus and waves 
well above 100 kHz could undergo substantial refraction. This 
refraction is consistent with the frequency dependence of the 
Dione effect reported by Desch and Kaiser’, as lower frequen- 
cies tend to be refracted most Second, because preliminary 
observations*'® suggest the plasma is confined near the equator, 
waves propagating near low latitudes would be most affected. 
Therefore, we expect a low-latitude shadow zone as was found 
for the jovian kilometric radiation’®'’. A shadow zone near the 
equator would explain the presence of a Dione control only near 
encounter when Voyager 1 was close to the equator. The 
asymmetry in the latitude at which the effect appears and 
disappears could well be a local time asymmetry in the thickness 
or density of the torus. 

How then does the orbital phase angle of Dione modulate the 
emission? It is important first to establish that the modulating 
effect of the torus is longitudinally symmetric. The evidence is 
embodied in Fig. 7 of ref. 3 and Fig. 2 of this paper. Note that the 
phase of the Dione effect did not change as Voyager moved from 
near local noon before encounter to local early morning after the 
encounter. If there were a localized cloud of plasma which 
orbited Saturn, a phase shift would have been apparent as the 
viewing point changed. As the phase did not change, the modu- 
lation effect must be longitudinally symmetric. This longitudinal 
symmetry should be fairly easily achieved due to the rapid 
corotation of the plasma which will quickly distribute plasma in 
longitude even though the source may be localized. 

To explain the dependence of the torus density on the orbital 
phase angle of Dione, we suggest that Dione may be a plasma 





source only when it is near local dusk. Hence, the plasma cloud 
produced dissipates on a time scale of about a day so that by the 
time Dione is near local dawn the torus density has decreased by 
a factor of say, two. Because the trailing hemisphere of Dione is 
always the same, a hemispheric asymmetry in direct particle 
sputtering processes cannot explain the dawn—dusk asymmetry. 
On the other hand, there are obvious asymmetries in the surface 
features of Dione. Figure 5 shows Dione near local dusk. The 
trailing hemisphere shows a complex pattern of wispy features 
which do not appear on the opposite hemisphere of Dione. 
Smith et al. suggest the bright markings are controlled by a 
regional system of fractures or faults possibly formed or re- 
opened by internally generated stresses. The bright material is 
probably water ice and it is tempting to speculate that this 
relatively fresh surface frost is photosputtered when the trailing 
hemisphere is sunlit as it is when Dione is near local dusk, or that 
photodissociated volatiles produce the plasma. 

Carlson'* and Frank eral.” have discussed the rings as possible 
sources of plasma in the saturnian magnetosphere. Of processes 
such as photosputtering, ion sputtering, sublimation with 
subsequent photodissociation, and others, photosputtering 
seems to be the most efficient mechanism. It would be a con- 
venient mechanism for an orbital phase-dependent source of 
plasma at Dione in view of the hemispherical asymmetry of the 
wispy features shown in Fig. 5. Taking the hydrogen atom flux 
derived by Carlson'® of ~10°cem™?s'', Dione can produce 
~10** atoms s”' (assuming the entire sunlit hemisphere is a 
source and photosputtering is applicable to Dione). If the time 
scales for both creation and dissipation of the plasma torus are 
~1 day (to provide a 2.74-day modulation period), then the 
production/loss rate must be the order of 10*°s°'. We have 
assumed a torus 4 R, thick, centred at 6 Rs, which fluctuates 
between 20 and 40cm™*. Obviously, photosputtering is not 
sufficient to produce a dense torus on the time scale of a day. 

If we assume that the other processes considered by Carlson 
are no more efficient than photosputtering, we must consider a 
mechanism which is based on the release of volatiles from 
fractures in Dione’s crust and subsequent photodissociation. 
Presumably the volatiles would be released into the exosphere at 
a constant rate but preferentially from the wispy hemisphere. 
Photodissociation of the molecules would occur only during the 
dusk sector of Dione’s orbit when the wisps are sunlit. This 
mechanism is largely speculative and production rates depend 
on rate of volatile release, the type of volatile, and photodis- 
sociation rate. However, the injection rate at Io has been 
estimated’? at 2x 10°°*! ions s”', about 200 times that required 
at Dione. 

The proposed fluctuating torus model also requires a dis- 
sipation rate of the order of 10% s~', Richardson et al.'° point 
out that outward radial diffusion through flux-tube interchange 
is the predominant loss mechanism at Jupiter and given that 
oxygen or some other heavy ion is an important constituent of 
the Dione torus”’ the centrifugally-driven interchange 
instability is likely to be important at Saturn, also. 

We have arrived at a model which is similar in part to effects 
observed at Jupiter. We propose that Dione is responsible for 
the production of plasma when it is near local dusk which forms a 
longitudinally symmetric torus. The torus then casts a radio 
shadow on low latitudes so that the saturnian radio emission 
cannot be seen by a spacecraft near the equator. The torus 
decays with a time constant of about one day so that as Dione 
approaches local dawn the usual saturnian emission reappears. 
The possibility of an additional Dione-control episode’ in early 
December, 1980 at @pione ~40°, however, presents an even 
more perplexing situation to be explained involving a shift in the 
phase of the control, 
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An analysis of Voyager 1 pre-encounter data is presented in which one-month averages of flux density from Saturn are 
determined as functions of both central meridian longitude and frequency. Comparisons of corresponding distributions for 
two one-month intervals seven months apart yield information on their stability, and a redetermination of the magnetos- 


pheric rotation period. 





THE detection of a nonthermal component of Saturn’s thermal 
radio emission has proved to be difficult. No synchrotron radia- 
tion from the planet has yet been found, and pre-Voyager 
searches for a nonthermal component at low frequencies were 
inconclusive. An unsubstantiated identification of such emis- 
sion' was made near 1 MHz, but not until Voyager 1 had 
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approached to within 3 AU was a nonthermal radio component 
positively identified’. This radiation is not unlike the kilometric 
bursts from the terrestrial and jovian magnetospheres. Most of 
the activity is between ~70 and 300kHz, and is polarized 
predominantly in the right hand sense**. The probability of 
occurrence tends to vary in a more or jess repeatable way with 
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Fig. 1 Histograms of average flux density per 10° interval as a function of central meridian longitude for specified time intervals and frequencies. Averaging extends 
over inactive as well as active periods. Right hand (RH) and left hand (1H) polarized components are plotted separately. Small and negative flux densities result from 
background fluctuations when Saturn radiation is very weak, accentuated at times by slight errors in baseline determination. 
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the rotation of the planet. From an analysis of this periodicity 
over several months before the Voyager 1 encounter, Desch and 
Kaiser’ arrived at a rotation period of 10 h 39 min 24(+7) s, the 
presently accepted value for Saturn’s magnetosphere. This 
period is the basis for the Saturn longitude system (designated 
SLS) in current use for specifying central meridian longitude 
(CML). 


Observations 

The data used in this analysis were obtained by Voyager 1 during 
two periods extending from 24 February to 30 March 1980, and 
from 8 October to 7 November 1980. Closest approach to 
Saturn was on 12 November 1980. The measurements were 
made with the low band recziver of the planetary radio 
astronomy experiment’, at 28 selected frequencies from 20.4 to 
1,038 kHz. In calculating flux censity as functions of CL and 
frequency, the averaging intervals covered inactive as well as 
active periods. Data reading and manipulation was computer- 
ized, except for preliminary editing when data containing 
interference from within the spacecraft, from the Sun, or from 
Jupiter were excluded. Solar bursts were easily identified but 
Jupiter bursts, which more closely resemble those from Saturn, 
were identified in most cases by locating the same event on the 
Voyager 2 record and noting the difference of onset times. As 
Voyager 2 was much closer to Jupiter than Voyager 1, nearly 
every jovian event appearing or: a Voyager 1 record could also 
be seen on the corresponding Voyager 2 record with greater 
intensity and earlier onset time. For each of the two circularly 
polarized components at each frequency one or more short 
segments of undisturbed baseline were selected from each 24-h 
run (except for a very few runs in which no activity lull occurred). 
Zero-flux density baselines fitted to these segments were 
subtracted from the data points within that 24-h interval. 
Following the background subtraction and the application of an 
appropriate calibration factor, flux densities were normalized to 
a standard 1 AU spacecraft distance. Histograms of average flux 
density for 10° CML intervals formed the basis for subsequent 
analyses. 


Results and discussion 


Eight pairs of representative histograms are shown in Fig. 1. The 
two in each pair are for the same frequency, one for the first and 
the other for the second data period. Although the CML regions 
of maximum and minimum activity approximately coincide for 
histograms at the same frequency, the differences seen are 
probably due to statistical fluctuations. An extreme case of this is 
seen in the 481.2 and 577.2 kHz histograms, in which the 
radiation during the first data period is so weak that background 
fluctuations dominate. At the same two frequencies for the 
second data period, when the spacecraft was close to the planet, 
the distribution is very clearly defined. 
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Fig. 2 Special distributions of average flux density (lower curve) and of 
‘peak’ or 97 percentile flux density (upper curve). Error bars indicate 90% 
confidence range for the latter. Flux densities in Wm? H2™'. 
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In addition to statistical fluctuations, there seem to be system- 
atic differences. For example, a secondary peak often appears 
near 360° in the second histogram which is not present in the first 
one. Such differences are unlikely to be latitude effects. The 
saturnigraphic latitude of the spacecraft on the median dates of 
the two data periods was 9.1° and 8.7°, respectively, unlikely to 
cause an observable effect: nor was the difference in saturnian 
local time at the spacecraft enough. The systematic differences 
are most likely due to temporal instability possibly caused by 
some alteration of the magnetospheric plasma distribution, and 
even of the multipole structure of the magnetic field, over the 
seven-month interval between the two data sets. 

Figure 1 shows that the right hand (RH) circularly polarized 
component is much stronger than the left hand (LH) one, The 
histograms suggest that the ratio of LH to RH flux densities may 
be smaller in the vicinity of the main peak (near 100°) than 
elsewhere; however, this ratio would be subject to large errors 





Table 1 Rotation period measurements 








Rotation 
Frequency Shift Correlation period 
(kHz) (deg) Mean coefficient Mean (10h 39min+) 

97,2 -11 0.90 
154.8 -30 0.90 
174.0 -5 0.92 

~15 0.91 21s 
212.4 1 0.91 
231.6 3 0.90 
250.8 ~10 0.90 
270.0 ~10 0.90 

~4 0,90 23s 
289.2 -2 0.87 
308.4 -17 0.88 
346.8 ~21 0.87 
385.2 -5 0.96 

“Li 0.89 22s 


Weighted mean rotation period: 10 h 39 min 22 s. Maximum deviation of the 
three values from the mean: 1s. SLS rotation period (Desch and Kaiser’): 10h 


39 min 24(+7) s. 
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outside the main peak region because of the relatively low flux 
density values there. 

The spectral distribution of average flux density (RH and LH 
combined), shown in Fig. 2, was obtained by integrating the 
histograms of average flux density against CML for each of the 
28 frequencies for the second data set. This curve closely agrees 
with that corresponding to the first data set, except at those 
frequencies at which the signal-to-noise ratio in the first set was 
poor. Nearly all of the radiation occurs below 1 MHz, and the 
broad spectral peak has its maximum at ~ 150 kHz. Figure 2 also 
shows the spectral distribution of the 97-percentile level of the 
individual flux density measurements (RH and LH combined) in 
the second data set. This is the level which is exceeded 3% of the 
time. Each point on the 97-percentile curve is the mean of the 
24-h 97-percentile values for the 1-month period. 

Integration of the average curve of Fig. 2 yields the 1 AU 
equivalent of the average power per unit area (5.3x 
10°’ Wm?) reaching the spacecraft at all frequencies. The 
corresponding isotropic equivalent average power of the satur- 
nian radio source is 1.5 x 10° W. This is ~0.4% of the isotropic 
power equivalent for all the jovian emission below 40 MHz, or 
about five times that of the jovian kilometric emission (below 
300 kHz)°. A similar integration of the 97-percentile curve in 
Fig. 2 could not be used to calculate a 97-percentile isotropic 
equivalent power, because emission peaks do not occur simul- 
taneously at all frequencies. 

Single-frequency pairs of histograms such as those in Fig. 1 
allow a more precise determination of Saturn's magnetospheric 
rotation period. Our method was previously used successfully to 
redetermine Jupiter’s radio rotation period’. Each histogram in 
a single-frequency pair represents data from a period of about a 
month, and the interval between the medium dates of the two 
data periods was ~224 days (1.935 x 10’ s). The histograms are 
based on the SLS rotation period’. From the measured shift of 
the second histogram in each pair with respect to the first, the 
correction to be applied to the SLS period was calculated. The 
histogram for the RH component was used in each case although 
the sum of the RH and LH components could have been used 
instead. The correct histogram shift was indicated by the prin- 
cipal maximum of the cross correlation function for the pair. The 
corrected rotation period, Phew, was then calculated from the 
formula 

Pree = Pash 1+ 25) 
where Pss is the SLS period, AL is the longitude shift (in 
degrees) of the second histogram with respect to the first at the 
cross correlation maximum, and T is the time between the 
Received 13 May; accepted 8 July 1981. 
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median dates of the two data sets from which the histograms 
were plotted. The signal-to-noise ratio during the first data 
period was considered adequate for cross-correlation of 12 of 
the 28 originally selected frequencies. Plots of the regions about 
the principal peaks of the cross-correlation functions for the 
histogram pairs at these 12 frequencies are shown in Fig. 3. The 
principal peaks in 11 curves occur between —30° and 4°. Most of 
the curves also exhibit a secondary peak in the vicinity of —80°. 
For 78 kHz the positions of the principal and secondary peaks 
are interchanged; this curve was rejected. The longitude shifts at 
the cross-correlation maxima for the {1 remaining curves, and 
the correlation coefficients are presented in Table 1. These 11 
measurements are not completely independent, because 
whenever activity is observed on a given frequency channel, it 
most likely occurs at about the same time on one or more nearby 
channels. Desch and Kaiser (personal communication) have 
found the 1/e decorrelation bandwidth of the Voyager pre- 
encounter Saturn emission to be ~115 kHz, We therefore 
averaged our 11 shift measurements in three groups, the centre 
frequencies of which are separated by nearly this amount, as 
indicated in Table 1. The resulting averages, which lie within 
~1s of the mean (10 h 39 min 22 s), are believed to be largely 
independent. The mean differs from the SLS period by only Zs 
The close agreement of our three measurements suggests that 
their statistical precision is better than the +7 s quoted for the 
SLS determination. However, Desch and Kaiser believe that 
this uncertainty is due to a basic instability in the averaged 
pre-encounter saturnian emission pattern. If this is true it 
suggests that the close agreement of our measurements is acci- 
dental. Further rotation period determinations over different 
time intervals should settle this question. 

To approach maximum statistical precision using our method, 
a near-optimum combination should be sought for three inter- 
vals: (1) the data collection interval for the first histogram; (2) 
that for the second histogram (assumed to be as close to 
encounter as possible without producing excessive latitude 
change), and (3) the interval between the median dates of the 
two histograms. The latter should provide an adequate temporal 
baseline over which to measure the rotation period, yet not 
make the Saturn events in the first interval too weak or too 
infrequent. We believe that a large part of the difference in the 
shapes of our first and second histograms in each pair results 
from the relatively low signal intensity relative to the back- 
ground noise during the first interval. We should be able to 
improve our precision (and evaluate it) soon by using more 
recent Voyager 1 and 2 data. 

We thank M. D. Desch and M, L. Kaiser for unpublished 
decorrelation bandwidth data, and for helpful comments. 
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Plasma wave turbulence at planetary bow shocks 
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Voyager 1 observations of plasma wave turbulence at Saturn’s bow shock are discussed and compared with corresponding 
data from Jupiter, Earth, and Venus. The results suggest that the plasma instabilities that develop at the lower Mach number 





bow shocks of the terrestrial planets differ from those found at the high Mach number bow shocks of the outer planets. 


AS the solar wind streams out from the Sun, its flow speed 
remains constant, but its plasma density, ion and electron 
temperatures, and mean interplanetary magnetic field strengths 
all have distinct and varying radial profiles. Thus, the dimen- 
sionless interplanetary parameters that determine how micro- 
scopic plasma processes develop change with heliocentric dis- 
tance. We therefore expect to find significant radial variations in 
several important interplanetary plasma phenomena. This is 


very important to collisionless shock studies, in particular, 
because some combinations of plasma parameters occurring 
naturally in the solar wind have not yet been attained experi- 
mentally. 

The planetary bow shock also forms in the solar wind, and this 
means that the characteristics of these very high Mach number 
discontinuities will vary across the Solar System as the expand- 
ing wind encounters each planet at a different radial position. As 
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the processes that develop at the bow shock directly affect the 
properties of the post-shock plasma that actually impacts the 
ionopause or magnetopause, comparative planetary studies 
must include comparison of the bow shock turbulence spegtra 
and associated wave-particle interaction phenomena. We now 
discuss recent Voyager 1 observations of plasma wave turbu- 
lence at Saturn’s bow shock, and present an initial comparison of 
these wave measurements with corresponding data from 
Jupiter, Earth and Venus. The results suggest that the plasma 
instabilities that develop at the lower Mach number bow shocks 
of the terrestrial planets differ from those found at the high 
Mach number bow shocks of the outer planets. Thus the state of 
the post-shock plasma varies significantly from one planet to 
another. 


Saturn bow shock crossings 


As noted by Gurnett et al.', the selar wind upstream from Saturn 
was remarkably quiet in the 10 Hz-56 kHz range covered by the 
Voyager 1 plasma wave instrument. The only regular signals 
observed in this region were repetitive series of Saturn radio 
emissions”. We also detected a single cluster of intense 3 kHz 
noise bursts between 17.05 and 17.20 on 11 November 1980, 
when the Voyager to Saturn distance was 32.4 Rs. We interpret 
these 3-kHz waves as electron plasma oscillations associated 
with suprathermal electrons streaming back from the shock, but 
when these emissions disappeared, Voyager was still in the solar 
wind, Terrestrial experience with similar sequences of obser- 
vations suggests that the bow shock was actually near the 
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Fig. 1 Sixteen-channel measurements of plasma wave amplitudes at the 
inbound crossing of Saturn’s bow shock. Several sporadic interference 
effects have been deleted. The 31.1-kHz and 56.2-kHz levels represent 
radio emissions from Saturn, and we interpret the 3.1-kHz waves as electron 
plasma oscillations. 


spacecraft just after 17.00, but that the shock surface receded 
back towards the planet in response to a change in solar wind 
conditions. Similar 3-kHz bursts were detected again after 
23.22, and these waves persisted until 23.27 when Voyager 
made its only inbound bow shock crossing at a radial distance of 
26.1 Rs. Figure 1 shows all of the 16-channel wave measure- 
ments for this event, and it can be seen that the shock was thin 
and well-defined in terms of the low frequency (f <1 kHz) wave 
activity. These bandpass channel amplitude profiles are very 
similar to those found when Voyager 1 approached Jupiter? 4, 
and in both cases, the post-shock magnetosheath noise levels 
seem to be exceptionally low. 

Just before 12.27, the wind speed (V) and density (N) were® 
420 km s™' and 0.11 ions cm”*, and the magnetic field strength 
(B) was® about 0.3 nT. Here, the upstream proton and electron 
temperatures were ~1.5x 10° K and 2.3 10* K, respectively 
(J. Scudder, personal communication). For these parameters, 
the Alfvén speed, V,(=[B?/4aNm.]'””), is only 20 km s~’, and 
the magnetosonic wave speed, Vms (=[V4. + VII? with V.= 
L(SKT./3+kT.)/m.]'"), is ~28kms"!. Hence, the Mach 
numbers for the collisionless shock of Fig. 1 are remarkably high 
(Mms = V/ Vins = 15, and Ma = V/ Va =21), and this event is 
probably one of the highest Mach number collisionless shocks 
for which any in situ observations are available. 

Before comparing plasma wave measurements for the rela- 
tively well-defined dayside bow shock crossings at Saturn, 
Jupiter, Earth and Venus, we discuss characteristics of the 
outbound bow shock encounter with Saturn on the nightside 
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Fig. 2 Sixteen-channel measurements of plasma wave amplitudes at the 
diffuse outbound crossing of the bow shock. Here, the 10-56 kHz waves are 
Saturn radio emissions, and the gap between 05.53:23 and 05.54:11 
corresponds to an interval when the Voyager tape recorder was acquiring 
waveform data. 
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Fig. 3 Multi-planet comparison of 
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plasma wave spectra. a Was constructed ae pe 
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measurements of Figs 1 and 2. The solid 
and dashed spectra represent the inbound F 
and outbound crossings, respectively. The 
characteristic frequencies shown at the 
top are the electron cyclotron frequency 
(fee), the ion plasma frequency (fpi), the 
Buneman mode frequency (f,), and the 
electron plasma frequency (f,,.). Although 
the spectra for Earth (c), Jupiter (6) and 
Saturn (a) all have a primary or secondary 
peak in the noise spectrum between fu 
and fp the intense low frequency 
enhancement which is evident in most 
terrestrial spectra and all the Venus 
observations is not found at Jupiter or 
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almost midway between local midnight and dawn. During the 
interval 05.50 to 06.18 on 16 November when Voyager 1 was at 
78 Rs, the spacecraft traversed a relatively diffuse transition 
layer separating the magnetosheath from the solar wind. Figure 
2 shows the relative thickness of the outbound shock and the 
variability in the plasma wave amplitude profiles; this is charac- 
teristic of a quasi-parallel shock configuration that is usually 
associated with an extensive region of upstream disorder, and it 
seems that after 06.18, much turbulence was present for an 
extended period. Ness et al.° noted the elevated r.m.s, magnetic 
field noise levels which indicate that enhanced low frequency 
electromagnetic wave activity was present after 06.18. The 
plasma wave instrument was able to detect Saturn-associated 
bursts of ion acoustic waves and electron plasma oscillations out 
to at least early December more than 400 Rs away from Saturn. 
These results are readily understandable because at 9.5 AU, the 
Parker spiral model leads to an average interplanetary field 
oriented almost perpendicular to the Saturn~Sun line. Thus, the 
Saturn ‘upstream region’ or ‘foreshock’, which can develop 
when the B-field intersects the shock surface, was encountered 
after closest approach rather than before. 


Planetary bow shock turbulence spectra 


Pioneer Venus Orbiter provided the first data on plasma wave 
activity at the bow shock of a planet other than Earth in 
December 1978, and in March and July 1979, the Voyager 
spacecraft transmitted corresponding information from 
Jupiter’s bow shock. Following the 1980 Voyager 1 encounter 
with Saturn, it is possible to present a preliminary comparison of 
wave-particle interactions at four planetary bow shocks, but a 
comprehensive analysis must await Voyager 2 Saturn data. 

The IMP-6 study of Rodriguez and Gurnett’ serves as a 
reference for analysis of plasma waves at the terrestrial bow 
shock, and Fig. 3c shows the average electric field spectra 
detected at 36 representative crossings of the shock surface. For 
these crossings, the average solar wind density was 5.2 particles 
cm~, and the average magnetic field strength was 7.5 nT; these 
values yield a mean electron plasma frequency (fpe = 9,000 VN) 
of 20.5kHz, an ion plasma frequency (f,;=210VN for 
protons) of 480 Hz, and an electron cyclotron frequency (fee = 
28B) of 210 Hz. These characteristic frequencies, along with the 
1.65 kHz value that is appropriate for the corresponding 
Buneman mode” characteristic frequency, fa (=[m./ m] foe) 
are marked at the top of Fig. 3. 

Rodriguez and Gurnett studied how the plasma wave spec- 
trum varied with changes in Alfvén and sonic Mach numbers, 
plasma fB-value (8 =8xNK[T,.+7;]/B’), ion temperature, 
electron-to-ion temperature ratio, solar wind density and shock 
normal angle. Plots of the mid-frequency (200 Hz-4 kHz) E- 
field amplitude against T,/T, showed a strong positive cor- 
relation, and a weaker one when the low frequency (20 Hz- 
200 Hz) E-field amplitude was used, but the extreme shapes of 
the shock spectra shown in Fig. 3c were not discussed in 
association with any particular groups of upstream plasma 








JUPITER 
VOYAGER-1,2 











i OD ASTO: SOON: AEEA CERU NURS PENE OENE SER PEN 








VENUS ; 
PIONEER ORBITER 
4 
| 


FREQUENCY (Hz) 


parameters. Indeed, as the upstream parameters associated with 
the Rodriguez and Gurnett data set varied over a huge range 
(0.5<N<19em?,2<B<17nT, 155M, <26.6,003 664 
4.5), there was no a priori reason to expect to find characteristic 
changes in shock spectra as we moved inward towards Venus or 
out to Jupiter and Saturn. Nevertheless, Fig. 3a, 6, d strongly 
suggests that the bow shock spectra at the other planets differ 
significantly from those detected at Earth. 

The 48 Venus spectra on Fig. 3d have been discussed else- 
where’: these spectra are limited because the Pioneer Venus 
instrument has only four filter channels and it uses short anten- 
nas which are affected by spacecraft interference. Nevertheless, 
the shock processes at Venus seem to generate much higher 
levels of low frequency (f < fp) plasma wave turbulence than do 
the corresponding processes at Earth [we use N(Venus)= 
(12+4) electrons cm™? and B(Venus)= (10+) nT to compute 
the characteristic frequencies shown at the top of Fig. 3d]. 

Recently the nine jovian spectra shown in Fig. 3b have been 
compared with the IMP-6 data. The Voyager 1 and 2 
measurements were all obtained during the dayside inbound 
passes, and the characteristic frequencies shown at the top 
correspond to N =(0.225+0.075) electronscm™* and B= 
(0.8+ 0.2) nT. The low frequency enhancement in electric field 
intensity, evident in most of the terrestrial wave spectra and all 
of the Venus observations, was not present at Jupiter. Assuming 
that these low frequency waves represent whistlers, it was 
speculated that whistler-mode noise may not be as important 
the jovian bow shock as at Earth and Venus. Alternatively, 
the Jupiter spectral peaks at higher frequencies could be 
attributable to plasma conditions in the distant solar wind 
that yield enhanced generation of ion acoustic or Buneman 
mode oscillations, rather than suppressed levels for the 
whistlers. 

Figure 3a shows the Voyager 1 Saturn bow shock spectra 
derived from the measurements of Figs 1 and 2; the solid lines 
connect one-minute averages for the inbound crossing, and the 
dashed lines refer to the outbound case. The Jupiter and Saturn 
shock spectra are quite similar and both have intensity peaks 
near the fpi and fp characteristic frequencies. It is difficult to 
identify these wave modes, however, as ion acoustic waves have 
phase speeds small compared with the solar wind speed; thas, 
Doppler effects could account for large frequency shifts, and 
these waves may have f © f,; in the solar wind rest frame. As the 
heliocentric distance increases, there appears to be asignificant 
and consistent variation in the average bow shock turbulence, 
and we should therefore examine how some relevant inter 
planetary parameters vary from one planetary orbit to another. 

A complete investigation of the variations in bow shock 


microstructure requires comparative study of the eleciron and 
ion temperatures, thermal anisotropies, heat flux moments, and 


distribution function shapes, as well as comparison of the 
macroscopic upstream parameters such as magnetic field vector, 
solar wind velocity, and wind. density. Note that the average 
spectra shown in Fig. 3 can be associated with changes in average 
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Mach number. Specifically, using Mx= V/V, and V,= 
(B/(4aNm.'”), the mean B and N values cited above give 
M, (Venus) =6.3, M,(Earth) = 5.6, M,(SJupiter)=11, and 
M,(Saturn) = 21. This suggests that there may be a relation 
between Mach number and spectral shape. 

Support for this speculation comes from reanalysis of the 
IMP-6 bow shock observations. Although the result is not 
strongly evident in Fig. 3c, three of these spectra have ‘outer 
planet’ shapes in the sense that for these cases, the wave level at 
f= 100 Hz is much lower than the level at f= 100-1,000 Hz. 
These peaked terrestrial spectra were detected when the 
upstream conditions yielded a subset of high Mach numbers (P. 
Rodriguez, personal communication), and this tends to support 
a hypothesis that the Jupiter and Saturn shock spectra have 
unusual characteristics, primarily because the solar wind Mach 
numbers at the outer planets tend to be much higher than the 
customary values near 0.7-1.0 AU. 


Discussion 


On theoretical and experimental grounds it is known''? that 
several distinct dissipation mechanisms develop in collisionless 
shocks and that the dominant interaction depends strongly on 
the Mach number. For low Mach numbers (M < M* = 2-3), the 
shock is resistive, and for M > M*, viscous dissipation becomes 
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important. Above a second critical Mach number, M** = 6-7, 
theory™ requires other types of dissipation, but these very high 
Mach number shocks have not been intensively analysed. We 
now find that upstream conditions at the outer planets generally 
yield Mach numbers considerably higher than M**, and thus it is 
of great interest to find that the Jupiter and Saturn bow shock 
crossings have plasma turbulence spectra that resemble those 
found at Earth when M is high. The Jupiter and Saturn charac- 
teristics are also unusual in that the jump in electron tempera- 
ture across the shock is enormous (T2/T{ ~ 15 at Jupiter'*) and 
the magnetosheath wave levels are extremely low. 

In conclusion, our study of the bow shocks at Jupiter and 
Saturn has provided insight into collisionless shock micro- 
structure for an important new plasma regime, and helps to 
understand shocked plasmas of non-equilibrium characteristics 
that seem to be different from those found in the terrestrial 
magnetosheath. 
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Voyager 1 magnetometer data have shown that small-amplitude surface waves occurred on Saturn’s dayside magneto- 
pause, causing multiple inbound crossings of this boundary. These waves were travelling approximately parallel to Saturn’s 
equatorial plane along the magnetopause (‘tailward’), suggesting that they were driven by the rotation of Saturn's 
magnetosphere. Hydromagnetic waves ( possibly slow mode) were observed in the adjacent magnetosheath. 





ON 11 November (day 316) 1980 at 23.27 UT Voyager 1 
crossed Saturn’s bow shock on its inbound trajectory towards 
the planet. This was followed by a series of five, fairly regularly 
spaced magnetopause (MP) crossings ending at ~ 02.47 UT of 
day 317, and discussed in a preliminary report’. The analysis and 
interpretation of the magnetometer data taken over this + 3.5-h 
period is now discussed in terms of the first observations of 
surface waves on Saturn’s magnetopause, their characteristics, 
and a plausible connection between the magnetopause and 
hydromagnetic waves occurring in the magnetosheath, 


Observations 

The dual three-axis low field magnetometer system onboard 
Voyager 1 was in its most sensitive range of 0.0043 nT per 
quantization step for the entire period of interest. The 
measurements, at 0.060-s intervals, were probably accurate to 
+0.03 nT per axis. The magnetometer experiment is described 
in detail elsewhere’. Figure 1 presents 9.6-s averages of the 
magnetic field and shows the inbound bow shock, five 
magnetopause crossings, and the intervening magnetosheath. 
The inset shows the trajectory of the spacecraft projected on the 
orbital plane of Saturn; in the inbound magnetosheath the 
spacecraft was only about 10° below this plane (in a Saturn 
centred system). The two outstanding characteristics in the 
data are: (1) large quasi-periodic oscillations in magnitude (B) 
of the field in the magnetosheath that seem to grow in amplitude 





from the bow shock to the MP; (2) fairly regularly spaced 
MP crossings. 

Table 1 lists the centre times and durations (Ar) for the five 
MP crossings. The field latitudes are (8)=—75°, on the 
magnetosphere side of each crossing, as expected for Saturn’s 
distant front-side magnetosphere’*, and the field shows 
moderate draping at medium (positive) latitudes in the 
magnetosheath near the MP. That is, the magnetosheath field 
near the MP boundary is apparently being constrained to lie 
parallel to the MP as it is convected along the boundary. At more 
distant locations from the MP the magnetosheath field is closer 
to ô = 0° at (A) = 285°, The directional changes of the field across 
the MPs were large, permitting an accurate estimation of the 
normal to the MP surface for each crossing. 





Table 1 Inbound magnetopause crossings and normals 





day 317 
centre 
time At 
No. (h mins) (min) 


Method 1 Method2 Method 2’ 
ôn Aw~ 180° n 8, Ag~ 180° Sa Agg~ 180° 


1 0154:45 250-14 17° 8P a2 P -Po g 
2 02.14:23 225 17 16? 78 P 3 5e 6? 
3 02.28:43 0.92 -11° 48? 89 -11° 4P 8 ar 
4 0242:28 L08 30° -20° 78 23 =4° 19 ~14 
5 0246:51 0.43 23° 38° 89-22 40° =4° 45° 

Average 0° 13 83 -1 16 $ 15 
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Fig. 1 Voyager 1 magnetic field (9.6 s) averages for 4h around Saturn's 
inbound magnetosheath in terms of field magnitude B, longitude A, latitude 
6, and pythagorean r.m.s. deviation. The angles A, 6 are expressed in a 
heliographic, spacecraft centred, coordinate system, such that A =tan™! 
(By/B,) and 8 = sin™ (B,/B), where: R is radially away from the Sun; Tis 
parallel to the Sun’s equator plane, normal to R, and positive in the general 
direction of Saturn's orbital motion; and N = Êx, At this time Nis parallel 
to the ecliptic plane normal within ~ 2°. The five inbound magnetopause 
crossings are labelled. The day numbers in the trajectory insert refer to 
spacecraft positions at the start of the referred day, and Rs = 60,330 km, 
Saturn’s radius. 


Analysis of the magnetopause 


Two methods were used to estimate normals to the MP for 
comparison purposes. The first* uses a variance analysis of 
difference fields (AB,) across the discontinuity and assigns the 
normal direction (6x, Ax) to the minimum variance direction, 
AB, = (B, — (B)), B; is one of the series of 1.92-s averages (in our 
case) occurring in the analysis interval across the MP, and (B) is 
the average of the Bis. The second method? is similar to the first 
but uses the full vectors, B, (1.92-s average fields); then the 
minimum variance direction of the Bis is the estimated normal 
direction (5,, An) (see Table 1). The angle n is defined as cos ' 
(B,/(B)), where B, is the component of (B) along the estimated 
normal, according to method (1), and (B) is |(B)|. When 7 = 90° 
the MP discontinuity is described as a tangential discontinuity. 
Within the expected errors on the ns all crossings can be 
considered as tangential discontinuities; this is also common for 
the Earth’s dayside MP. When the MP is a tangential dis- 
continuity and when magnetometer zero level errors can be 
ignored, method (2) yields more accurate normal estimates than 
method (1) (ref. 6). Only the results of method (2) will be used in 
our surface wave analysis. However, both methods qualitatively 
show the same main features: oscillations in both ô and A, and 
almost the same overall averages. 

Both methods indicate that surface waves were occurring on 
the MP surface, just as have been seen to occur on the Earth’s 
MP”, The nature of these waves is more evident in a more 
appropriate coordinate system. The variance analysis of method 
(2) applied to the normals shows that a maximum variance plane 
lies parallel to Saturn’s equatorial plane within ~ 10°. This 
suggested transforming the normals to a Saturn equatorial 
system, similar to the 6, A (heliographic) system, except that 
Saturn’s equatorial plane replaces the Sun’s equatorial plane. 
This requires a 26° rotation about the Saturn—Sun line. Table 1 
also shows the transformed method (2') normals (6.4, Aeq). The 
oscillation in the latitude (6) of the normals has now disap- 
peared, as expected; by comparing method (2) and (2’) normals 
in Table 1 we note how r.m.s. (6) has decreased and r.m.s. (A) 
has increased. Apparently the surface wave propagation vector 
is directed along the MP in Saturn’s equatorial plane within 
= 10°. The transformed estimated normal longitudes (A,,) are 
now used to analyse this surface wave’. 


Magnetopause surface wave analysis 


The surface wave model assumes that the wave is two-dimen- 
sional, transverse, and composed of two partial sinusoids which 





must match in location, slope, and wave speed at their common 
point; the wave vector is locally parallel to the zeroth-order MP 
given by an earlier model’. A second assumption is that the 
observed MP crossings are due entirely to the passing wave, and 
not to large scale radial motion of the MP. The eight quantities 
to be estimated are: A, the amplitude of the i-part of the wave, 
æ, the phase of the i-part; A; the wavelength of the /-part of the 
wave; Vw, the phase speed of the wave, assumed constant for 
the full wave; and yo, the zero-displacement line of the wave, 
where i= 1,2. The slopes and wave displacements at the two 
end points of the wave and at the common point between them 
must match observations, providing eight equations to solve. 
These three points occur at three successive MP crossings. The 
input quantities are: Vy, Vr, the components of the velocity of 
the spacecraft normal and tangential to the zeroth-order MP, 
respectively, in Saturn’s equatorial plane; tan @ (where @ = Asq ™ 
Ao), the slope of the MP as estimated by the minimum variance 
analysis; and the times of the three successive MP crossings. The 
input (centre) times are given in Table 1, Vx = 16.6 km sly and 
V;=2.4kms7'. The components of the spacecraft's velocity 
(Vu, Vr) as well as the derived wave speed ( Vw) are measured in 
a system fixed with respect to the Satumn—Sun line. The angle Ag 
is the longitude of the normal to an ideal zeroth-order MP in the 
locality of the three successive crossings. Three trial Aos were 
used (197°, 200° and 202°) giving three trial sets of tan 8 for the 
given Aes. The Aos are consistent with an estimated Ao of 
200° + 3° based on a weighted average of a model’ normal {Aa 
(model) = 208°) and the average of the derived Aas from Table 1 
(195°), where the latter was favoured by 2-to-1 in the weighting, 
Three separate (but not independent) analyses were made of the 
wave characteristics using: MPs 1,2 and 3 (Set D; MPs 2, 3 and 4 
(Set II); and MPs 3, 4 and 5 (Set III). 

Table 2 gives the results of the surface wave calculations, 
where A, is the effective wave amplitude based on a weighted 
average of A, and Az, similarly for the effective wavelength A, 
and r.=A./ Vw; (for the method of weighting see ref. 7). The 
five trial results not shown (I2; and Iiz s) were not physically 
allowable. Regardless of the variability of Vw, A. and A,, the 
effective period r. is consistently 23 (+2) min and A,./A, is 
nearly constant at 10 (+1). The latter fact indicates that the 
wave displacement is apparently of relatively small amplitude, 

We now check the assumption that the MP crossings were 
primarily due to the surface wave and not to bulk normal motion 
of the MP. The time between centres of the first and last 
crossings is 52min. Then. (A,)=ATx V,/2, which is 
26,000km; the wave analysis gives a very favourable 
comparison of (A,) = 25,600 km (Table 2). 

Simple geometrical considerations give an MP thickness 


D =(Atl(Vw— Vr) sin (cg Ao) + Vy cos eg Aol C) 


for each crossing. All quantities in equation (1) are fairly 
accurately estimated, measured, or known, except Ay and Vw, 
which were moderately well estimated. We assume Vw to be 
180 km s™', the average of the four estimated cases (Table 2). 
The Ars and A.s are given in Table 1. Consistent with our choice 
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Fig. 2 An average example (case II) of Saturn's magnetopause surface 
waves. The unperturbed magnetopause is aligned with the X.,)-axis. Daas 
refer to magnetopause thicknesses. 
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Fig.3 The relative maximum (By,>. ©) and minimum (Byun, +) magnetic 

field magnitudes, based on 9.6-s averages, for the inbound magnetosheath 

regions, as a function of distance (d) from the first magnetopause crossing 
and time. @, points not used in the straight line fit of Byay. 


of Vw we assume that Ao = 197° and 200°, those giving inter- 
mediate wave characteristics. The resulting estimated MP 
thicknesses range from 2,300km (crossing 5) to 8,500 km 
(crossing 2), giving (D) = 5.0+3.0x 10° km, averaged over all 
five crossings and over both Ags; Ao = 197° gave the smaller 
spread of values. Note that (A. is about five times greater than 
(D), for either Ao, consistent with another implicit assumption 
that the wave amplitude is significantly greater than the MP 
thickness. 

Figure 2 shows the MP surface wave derived from trial III, 
(that is Ag = 197°) chosen because it most closely resembles the 
average of all successful trials (Table 2). The variable MP 
thickness shown is based on Ay = 197° for crossings 3, 4 and 5. 
Such surface waves at this location on the MP (= 13.10 LT) near 
Saturn’s equatorial plane are possibly due to a Kelvin- 
Helmholtz instability’ at the boundary, on either side of which 
plasmas are flowing parallel to it but at significantly different 
speeds. The difference in speed across the MP in Saturn’s 
equatorial plane must be closely comparable with the wave 
speed (Vy), that is 


(Vw) = V (sphere) ~ V (sheath) (2) 


if the Kelvin-Helmholtz instability is the causal mechanism. In 
our case the magnetosphere plasma speed, V(sphere), is faster 
than the magnetosheath plasma speed, V(sheath). Using an 
Earth-like magnetosheath model? for Me = 12 and y = 5/3 at 
13,10 LT and a typical solar wind speed of 400 km s™° (close to 
that actually measured for many hours before the inbound bow 
shock (J. Scudder, personal communication)), gives V(sheath) = 
0.16 x 400 = 64 kms”; this estimated magnetosheath speed is 
not very sensitive to Mæ, provided it is 25. Mo was calculated to 
be ~13-15 where the upstream proton and electron tempera- 
tures (T, ~ 2.3 10* K and T,~ 1.5 x 10* K) were provided by 
the Voyager Plasma Science Team. For (Vw) = 180 kms“! and 
this magnetosheath speed, equation (2) yields V(sphere)= 
240 km s”'. If Saturn’s magnetosphere rigidly corotates out to 
the frontside MP at ~23 Rs (where Rs = 60,330 km, Saturn’s 





Table 2 Surface wave characteristics 





(Ag=1979} (1979 (200°) (202°) 


Quantity Il, Ml, HL, HI Average 
Vy (km s7!) 346 210 90 68 180 
A, (*10* km) 4.97 2.70 1.37 1.18 2.56 
A [XR] [0.824] [6.448] [0.227] [0.196] [0.424] 
A, (x 10° km) 5.06 2.80 1.30 1.02 2.55 
A[X R] {8.39] [4.64] [2.15] [1.69] [4.22] 
Te (min) 24 21 24 25 23.5 
AAs 10.2 10.4 9.5 8.6 9.7 


radius) at this time, the corotation speed at the MP would be 
230 km s`™', close to the above result. As the uncertainty on our 
estimate of V (sphere) is probably quite large, we cannot say that 
rigid corotation of the magnetosphere holds to 23 Rs, but only 
that this important necessary condition (equation (2)) for show- 
ing that the Kelvin-Helmholtz instability may be applicable is 
not obviously violated. The fact that the MP surface normals 
oscillate in Saturn’s equatorial plane, rather than in a plane 
containing the local magnetosheath plasma flow (= the ecliptic 
plane), supports the view that it is primarily the magnetosphere 
motion which drives the instability. 


Inbound magnetosheath waves 


Here we briefly discuss the oscillations occurring in the inbound 
magnetosheath field, mainly in its magnitude, B, as shown in Fig. 
1; these have an average period of ~6 min. as measured in the 
spacecraft frame of reference. The latitude ((6,)~0°) and 
longitude ((Ag) = 285°) of the magnetosheath field agrees with 
an expected wrapped-up solar wind field at Saturn’s orbit (Ag = 
270° or 90°). Oscillations in field direction, especially in longi- 
tude, are present, but dominated by the magnitude changes. The 
values of the local maxima and minima of the field in the 
magnetosheath are plotted in Fig. 3 against normal distance 
from the first MP(1), assuming a stationary zeroth-order MP at 
this time and using the spacecraft speed normal to the MP of 

w= 16.6 kms”. Straight line fits were made to the Buax and 
Bun points; the Bm set was assumed to have zero slope. The 
wave has apparent amplitude (A) growth given by 


A = (Bmax — Byan)/2 = slope x d/2 ~ 1.77 nT (3) 


where slope = (~ 1.18 +0.20) nT/ Rs according to the straight- 
line fits. The marked growth in amplitude as the MP is 
approached suggests that the MP may be the source of these 
waves; notice the highest Bmax amplitudes were maintained in 
the magnetosheath even when the spacecraft returned there 
between ~ (02.15 and 02.30 UT. Similar waves in the inbound 
Pioneer 11 magnetosheath data were reported by Smith er al.’. 
The Pioneer observations, however, differed in one respect: the 
Byuys did not remain nearly constant but grew approximately in 
line with the Byaxs, yielding A=constant. The apparent 
difference is either a different phenomenon or simply due to 
different conditions, such as possibly an outward moving MP in 
the Pioneer 11 case and a static (excluding surface waves) MP for 
Voyager. In any case, a gradual increase in B is probably not 
needed to produce the waves. 

Examination of the Voyager plasma science electron data (E. 
Sittler, personal communication) for the period shown in Fig. 3 
indicates that the electron density was ~ 180° out-of-phase with 
B for these waves, suggesting that they are slow mode 
magnetosonic waves, which have their most rapid phase velocity 
along the ambient magnetic field. If the MP is the source of these 
waves, they must have a component of their propagation vector 
upstream, and it must be greater than the incoming convected 
magnetosheath plasma velocity; this is possible, because at this 
location the magnetosheath plasma is subsonic. Although the 
waves in B resemble solitons’, 8 in the magnetosheath is large, 
so a large perturbation in B does not necessarily imply a 
correspondingly large change in density. 


Summary and discussion 


Voyager 1 magnetometer data have revealed that surface waves 
occur on Saturn’s dayside MP. Estimates of Saturn’s magneto- 
pause wave properties show that: the wave speed is 180+90 
kms"', amplitude 12-50x10°km (or ~0.5 Rs), wavelength 
1-5 x 10° km (or ~5 Rs), and a well determined period 23 +2 
min. Most estimates yielded a consistent ratio of wavelength-to- 
amplitude of 10+1, and a typical magnetopause thickness of 
§.0+3.0x 10° km or ~0.1 Rs was determined. 

The success of the model was partly due to the large-scale 
stationarity of the MP during the analysis period, probably the 
result of apparently persisting quiet upstream solar wind condi- 
tions, which was the case before the inbound bow shock cross- 
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ing. The occurrence of only a single bow shock crossing shortly 
before the multiple MP crossings is consistent with our basic 
premise that the surface waves caused the multiple crossings at a 
time when the solar wind was fortuitously quiet. 
Hydromagnetic waves occurring in the inbound 
magnetosheath and having an average period in the spacecraft 
frame of reference of 6 min grew markedly in amplitude as the 
magnetopause was approached. This suggests the MP as a 
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possible source of these waves unless the amplitude growth is 
due to a geometrical effect. These waves have been tentatively 
identified as slow mode magnetosonic waves, Recently such 
waves have been observed in the Earth’s magnetosheath by the 
ISEE spacecraft (J. Scudder, persona! communication). 
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Voyager 1 magnetic field observations have provided evidence of a saturnian magnetic tail, Tail current system distributions 
are inferred through comparison of the observations with a realistic magnetotail current system model. Temporal variations 
observed in the tail were probably produced by solar wind variations. 











SATURN'S magnetic tail was first observed by Voyager 1 as it 
tranversed the saturnian magnetosphere outbound at 03.40 LT. 
The observed magnetic field directions clearly indicated the 
sweeping back of field lines into a tail configuration pointing 
away from the Sun’ and led us to conclude that Saturn, like 
Earth and Jupiter, possesses a magnetotail that develops in the 
interaction of the solar wind with the planetary magnetic field. 
Closest approach for Voyager 1 at Saturn occurred at 23.45 UT 
on 12 November 1981. Between 17.29 and 21.52 UT on 14 
November, it crossed the magnetopause outbound five times at 
an average distance from Saturn of 45 Rs (24 Rs antisolar 
distance, where Rs = Saturn radii = 60,330 km) and at a latitude 
of ~24° (ref. 1). The encounter trajectory characteristics, 
together with the length of time (~45 h) spent in the night-side 
magnetosphere, gave ample opportunity to study the geometry 

` of the tail. We estimated the tail diameter to be ~80 Rg, less 
than that of the jovian tail by a factor of 4-6. From the observed 
size of the tail and the average magnitude of the distant tail lobe 
field that was measured (~3 nT), a conservation of flux 
argument gave an estimate of 11°~15° for the half-angular size of 
the saturnian polar cap auroral zone, smaller than that of Earth’. 
Because of the high latitude of the outbound pass, there were no 
traversals of the tail current sheet. Only the northern lobe field 
(directed away from the planet) was measured. The near align- 
ment of Saturn’s magnetic dipole and rotational axes made the 
outbound traversal a nearly constant magnetic latitude path 
through a planetary magnetosphere. 

Although there was no direct tail current sheet observation, 
plausible current distributions and geometry can be inferred 
through comparison of measurements with the fields calculated 
from simple but realistic magnetosphere models that include 
magnetotail current systems. The preliminary results of the 
study of one such model are described below. 


Model magnetosphere 


We have studied.a model of Saturn’s magnetosphere which is 
consistent with the Voyager 1 magnetic field observations but 
which must also be non-unique. A noon-midnight meridian 
projection of the model field and the Voyager 1 outbound 
hourly averaged magnetic field observations is shown in Fig. 1. 
The closure of the tail field lines is very sensitive to the detailed 
current distribution in the more distant (and unexplored) tail 
and is not a direct result of the fit to the magnetic field obser- 
vations. It is, rather, a boundary condition imposed on this 
model determined, in part, by the observed electron pitch angle 
distributions’ which are indicative of closed field lines. The 


closure of field lines in the tail is uncertain. Observations of solar 
cosmic rays to 9 Rs by the Pioneer 11 cosmic ray experiment? 
suggest open field lines in the magnetotail, although Saturn’s 
magnetosphere was in a disturbed state during the Pioneer 11 
encounter. 

The model field has the following components: an internal 
dipole field of 0.21G~—R§ aligned with zsm; a distributed 
near-equatorial disk or ring current in the region 8 <p < 16 Rs; 
cross-tail currents extending from xsm = ~16-to ~100.Rg, clos- 
ing on the magnetopause boundary; and confinement of the 
day-side magnetosphere by image dipoles. The azimuthal ring 


-current at Saturn is modelled on a similar structure at Jupiter 


and will not be discussed here. The field of the cross tail currents 





Fig. 1 Conceptual and quantitative model of Saturn's magnetosphere in 
the noon—midnight meridian plane. Field lines aredrawn for 2° increments of 
invariant latitude. Azimuthal disk or ring current (stippled) is indicated, as 
well as model cross-tail currents closing on the magnetopause boundary. 
Projections of Voyager 1 outbound hourly-averaged magnetic field wbser- 
vations onto the solar magnetospheric (8M) x-z plane are also shown: Insert, 
mode] cross-tail currents in the SM -y plane. Corrent Sows eastward-in 
parabolic paths to the magnetopause (MP) pause boundary. and closes in 
planes of constant x equally on both the northern and southern lobe MP 
surfaces. 
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Fig. 2 Projection of hourly-averaged magnetic field components in the 

saturnian magnetosphere onto the SM y-z plane along the projected 

Voyager | trajectory. A logarithmic scale has been used to represent field 
magnitude as indicated. 


is computed numerically by summation of the field due to a 
system of individual closed current loops similar to that used in 
models of the Earth’s magnetosphere”. Individual loops are 
spaced at 1 — Rs intervals and carry an eastward current in the 
solar magnetospheric (SM) equatorial plane as indicated in Fig. 
1. The SM coordinate system is a right-handed, orthogonal, 
non-rotating system defined such that fsm is directed from the 
planet to the Sun and the Zs, axis lies in the plane formed by fsa 
and M, the magnetic dipole of the planetary field. The current 
has a 1/(xsm)'/? dependence, decreasing from ~5 A km” at xsm 
of ~16 Rs, which is about half the (linear) current density of the 
distributed ring currents at their outer edge. 

In this view of Saturn’s magnetic tail, the high latitude field 
lines observed along most of the Voyager 1 trajectory remain 
closed, while the observed magnetic field orientation along the 
trajectory remains essentially parallel to the SM equatorial 
plane. The estimated size of the polar cap' based on the conser- 
vation of flux using an estimate of 3nT for the tail field at 
Xsm = —25 may represent an upper limit on the size of the polar 
cap. As indicated in Fig. 1, to the extent that field lines cross the 
equatorial plane at greater —xsm, Saturn’s polar cap may be 
smaller and is not symmetric with respect to the dusk meridian. 

A consequence of the confinement of Saturn’s magnetosphere 
to a parabolic magnetopause boundary’ is the very Earth-like 
day-side cusp at ~80° invariant latitude. The inferred source 
region of Saturn kilometric radiation (SKR) is centred about the 
intersection of the noon-midnight meridian and 80° invariant 
latitude’. This suggests that SKR is related to particle pre- 
cipitation in the cusp, analagous to the terrestrial kilometric 
radiation associated with the Earth’s polar cusp*. 


Tail dynamics 


Variations of the magnetotail magnetic field were observed by 
Voyager 1 during the outbound traversal’; they appear as 
moderately small amplitude, long-period excursions in field 
direction and magnitude. The directional variations can be seen 
in the hourly average SM y-z plane vector projections of Fig. 2. 
The x-y and x-z plane projections have been presented pre- 
viously’. Assuming that the observed changes are most likely 
temporal and not spatial, is the source of these perturbations of 
the tail lobe field internal or external to the magnetosphere? 
Quasiperiodic variations of the flux of low energy charged 
particles were also observed during this period’, and a Saturn- 
related magnetic anomaly-type feature suggested as the cause. 

The magnetic field measurements have been analysed to try to 
elucidate the source location of the perturbations producing the 


observed variations. To test the possibility of an internal, planet- 
associated (and hence periodic) source, hourly values of the 
magnetic field direction angles A and 6 have been plotted against 
sub-spacecraft Saturn longitude in superposed epochs for the 
36-h period when Voyager 1 was at a radial distance r >10 Rs 
(Fig. 3). Here A and ô are the SM azimuth and latitude angles, 
respectively, of the field. Because the dipole tilt relative to the 
rotation axis is ~ 1°, SM coordinates are defined for Saturn such 
that A is measured anticlockwise in the magnetic dipole equa- 
torial plane, as viewed from north of (above) the plane, with the 
A = 0° meridian plane at local noon. 

The data suggest a recurrence tendency at roughly the 
planetary rotation rate, but with changes evident in the ampli- 
tude and phase of the variation. Note that Voyager 1 was in the 
tail lobe for only ~2— 1/2 planetary rotation periods, and it is 
therefore difficult to establish a recurrence pattern. If recurrence 
is assumed, a period of 12.1 h is obtained for the field variation, 
significantly greater than the 10.66 h planetary rotation period 
deduced by the Voyager 1 Planetary Radio Astronomy 
experiment’. The longer period seen at Voyager 1 may be 
caused by Doppler-shifting of the perturbation signal as it 
‘propagates’ like a wave from Saturn. Taking into account the 
velocity of Voyager 1 relative to Saturn, a radial wave speed 
V, = 140 km” is obtained. 

This wave speed can be tested for consistency with the Alfvén 
speed Va = B/(4mmn)'” expected in the tail lobe plasma. The 
ion number density, n, is assumed to be equal to that reported 
for the plasma electrons'®. At distances r= 10 Rs and 40 Rs, 
respectively, field magnitudes of 21 and 3 nT and densities of 0.3 
and 0.003 cm~’? were measured. Assuming the ions are protons 
gives V,=836kms' in the near tail, increasing to 
1,196 km s™" in the distant tail. If the ions were nitrogen, these 
values would decrease to 316 and 452 km s™*, respectively. The 
Va values for a nitrogen plasma are factors of more than 2~3 
higher than the Doppler-shift predicted wave speed of 
140 km s“' and factors of 6-8 too high in the case of hydrogen. 
Conversely, assuming V,=140kms™' predicts densities for 
hydrogen and nitrogen of ny = 10.7 cm™° and ny = 1.5 cm" at 
r= 10 Rs compared with the observed ne = 0.3 cm™?, and ny= 
0.22 cm™° and ny = 0.03 cm”? at r= 40 Rs compared with ne = 
0.003 cm™?, 

These results indicate an inconsistency between the obser- 
vations and the hypothesis of a planet-associated propagating 
wave. Furthermore, because the magnetic dipole axis tilt rela- 
tive to the axis of rotation is estimated to be in the order of only 
1°, the dipole wobble is unlikely to produce the observed 
variations. 
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Fig. 3 Superposed epoch presentation of hourly values of magnetotail 
magnetic field azimuthal (A) and latitude (8) angles as functions of planetary 


longitude for three successive rotations of the planet (1, 2 and 3). The data do 
not demonstrate clearly a longitude-based recurrence pattern. 
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Fig. 4 Predicted solar wind parameters and interplanetary magnetic field 
during the Voyager 1 encounter period. These data were derived from the 
solar wind measurements by Voyager 2 upstream of Saturn (see text). 
Plasma parameters shown include bulk speed (V); number density (7); 
temperature (T); and plasma pressure (P). The magnetic field is given in 
terms of its magnitude, B, and the heliographic latitude and azimuthal 
angles, 6 and A. Actual Voyager 1 measurements are also given (dashed 
curves). Voyager 1 magnetopause (MP) crossing times are given by arrows at 
top and further delineated by vertical lines. Bow shock (BS) crossings and 
closest approach (CA) times are also indicated by arrows at the top. 


An investigation of the solar wind during the encounter 
period indicates that perturbations outside the saturnian 
magnetosphere may have been the source of the observed 
variations. The solar wind and interplanetary magnetic field 
(IMF) conditions at Saturn during the encounter have been 
predicted by applying a transformation to Voyager 2 inter- 
planetary hourly average field and plasma observations (J. D. 
Sullivan and H. S. Bridge, personal communication). This 
projects the observations in two-dimensional space and in time 
assuming that each parcel of plasma expands radially outward at 
constant speed. The hourly averaged data propagated in this 
way from Voyager 2 to Saturn are shown in Fig. 4. Time is given 
as day-of-year number (day 317 = 12 November). The distorted 
and fragmented appearance of the data is due to effects of the 
variable speed correction applied in time-shifting each parcel 
and the intermittent tracking and data retrieval from Voyager 2. 
The sizeable gaps (~14 h) mean that a one-to-one correlation 
between changes in these data and those seen by Voyager 1 
inside the saturnian magnetosphere is impossible. However, the 
data show substantial changes in the solar wind and IMF during 
the encounter. The lighter dashed data curves superimposed on 
the predicted data in the top three panels are the actual 
Voyager 1 IMF observations for comparison. The field data are 
in spacecraft-centred heliographic coordinates, a spherical 
system with azimuth A = tan’ (Br/Bpr) and ô =sin™' (By/B), 
where R is radially away from the Sun; T is perpendicular to R 
and parallel to the solar equatorial plane, positive in the general 
direction of Saturn’s orbital motion; and N = R x 
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An examination of A shows a prediction of an IMF sector 
transition occurring ~6 days before closest approach (CA) anda 
similar, return transition occurring between 7 and 16 h after CA. 
These are accentuated by vertical dashed lines at the midpoints 
of the gaps in the A data where the transitions occurred. In the 
latter transition, which would have taken place while Voyager 1 
was in the tail, the new state of the medium only persisted for 
between 10 and 32 h and thus was either a very narrow sector or 
a filamentary-type structure. The field magnitude increased 
within this region, accompanied by a piasma density increase of 
about a factor of two and a corresponding increase in solar wind 
pressure. The leading edge of this region is predicted to have 
passed between the middle and the end of day 318—~—-the period 
when the temporal excursions in the magnetotail began. 

The major uncertainty is that the Voyager 2 data are being 
extrapolated over a distance of ~1.7 AU, and in that distance 
the characteristics of plasma streams and associated IMF struc- 
tures can be modified significantly by dynamical processes, A 
comparison of the projected Voyager 2:data with measurements 
from Voyager1 before and after passing through Saturn’s 
magnetosphere (included in Fig. 4) confirms the essential fea- 
tures of the prediction. However, the sector transition predicted 
to occur at the end of day 311 was actually observed to begin 
~12h later. A similar shift in the onset of the perturbations 
during tail passage would start their effect at a later time but with 
Voyager 1 still in the magnetotail. Different transformation 
conditions (higher solar wind speed) could have produced a 
closer agreement in this case between predicted and observed 
features than was found during the earlier, pre-encounter 
period. 

While the direct consequences for a magnetotail orientation 
and field strength of changes in external solar wind direction and 
pressure on the boundary are generally understood, how 
changes in the IMF configuration influence a magnetotail is not 
completely understood. Studies of the terrestrial magneto- 
sphere show that this influence is probably exerted in most cases 
indirectly through a chain of events controlled by the IMF-to- 
magnetospheric field reconnection efficiency and including the 
process of flux transfer within the magnetosphere''’*, Because 
the observations at Saturn are limited to one tail lobe, and 
because of the supporting interplanetary measurements, we can 
show only that plausible conditions existed in the interplanetary 
medium for stimulating the observed tai! perturbations, with the 
precise mechanism remaining a matter of speculation. As an 
internal source mechanism for the perturbations seems 
inconsistent with measured physical parameters, we conclude 
that an external source, the solar wind, is responsible. 

We thank our Voyager plasma investigation colleagues at 
MIT for providing the projected Voyager2 plasma and 
magnetic field data for use as a prediction of solar wind condi- 
tions at Saturn during the Voyager 1 encounter, 
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A 514-base pair fragment of double-stranded DNA coding for human interferon-a; (166 amino acid residues), and 
containing initiation and termination signals plus appropriate restriction enzyme sites for plasmid insertion, has been totally 
synthesized. The synthesis involved preparation of 66 oligodeox yribonucleotides, ranging in size from 14 to 21 residues, plus 
1 deoxydecanucleotide, by rapid, solid phase procedures, and enzymatic ligation of the oligonucleotides. After ligation of 
the synthetic gene to a plasmid vector and transformation of Escherichia coli, clones containing the anticipated gene 


sequence were obtained. 





THE antiviral'?, cell proliferation inhibition? and immuno- 
modulating properties* of human interferons (IFNs) have 
generated great interest because of their potential clinical value 
in the treatment of viral infections and malignancies. Thorough 
investigation of the efficacy of both leukocytic (IFN-a) or 
fibroblastic (IFN-8) interferons has, however, been hampered 
by an inability to purify large amounts of these proteins from 
human cells. 

The recent application of recombinant DNA techniques has 
dramatically changed this situation. Several groups have 
obtained cDNA clones prepared using mRNA from a variety of 
human cells induced to synthesize interferon(s)*"°. DNA 
sequencing has allowed the amino acid sequences of a number of 
IFN-as'' and IFN-8°™™ to be deduced (as well as their putative 
signal sequences) and various elegant genetic manipulations 
have generated expression plasmids which direct the bacterial 
synthesis of biologically active interferons'**’, A second phase 
of this research has seen eight or more distinct human leukocyte 
interferon genes?” identified in human DNA libraries and 
neither these IFN-a genes***, nor the IFN-@ gene’, 
apparently contain introns. In some of the above studies the 
availability of specific oligonucleotides, designed on the basis of 
limited amino acid sequence data’”**, was invaluable for the 
identification of cloned IFN cDNA. Furthermore, synthetic 
oligonucleotides have been generally useful in the various gene 
editing procedures used for the construction of expression 
plasmids. 

On the basis of the nucleotide sequence of the first cloned 
human IFN-a cDNA published by Weissmann and co-workers’ 
(IFN-a,), we designed a DNA fragment which would encode the 
same protein and be amenable to total chemical synthesis (Fig. 
1). Such a synthetic gene has several potential advantages, which 
are discussed further below. However, it is obviously desirable 
that such a synthesis be accomplished in a comparable time scale 
with that required for isolation of the gene from natural sources. 
Various other synthetic genes, including those for human soma- 
tostatin”, human insulin A and B chains’? and N°-desacetyl- 
thymosin æ; (ref. 31), have previously been constructed but 
these molecules are all considerably smaller than the IFNs. Total 
synthesis of an IFN gene would have been unrealistic using 
standard solution phase phosphotriester methodology as ap- 
plied in the above examples’. Recently, we have developed a 
novel solid phase phosphotriester approach for the synthesis of 
oligonucleotides*’**. This increases the rate of synthesis by an 


order of magnitude and is routinely reliable, the inherent 
hazards of repeated chromatographic purification being largely 
avoided. 

Using these methods, 67 different oligonucleotides containing 
around 15 nucleotide residues were synthesized. They were 
separately purified and 5' phosphorylated, then sequentially 
ligated to yield a 514-base pair (bp) fragment. After insertion in 
a hybrid plasmid and cloning in Escherichia coli, the synthetic 
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Fig. 1 Nucleotide and amino acid sequence of the synthetic human leuko- 

cyte interferon gene, Individual oligonucleotides (1~67) are arrowed. Dots 

above bases in the coding strand indicate changes with respect to the native 
sequence’. Numbers above each line refer to amino acid position. 
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gene was characterized by restriction enzyme digests and total 
sequence determination. Biological activity of material ex- 
pressed by these clones will be described elsewhere (E. De 
Maeyer, manuscript in preparation). 


Design of the synthetic gene 


Initially, the published DNA sequence’ coding for mature 
human IFN-a, was scanned with a computer program designed 
to detect both complementary and repeated sequences (D. J. 
Gilman, unpublished results). A number of such sequences were 
identified. For example, bases 75-85 in the native sequence, 
d(TCCTTCCTCCT), are complementary to bases 487-497, 
d(AGGAGGAAGGA), and bases 32-40, dd ACAGGAGGA) 
are complementary to bases 79-87, d(TCCTCCTGT). Simi- 
larly, there are 4 separate complementary pairs of octamers and 
13 complementary pairs of heptamers. The sequence 
d(GAAGAAATAC) (bases 359-368) is repeated (bases 399- 
408). There are seven separate repeated heptamers, five 
repeated octamers and one repeated nonamer. Numbering here 
is with respect to the first base in the triplet coding for N- 
terminal cysteine (T= 1) in the mature peptide (see Fig. 3 in 
ref. 7). 

We reasoned that elimination of these features as far as 
possible within the constraints of the genetic code would make 
correct ligation of synthetic oligonucleotides more straightfor- 
ward. The target sequence is illustrated in Fig. 1. Dots above 
bases in the coding strand indicate changes with respect to the 
native sequence (71 in total). By so modifying the natural 
sequence, the longest self-complementary regions are four 
heptamers, all separated by more than 100 bp. There are two 
repeated nonanucleotides; dd AATCTTCAA) in blocks 28 and 
64/66 and d(AAAAAGTAT) in blocks 50 and 56. There are 
three repeated heptamers and one repeated octamer. 

The gene was divided (Fig. 1) into a series of oligonucleotides 
of ~15 residues so as to give overlaps of at least 7 bp on each side 
of all ligation points. It is convenient to use oligonucleotides of 
this size as the synthesis and purification of significantly larger 
molecules may not always be straightforward**. Where possible, 
changes in the native sequence are such as to introduce codons 
which may be preferred for high levels of expression in 
bacteria’, The codon usage profile is compared with that of 
the native strand in Table 1. 


Outline of chemical synthesis strategies 


The basic chemistry involved in our synthetic approach is sum- 
marized at the top of Fig. 2 and in its legend and we have 
previously described the methodology in some detail’?**. Dur- 
ing this study several minor changes have been made which 
considerably improve both the rate and yields of synthesis. In 
our hands, use of mesitylenesulphonyl-3-nitro-1,2,4-triazole™* 
as condensing agent increases yields in dimer coupling reactions 
and allows individual reaction times to be reduced to ~1 h. We 
have also reduced the deprotection/ washing cycle to ~0.5 h so 
that the overall time for addition of each dimer block to a 
growing chain is ~1.5h. With a semi-automated solvent 
delivery system it is convenient to perform two or three such 
assemblies concurrently so that up to two pentadecanucleotides 
can be constructed per man-day. Previously we have not 
attempted to dry the support between coupling cycles but 
co-evaporation of the polydimethylacrylamide resin with 
anhydrous pyridine before each condensation reaction again 
significantly improves the final yields of purified deprotected 
oligonucleotides. Thus (Fig. 2a, c), in the syntheses of blocks 24 
and 65 (Fig. 1) the desired oligonucleotide product is the major 
peak in ion-exchange HPLC on Partisil 10-SAX. 

Further resolution by reverse-phase HPLC on u-Bondapak 
Cy, columns (Fig. 2b, d) gives pure material in most cases, as 
judged by standard 5’-[**P]-phosphorylation and sizing on 20% 
polyacrylamide gels in 7 M urea (for examples see Fig. 2e, fY”. 
In our previous work***, oligonucleotides synthesized by this 
approach were characterized by complete sequencing. During 
this synthesis, the oligonucleotides were characterized by sizing 





(above) and 5’ residues were confirmed after total snake venom 
phosphodiesterase digestion of 5’-[ pl labelled aliquots. In 
cases where unequivocal identification of product by HPLC and 
sizing was not possible, complete sequencing was undertaken. 

A more complete description of improved methodology for 
the synthesis of these oligonucleotides will be published else- 
where. The oligomers 5, 7, 17, 44, £8 and 63 could not be 
purified by standard Partisil 10-SAX ion-exchange HPLC with 
phosphate gradients in a 5% ethanol system at ambient 
temperature. Elevated temperature and increased ethanol 
concentration or electrophoretic techniques were necessary”. 
We note that all these oligomers contain three or more consecu- 
tive dG residues. In retrospect, these features could have been 
avoided in oligomers 5, 7, 17, 44 and 63 by alternative choices of 
codons but it is obviously desirable to be able to synthesize such 
molecules so as to have the widest possible latitude in codon 
usage. Furthermore, this sequence cannot be avoided in 
oligomer 58 given the amino acid sequence Trp-Glu 
{d(TGGGAPur.)]. 


Ligation strategy 


Eleven groups of oligomers (A-K)} were initially ligated 
separately (Fig. 3a). 5’ Phosphorylation with low specific activity 
2p.ATP and polynucleotide kinase was performed on 





Table 1 Codon usage in synthetic (and natural) human [FN-« 
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individual oligomers which were then isolated by elution from 
20% polyacrylamide gels in 7 M urea (cligomers 1 and 67 were 
not phosphorylated at this stage). After denaturation, slow 
annealing and ligation, reaction mixtures were examined on 
polyacrylamide gels in both native and denaturing conditions 
(Fig. 3b, c). Ligated products of the expected size were isolated 
by preparative polyacrylamide gel electrophoresis in non-dena- 
turing conditions, elution and ethanol precipitation. Product re- 
covery was estimated by counting aliquots dried separately on 
GFC filter disks. Aliquots of the 11 fragments were combined, 
annealed and again ligated with T4-induced DNA ligase to give 
the four blocks shown in Fig. 3d. Ligation of these four blocks in 
a similar manner gave a discrete band of approximately the 
expected size as identified by 3.5% polyacrylamide native elec- 
trophoresis with appropriately sized markers (Fig. 3e). This 
fragment was isolated either by excision and elution from the gel 
or by gel permeation chromatography of the reaction mixture. 5 
Ends were phosphorylated by standard techniques for plasmid 
insertion. 


Construction of recombinant plasmids 


The synthetic gene contains single-stranded cohesive ends to 
facilitate ligation to a BamHI-Sall plasmid vector. The plasmid, 
pPM50, chosen for cloning the synthetic gene, is a derivative of 
plasmid pAT153 (ref. 40) in which the region of the tetracycline 
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Fig. 2 Synthesis and purification of oligo- 
deoxynucleotides. The 67  oligodeoxy- 4 
nucleotides were synthesized by a solid phase 
procedure (from a library of dimers) on a A 
polyacrylamide support?***, Functionalized 
polydimethylacrylamide resin (100 mg), g! 
4 
wd 
Lay 
40 
_¢ 








substituted with the appropriate 5’-O- 
dimethoxytrityl-2'-deoxynucleaside via a 3'- 
Q-succinamido linkage (~26 pmol total 
functionality) was swollen in dimethylfor- 
mamide then treated with phenylisocyanate as 
described previously’, Each oligonucleo- 
tide assembly involved addition of protected 
dinucleotide (or mononucleotide) units by the 
following cycle. The resin was washed 
sequentially with pyridine (x5); chloro- 
form/methanol (7/3, x6); 5% benzenesul- 
phonic acid in chloroform/methanol (7/3, for 
2x5s to remove dimethoxytrityl group); 7 
dimethylformamide (4); pyridine (x8). Each 

washing operation involved a solvent volume 

of ~6 ml. The resin was dried by co-evapora- 4 











A260 


tion with anhydrous pyridine (1 ml) and the 
dinucleotide anion (100 mg, ~3 equivalents 
previously dried by pyridine co-evaporation) 
was added in anhydrous pyridine (4 ml) 
fallowed by the coupling agent, mesitylene-3- | 
nitro-1,2,4-triazole** (60 mg, ~B equivalents) 4 | 
or 2,4,6-triisopropylbenzenesulphony! tetra- | 
zole (70 mg, ~8 equivalents). The coupling l | 


| 65 G1 AAACGTICTTGAAGATT ) 





reaction was allowed to proceed, with shak- 
ing, for 1-1.5 h, The cycle was repeated with 
the appropriate dinucleotide anions until the i 
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required sequence was obtained. The resin aasa 
was finally washed (5 volumes each) with 40 
dimethylformamide, methylene chloride and 

ether, then dried in vacuo. (Reactions can be 

carried out on half the scale described, using 

50 mg of functionalized resin and 50 mg of dinucleotide anion.) Each 
oligonucleotide was cleaved from the solid phase (40 mg of oligomer- 
substituted resin) and all protecting groups were removed (procedure B, 
ref. 34) by sequentially reacting with 0.3M 1,1,4,4-tetramethyl- 
guanidinium 4-nitrobenzaldoximate** in dioxan/water (1/1, 2 ml) at 
room temperature for 60h; concentrated ammonia at 50°C for Sh; 
80% aqueous acetic acid for 30 min at room temperature. The depro- 
tected oligomer was dissolved in pyridine (0.05 mi), ethanol/water (3/7, 
2-4 ml) and suitable aliquots were purified initially by HPLC on Partisil ` 
10-SAX (examples in 2a and c), Columns were eluted at a flow rate of 
2mi min“! with a gradient from 1 mM to 0.4 M potassium phosphate, 
pH 6.8 in 5% ethanol or pH 6.5 in 30% ethanol, over a period of 50 min 
at ambient temperature. The most retained peak(s) were collected, 
evaporated, redissolved in water (5 ml) and applied to a u- Bondapak 
Ci, reverse-phase column. The oligonucleotide was further purified by 
first eluting with 0.1 M ammonium acetate, then with a gradient of 
19-25% 0.1 M ammonium acetate/acetonitrile (1/1) over 40 min with a 
flow rate of 2 ml min”! at ambient temperature (examples in b and d). 
After addition of excess triethylamine, oligonucleotide-containing frac- 
tions were lyophilized and redissolved in water (1 ml). Aliquots of each 
solution (80 pmol of oligonucleotide} were evaporated and phos- 
phorylated with 1.1 units of T4-induced polynucleotide kinase in 10 yl 
of a solution containing 160 pmol [y-°P]ATP (12.5 Ci mmol”), 
0.1mM_ spermidine, 20mM dithiothreitol (DTT), 10mM MgC, 
50mM Tris-HCI (pH 9.0) and 0.1mM EDTA for 45 min at 37°C. 
Reactions were terminated by addition of 270 ul of 50 mM Tris-borate 
(pH 8.3), 1mM EDTA in 80% formamide and heating to 90°C for 
§ min. A 7-pl aliquot was examined on a 20% polyacrylamide gel in 7 M 
urea (examples in e and f). 
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Fig.3 Ligation of chemically synthesized oligonucleotides. a, Ligation strategy. Aliquots of the chemically synthesized oligonucleotides, 2-66 (40 pmol of each), 
were phosphorylated with 6.5 units of T4-induced polynucleotide kinase in 25 yl of a solution containing 80 pmol [y-**PJATP (8,5 Ci mmol”'), 100 pM spermidine, 
20 mM DTT, 10 mM MgCl, 50 mM Tris-HCI (pH 9.0) and 0.1 mM EDTA for 30 min at 37 °C. Each oligonucleotide was ethanol precipitated and fractionated by 
electrophoresis on a 20% polyacrylamide gel in 7 M urea. The **P-labelled oligomers were sliced from the gel and eluted**. Eleven separate T4 ligase-catalysed 
joining reactions were performed to give fragments A to K. In groups A and K, oligonucleotides 1 and 67, respectively, were not phosphorylated. For the construction 
of each fragment, the terminal oligonucleotides were present in excess over the internal oligonucleotides. For example, fragment B was constructed by annealing, in 
50 ul water, 3.8 pmol of oligonucleotides 7 and 12, 3.6 pmol of 8 and 11 and 3.4 pmol of 9 and 10, heating to 100 °C and cooling slowly te room temperature. Each 
mixture was dried in vacuo and ligated in 20 pl of a solution containing T4 DNA ligase (26 units), 74 mM Tris-HCI (pH 7.6), 6.6 mM MgC, 10 mM DTT, 2.9 mM 
ATP, 1.6mM mercaptoethanol and 1.6 pg bovine serum albumin for 24h at 22°C. b, Aliquots (1%) of the reaction mixtures were examined on a 15% 
polyacrylamide gel in 7 M urea. c, The DNA from each of the remaining mixtures was ethanol precipitated and fractionated on a 15% polyacrylamide gel in the 
absence of urea. The DNA from each band was eluted from the gel. An aliquot of each band was re-run in denaturing conditions. In each group, the most slowly 
migrating band had oligonucleotide strands of the correct size. d, Fragments I-IV were constructed from 0.1-pmol of fragments A-K, Annealing was carried out at 
45°C and the mixtures were ligated as described previously. The fragments were isolated by electrophoresis on a 10% polyacrylamide ge! in the absence of urea. e, 
The final ligation of fragments I-IV (0.01 pmol of each), to give the complete gene, was carried out as previously described for fragments I-IV, to give the product, at 
~500 bp. Lanes 1 and 2 show two separate syntheses of the gene. Lane 3 is a °*P-labelled Haelll restriction digest of DX174 DNA. 


resistance determinant between the EcoRI and BamHI sites has 
been replaced by a 95-bp Alul-generated fragment from the 
promoter region of the E. coli lactose operon. The construction 
of this plasmid, as shown in Fig. 4A, was arranged so that 
insertion of the Alul fragment resulted in the regeneration of 
both the EcoRI and BamHI recognition sequences. Intro- 


duction of the synthetic oligonucleotide between the BamHI 
and Sall cleavage sites of the pPM50 vector plasmid should 
therefore place the interferon coding sequence under the tran- 
scriptional control of the lac promoter im an orientation such 
that the ATG codon forms a ‘hybrid ribosome binding site’ with 
the Jac promoter Shine-Dalgarno (S-D) sequence*’. Thus, the 
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sequence around the BamHI site will be 
S-D BamHi Met Cys 
5'—— AG GAAACAGGATCCATGTGT-——3' 


A construction of this type should achieve active transcription 
and translation leading to expression of the interferon coding 
sequence. 


Such promoter fragments containing an EcoRI cleavage site 
in place of the BamHI site have been used to promote expres- 
sion of the streptomycin resistance gene of the plasmid R300B 
(P.M., unpublished data). Similarly, plasmid vectors 
incorporating the analogous Alul fragment from a mutant lac 
promoter (UV5) have been used to promote high level expres- 
sion of various heterologous genes (see, for instance, refs. 
42-44). 
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Fig.4 A, Construction of the recombinant pIFS plasmids. DNA (7 mg) of the parental plasmid, pA T153 (ref. 40), was digested sequentially for 60 min at 37 °C with 
restriction endonucleases EcoRI and BamHI in 10 mM Tris-HCl (pH 7.6), 6 mM MgCl, and 1 mM DTT containing 50 mM (EcoRD or 150 mM (BamHI) NaCl. 
Reactions were terminated by extraction with phenol/chloroform (3/1) and ethanol precipitation. The DNA was resuspended in 30 pl DNA polymerase I buffer 
(6mM Tris-HCI (pH 7.4), 7mM MgCl, 1 mM DTT) containing 40 uM each of dATP, dGTP, dCTP and dTTP to synthesize 3'-oligonucleotide extensions 
complementary to the protruding 5'-oligonucleotide ends generated by the endonuclease treatment. The reaction was initiated by addition of DNA polymerase 
I~Klenow fragment (1.5 units) and incubated at 11°C for 90 min. 7H-dTTP (3 pCi; 16 Ci mmol” ') was added so as to follow the extent of reaction by trichloroacetic 
acid precipitation of 5-1 samples. The reaction was terminated by extraction with phenol/chloroform (3/1) and ethanol precipitation, Plasmid pPM18 is a derivative 
of the vector plasmid pACYC184 (ref. 49) which has a 6.6-kb EcoRI fragment derived from AplacS(ref. 50) inserted at the EcoRI site in the plasmid chloramphenicol 
resistance gene. The Ap/acS fragment carries the promoter region of the E. coli lactose operon and part of the A- galactosidase gene*’. Plasmid pPM18 DNA (15 yg) 
was digested with restriction endonuclease Alul in 6 mM Tris-HCI (pH 7.6), 6mM MgCl, 50 mM NaCl, 6mM B-mercaptoethanol and the 95-bp fragment 
containing the E. coli lactose operon promoter/operator region isolated by electroelution®* from a 5% polyacrylamide gel"? and purified by chromatography on 
DES2 DEAE-cellulose’, The ‘filled in’ EcoRI/ BamHI cleaved pAT153 DNA was blunt-end ligated to the 98-bp Alul fragment in a volume of 50 ul in 20 mM 
Tris-HCI (pH 7.6), 10 mM MgCl, 10 mM DTT, 5 mM ATP, with T4 DNA ligase (5 units) at 10°C for 16 h, The ligated mixture was transformed to E, coli strain 
C600 (ref. 54) and ampicillin-resistant transformant colonies selected on antibiotic (25 pg mi~’) minimal X-gal (20 ug ml") medium. Colonies containing 
recombinant plasmids with the lac promoter/operator sequence were identified by their blue coloration on the X-gal medium, due to constitutive expression of the 
chromosomal B-galactosidase gene. Plasmid DNA, isolated from eight independent blue colony transformants, was screened by digestion with restriction 
endonucleases EcoRI and BamHI and one found to contain a single cleavage site for each enzyme separated by ~ 100 bp. Nucleotide sequence determination of the 
small (100 bp) fragment generated by digestion with these two enzymes showed that it contained the lac promoter/operator sequence flanked by EcoRI and BamHI 
sites and orientated such that transcription would proceed towards the BamHI site (P.M., unpublished data). This plasmid was named pPM50 and was used for the 
subsequent cloning of the synthetic interferon gene. DNA (4 pg) of plasmid pPM50 was digested with restriction endonucleases BamHI and SalI in 10 mM Tris-HCI 
(pH 7.6), 6 mM MgCl, 150 mM NaCl and 1 mM DTT at 37°C for 60 min. The reaction was terminated by extraction with phenol/chloroform and the products 
subjected to electrophoresis through 1% agarose in 40 mM Tris-HCl pH 7.8), 6 mM sodium acetate, 1 mM EDTA buffer. The larger 3.2-kb fragment was isolated 
by electroelution®? and chromatography on DE52 DEAE-cellulose. The purified BamHI-~Sall 3.2-kb vector fragment (1 pg) was ligated to the synthetic 
oligonucleotide preparation with T4 DNA ligase (0.4 units) in a total reaction volume of 30 pl containing 20 mM Tris-HCI pH 7.6), 10 mM MgCl, 10 mM DTT at 
12,5 °C for 16 h. The reaction mixture was used to transform competent cells of E. coli K-12, strain MRC 8 (F~, dap 103, hsd R, mee B1, gim 533, uppi, dap 101, sup 
E, rec A) and ampicillin-resistance transformants selected on L-agar®* medium containing N-acetylglucosamine (0.02%) and diaminopimelic acid (50 pg ml”'). 
Transformant colonies containing recombinant plasmids which carried the synthetic oligonucleotide (pIFS plasmids} were identified by Grunstein-Hogness** colony 
hybridization using a radioactively **P-labelled oligonucleotide from within the synthetic sequence (coding for amino acids 78-97) as hybridization probe. B, 
Structure of plasmids containing the synthetic oligonucleotide. Restriction endonuclease-digested plasmid DNAs were analysed by electrophoresis through 6% 
acrylamide”. Hinfl digests of pIFS 1 (a) and pPM50 (b); Tagi digests of pIFS 1 (c) and pPMS0 (d); BamHI and Sall double digests of pIFS 1 (e) and pPM50 (/). 
Reaction conditions were as suggested by the enzyme suppliers. C, Strategy for sequence determination of the synthetic interferon gene. Top line shows the positions 
of relevant restriction endonuclease cleavage sites within the synthetic oligonucleotide insert (heavy line) of the recombinant plasmid pIFS1. The nucleotide sequence 
was determined by use of the Maxam-Gilbert method*® on fragments labelled at the 3' end by use of DNA polymerase I (Klenow) with an appropriate 
{a-**P]-labelled deoxynucleoside triphosphate, The arrows (1~7) indicate the direction and extent of the sequence determined from each labelling position, 
Fragments sequenced are as follows (the numbers refer to the arrows and the labelled ends of the restriction fragments are designated by an asterisk); 1, 
* BamHl-Sall; 2, Hinfl-Hintl*; 3, BamHI-Sall*; 4, EcoRI-TagI*; 5, * Taql-Ddel; 6, Ddel-Taql”: 7, Tagl-Ddel*. 
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Recombinant plasmids of this type were constructed by liga- 
tion of purified BamHI-Sall-cut ppM50 vector DNA to the 
synthetic oligonucleotide preparation. Two cloning experiments 
were performed. In one case, plasmid DNA was ligated to a 
gel-purified 514-bp product of the oligonucleotide ligation mix; 
in the other, plasmid DNA was mixed with the total oli- 
gonucleotide ligation mix and ligation allowed to continue. The 
ligation mixtures were used for transformation of E. coli strain 
MRC8 and the resulting ampicillin-resistant transformant 
colonies screened for the presence of the synthetic oligonucleo- 
tide insert by Grunstein-Hogness colony hybridization® using 
as hybridization probe a radioactively labelled synthetic oli- 
gonucleotide, 60 residues long, coding for amino acids 78-97 of 
the interferon sequence. Two positively responding colonies 
were detected among the transformants arising from the ligation 
of the vector plasmid to the purified 514-bp fragment, and a 
further 12 from the other ligation. This corresponded to a 10% 
yield of recombinant plasmid transformants. 

Analysis of the plasmid DNA isolated from these colonies 
showed that all 14 contained equivalent-size plasmids (pIFS 
1-14). On digestion with BamHI and SalI endonucleases and 
examination of the products by gel electrophoresis, all these 
plasmid DNAs produced an identical 514-bp fragment in addi- 
tion to the 3.2-kilobase (kb) vector fragment. Four of these 
plasmids were selected for more detailed analysis (pIFS 1, 2, 4, 
14), 

Inspection of the theoretical nucleotide sequence of the 514- 
bp synthetic oligonucleotide (Fig. 1) showed that the d(TCGA) 
sequence, which is cut by endonuclease Tad], is present twice (at 
amino acid residues 43/44 and at the SalI restriction site) and 
the d(GANTC) sequence which is cut by the endonuclease Hinfl 
is present three times (at amino acid residues 72/73, 115/116 
and 126/127). Therefore, cleavage of this sequence by these 
endonucleases should yield an internal 375-bp fragment in the 
case of Taqi and 129-bp and 34-bp internal fragments in the 
case of HinfI. Examination by acrylamide gel electrophoresis of 
the DNA fragments produced on treatment of the four selected 
pIFS plasmid DNAs with these two endonucleases showed that 
all produced these predicted fragments, whereas the vector 
plasmid pPM50 produced no such fragments. Figure 4B shows 
these digestion patterns for one of the recombinant plasmids, 
pIFS 1. We therefore conclude that these four pIFS plasmids 
must contain a 514-bp insert between the BamHI and Sall 
cleavage sites which has several widely spaced restriction 
endonuclease recognition sequences in the positions predicted 
from the theoretical sequence of the interferon gene oli- 
gonucleotide. To confirm that the correct interferon gene 
sequence was present in these clones, the 514-bp BamHI-Sall 
fragment from one plasmid, pIFS 1, was subjected to complete 
nucleotide sequence determination” on terminally *’P-labelled 
DNA fragments according to the strategy shown in Fig. 4C. The 
nucleotide sequence so determined is in complete agreement 
with the theoretical sequence shown in Fig. 1. 


Discussion 


The rapid synthesis of genes of this size should allow several 
interesting problems to be examined. There has been some 
speculation about the mechanisms by which the expression of 
human genes cloned into bacteria is controlled (see discussion in 
ref. 47). Obviously, regulation at the level of transcription or 
translation initiation will be of fundamental importance and a 
number of elegant promoter systems have been devised. These 
have allowed high levels of ‘eukaryotic’ protein synthesis to be 
achieved, presumably as a result of the presence of abundant 
copies of their mRNAs. However, studies by Grantham et 
al*-*” comparing the mRNA sequences of highly expressed 
and weakly expressed genes in bacteria suggest that highly 
expressed genes have a special strategy for the selection of 
codons, particulary at position III. This may reflect an optimiza- 
tion of codon—anticodon pairing energies. We have attempted to 
reproduce this pattern of codon usage in the synthetic gene 
(Table 1). Others® have noted the rarity of the dinucleotide CG 





in human IFN mRNA, which reflects the strong preference for 
AGA and AGG as codons for arginine. Whereas the native 
sequence contains 3 CG residues, 2 of which occur within 
codons, the synthetic sequence contains 22 CG residues, 14 of 
which occur within codons. The synthetic sequence also has a 
marked increase in the incidence of CUG for leucine and of 
CCG for proline. Insertion of either the natural human DNA 
sequence or the sequence described herein (or further varia- 
tions) into the same vector and comparison of expression levels 
may shed some light on these questions. Examination of, for 
example, the effect of using a particular codon twice when the 
same amino acid occurs consecutively in the protein awaits 
synthesis of further gene variants (see below). It would also be of 
interest to determine whether any of the complementary 
sequences within the natural gene (or within the synthetic gene) 
affects expression. This could involve either formation of inter- 
nal DNA cruciform structures*® with resultant influence on 
transcription or formation of secondary structures at the mRNA 
level with a resultant influence on translation. 

An exciting recent development concerning interferon has 
been the construction of hybrid genes. Cleavage at a convenient 
common BglII site within the coding sequences of a number of 
the IFN-a genes”*** allows fusion of the N-terminal sequence 
from one gene with the C-terminal sequence from another. 
Thus, in addition to the range of natural IFN-a molecules with 
their different pharmacological profiles'', a potentially large 
number of hybrid interferons with further distinct properties are 
accessible. The availability of a large pool of synthetic fragments 
clearly extends the range of interferon analogues which can be 
prepared. It should be possible to compare rapidly the relative 
activities of proteins generated by this approach in a common 
vector system and it will be interesting to determine whether the 
natural interferons can be improved upon. The wider impli- 
cation is that classical medicinal chemistry structure~activity 
analysis should be possible in relatively large peptides. This may 
yield considerable benefits in a number of important pharma- 
ceutical areas. 
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In two preliminary studies, normal macaque’ and squirrel- 
monkey” striate cortex cut parallel to the surface and stained 
for cytochrome oxidase (a mitochondrial enzyme) showed a 
striking pattern of regularly spaced patches. This was surprising, 
since until then no physiological or anatomical studies had 
suggested such a patchy organization. In the present study in the 
macaque we found that the patches were arranged in rows 
spaced about 350 pm apart. When one eye was injected with 
tritiated proline the rows of patches in layers II and II lay in 
register with the ocular-dominance bands seen autoradio- 
graphically in layer IVc. Removing one eye caused the patches 
in every other row to shrink and blanch, The rows of patches are 
therefore centred on the ocular dominance columns. Regions 
labelled by 2-deoxyglucose autoradiography after stimulating 
one eye with black-and-white stripes in all orientations consis- 
ted of rows of patches that lay in register with the cytochrome 
oxidase patches in every other row. On stimulating monkeys 
with stripes of a single orientation, the deoxyglucose-labelled 
regions formed a lattice that included the cytochrome oxidase 
patches but was more extensive. Thus either the deoxyglucose is 
not labelling the orientation columns at all, or the orientation 
columns coalesce in the areas marked by the cytochrome oxi- 
dase stain. 

Wong-Riley has used a stain for cytochrome oxidase to 
demonstrate a pattern of alternating light and dark bands in 
layer IV of a monocularly deprived kitten, the lighter bands 
presumably reflecting a lowered metabolic activity in the set of 
columns belonging to the closed eye*. Our original purpose was 
to examine cytochrome oxidase activity in the different layers of 
the striate cortex of the norma! macaque monkey. Sections (50 
pm) from glutaraldehyde—paraformaldehyde fixed tissue were 
cut on a freezing microtome and processed for cytochrome 
oxidase activity following a procedure modified from Seligman 
et al.*. In sections cut perpendicular to the cortical surface, 
cytochrome oxidase staining was darkest in layers [Va and IVc, 
which receive the major direct projections from the lateral 
geniculate bodyć. Layers II and III were lightly stained but 
showed periodic fluctuations in density. To examine the pattern 
more closely we sectioned the cortex tangentially, Cytochrome 
oxidase staining showed an array of dark oval patches about 
150 x 200 um which were most obvious in Layers IT and III but 
were also present, though faint, in layer VI. Although varying to 
some extent from animal to animal, the patches were generally 
aligned in rows spaced ~ 350 um apart, with the long axis of 
the patches parallel to the rows. Within a row the patches 
were ~ 550 um apart, but in some places became confluent. 

Occasionally, patches in neighbouring rows seemed to be 
` aligned, forming a square or hexagonal array over small regions 
of cortex. 
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The rows of cytochrome oxidase patches resembled ocular 
dominance columns in their spacing and in intersecting the 
17-18 border at right angles (Fig la). It was obviously important 
to learn whether these rows were really related to the ocular 
dominance columns, and, if so, whether the patches lay along the 
dominance columns or straddled the borders between them. We 
therefore removed one eye of a macaque monkey, killed the 
animal 10 days later and stained the visual cortex for cyto- 
chrome oxidase. Sections through layer [Vc showed ocular 
dominance columns visable as alternating light and dark bands 
(Fig. 1b), in striking contrast to the uniformly deep staining of 
this layer for cytochrome oxidase in normal monkeys. In 
sections passing through layers II and III there were parallel 





Fig.1 a, Tangential section through the superficial layers of the 
visual cortex of the normal macaque monkey; cytochrome oxidase 
stain. The section passes through the 17-18 border, which runs 
horizontally in the figure with area 17 below and 18 above. The 
patches in 17 are aligned in rows perpendicular to the 17-18 
border. b, Cytochrome oxidase section tangential to area 17 in a 
macaque monkey that had its right eye removed 10 days pre- 
viously. Section grazes layer V, which forms a pale oval near the 
centre, surrounded from within out by layers IVe (dark stripes), 
IVb (pale and narrow), [Va (dark, very narrow) and H, III 
{containing patches). Dark and pale alternating stripes in layer IVe 
are typical of ocular dominance columns, in their regularity, direc- 
tion and spacing. c, Same monkey as in b. This section is more 
superficial, grazing layer IVb. Cytochrome oxidase patches lie in 
rows that are alternately dark and pale: the pale rows lie over the 
light stripes in layer [Vc corresponding to the injured eye. Scale 
bar, 2mm, 
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Fig.2 a, Dark-field autoradiograph of striate cortex in a normal monkey whose right eye was injected with *H-proline 2 weeks earlier, The 

section is tangential, grazing layer V (dark ovals) but passing mainly through layer IVc. Here typical ocular dominance columns are seen as light 

bands of label corresponding to the injected eye separated by darker gaps. b, More superficial section from the same block as a, cytochrome 

oxidase stain. The rows of cytochrome oxidase patches in the superficial layers follow the pattern of the ocular dominance patches. This is shown 
in c by drawing the borders of the columns from a directly onto b. Scale bar, 1 mm. 


rows of patches as in normal monkeys, but in every other row the 
patches were paler and smaller (Fig. 1c). When one of these 
sections was aligned with a section through layer IVc, using as a 
guide small blood vessels (which generally run normal to the 
cortex through its full thickness), the alternating rows of dark 
and light patches fell into precise register with the dark and light 
bands in layer IVe. This indicated that the rows of patches in 
normal monkeys lie centred on the ocular dominance columns 
rather than along the borders separating them. All the cells in 
any given patch are thus likely to be strongly dominated by the 
same eye. 

In a second monkey we injected one eye with 2 mCi °H- 
proline to label the ocular dominance columns in layer [Vc by 
transneuronal autoradiography. Figure 2a, a dark-field 
autoradiograph of a section tangential to layer IVe, shows 
typical ocular dominance columns in which the light bands 
represent the injected eye. A more superficial section stained for 
cytochrome oxidase shows the expected array of patches 
(Fig. 2b). When aligned with the autoradiograph, again using 
radial blood vessels as a guide, the rows of patches follow the 
course of the ocular dominance columns and are centred on 
them (Fig. 2c). 

In a third monkey we used the 2-deoxyglucose method to 
label regions of cortex activated by stimulation of one eye. We 
anaesthetized the animal with sodium thiopental injected ‘“C-2- 
deoxyglucose (100 uCi per kg), and stimulated the visual field of 
the right eye with a set of black-and-white stripes of irregular 
width and spacing, moved slowly back and forth and steadily 
rotated so as to expose the animal to all orientations about once 
every minute. After 45 min the monkey was killed, the brain 
perfused, frozen and sectioned and the dried sections pressed 
against X-ray film. Alternate sections were stained for cytoch- 
rome oxidase. A pattern representing ocular dominance 
columns was visible in the deoxyglucose autoradiographs of 
tangential sections through layer IVe. An adjacent section 
stained for cytochrome oxidase showed no trace of ocular 
dominance columns in layer I Vc, indicating that the brief period 
of monocular stimulation was insufficient to affect cytochrome 
oxidase levels. When a cytochrome oxidase section through 
layers II and III (Fig. 3a) was superimposed on a deoxyglucose 
autoradiographs of layer IVc, the rows of cytochrome oxidase 
patches were again centred over the ocular dominance columns, 
confirming the results of the eye removal and transneuronal 
autoradiography experiments. 

Deoxyglucose sections adjacent to Fig. 3a showed an array of 
patches of increased deoxyglucose uptake (Fig. 3b) which lay 





Fig.3 a, An array of cytochrome oxidase patches in layers U1, HI 
of striate cortex of a normal macaque monkey, 4, This 2-deoxy- 
glucose autoradiograph of an adjacent section shows patches of 
uptake of label after stimulation of one eye with black-and-white 
stripes in all orientations. c, When a and 4, photographed on film, 
are overlapped in precise register the two patterns reinforce. d. 
When shifted out of alignment by 150 um (see Ns) the patterns 
tend to cancel. Scale bar, 1 mm. 
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Fig. 4 a, Complex pattern of ‘*C-2-deoxyglucose label in layers I, II] of macaque striate cortex after stimulation of both eyes with vertical 
stripes. b, An adjacent section stained for cytochrome oxidase shows an array of patches. c, The cytochrome oxidase patches fall within the lattice 
of deoxyglucose label, as shown by representing each patch in b, with a small white dot, and placing them directly on a. Scale bar, 1 mm. 


over the deoxyglucose-labelled ocular dominance columns in 
layer IVc. A similar patchy pattern from stimulating one eye 
with all orientations has been observed by Kennedy et al.’ and 
by Hendrickson and Wilson®., The deoxyglucose pattern 
resembled the cytochrome oxidase pattern, but the patches were 
larger and the rows more widely spaced. When Figs 3a and 3b 
were superimposed, in and out of register (Fig. 3c, d), the 
patches of increased deoxygiucose label matched the cytoch- 
rome patches lying in every cther row. 

Attempts to learn whether there was any relationship 
between the cytochrome oxidase patches and orientation 
columns produced unexpected results. In two experiments we 
stimulated with vertical black-and-white stripes after injecting 
2-deoxyglucose. As shown in Fig 4a, the pattern in tangential 
sections through layers II and II was periodic and yet highly 
complex, forming a lattice cf stripes, rosettes and patches, as 
reported previously’. The patches seen in adjacent sections 
stained for cytochrome oxidase (Fig. 4b) fell along the lattice of 
deoxyglucose label (Fig. 4c). Where the deoxyglucose pattern 
appeared patchy, the patches tended to coincide with the 
cytochrome oxidase patches; the deoxyglucose pattern thus 
included the cytochrome patches but seemed to extend beyond 
and between them. We first thought that the cytochrome oxidase 
patches might have some special relationship to vertical orien- 
tation columns’, but two similar experiments using deoxy- 
glucose and horizontal stripes gave the same result, with the 
cytochrome oxidase patches lying along the lattice formed by the 
deoxyglucose label. Thus all orientations of line stimuli probably 
activate cortex in the regions of the patches, as indeed is 
suggested by the deoxygluccse experiment in which one eye was 
stimulated with all orientations. A combination of physiological 
recordings and a double-label deoxyglucose technique’® will 
probably help clarify the relationship between the patches and 
the orientation columns. 

In squirrel monkeys Humphrey and Hendrickson? have 
shown that the deoxyglucose pattern obtained when both eyes 
are stimulated with all or:entations is identical to the cyto- 
chrome oxidase pattern. Similarly, we have found in two squirrel 
monkeys a strong correlation between the cytochrome oxidase 
patches and the pattern after stimulation with horizontal stripes 
in both eyes. In the human and the galago, a prosimian primate, 
the striate cortex likewise shows cytochrome oxidase patches, 
we find that the cat and tree shrew lack such patches. A patchy 
distribution of cytochrome oxidase staining may reflect a system 
of inputs, outputs and intrinsic connections unique to the visual 
cortex of primates. 
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The neurotransmitter produced by autonomic neurones is 
influenced by the environment in which they develop’. For 
example, Le Douarin’? and her colleagues have shown that 
regions of the neural crest which normally give rise to choliner- 
gic ganglia can be induced to develop into adrenergic cells by 
transplanting them into a region of the crest which normally 
gives rise to adrenergic ganglia. Similarly, sympathetic neurones 
grown in culture express either adrenergic or cholinergic pro- 
perties depending on whether they are grown in the absence or 
presence of certain types of non-neuronal cells™™5, Patterson ef 
al.’ demonstrated that this is not due to selective survival of a 
population of neurones but that the transmitter choice of 
individual neurones can be altered by soluble factors produced 
by non-neuronal cells. Like autonomic neurones, sensory 
neurones derive from the neural crest and it therefore seems 
likely that the type of transmitter they produce could also be 
influenced by the environment in which they develop. Here I 
demonstrate that when sensory neurones from embryonic chick 
dorsal root ganglia are grown together with ganglionic non- 
neuronal cells or with medium ‘conditioned’ by incubation with 
such cells, they produce increased amounts of somatostatin 
(SOM). This increase is neither accompanied by an increase in 
substance P (SP) content nor a detectable change in neuronal 
survival and thus differs from the effect of nerve growth factor 
(NGF), which increases survival of sensory neurones without 
affecting the relative levels of SOM and SP. 





* Present address: MRC Neuroimmunology Project, Department of Zoology, University 
College London, Gower Street, London WCLE 6BT, UK. 





0028-0836/81/340764—04 301.00 


© 1981 Macmillan Journals Ltd 





Nature Vol. 292 20 August 1981 


Although the transmitters used by sensory neurones are 
unknown, several peptides, namely substance P, somatostatin, 
cholecystokinin (CCK) and vasoactive intestinal peptide (VIP), 
are present in small-diameter neurones of the DRG (dorsal root 
ganglia) and in small-diameter fibres that project into the spinal 
cord dorsal horn”. Although SP and SOM seem to be in separate 
populations of neurones’, it is not known which subclasses of 
small fibres contain these peptides or whether they coexist with 
other transmitters. As both SP and SOM can be released from 
sensory neurones ™™ and both can alter neuronal firing rates in 
the dorsal horn’***, it seems likely that they (and probably also 
CCK and VIP"*) are involved in synaptic transmission in the 
spinal cord, although their functions remain unclear. 

DRG from 10-day-old chicken embryos were dissociated to 
single cells and plated on to collagen-coated tissue culture dishes 





Fig. 1 Phase contrast micrographs of cultures of chick DRG. 
Dissociated cells were plated on to collagen-coated 35-mm culture 
dishes (Falcon). The growth medium used was Eagle's minimum 
essential medium (MEM) supplemented with 2mM glutamine, 
50 yg mi”! penicillin, 50 U mi“! streptomycin, 10% horse serum 
(all Gibco), 5% chick embryo extract (CEE) plus nerve growth 
factor (NGF). a, Neurones plus ganglionic non-neuronal cells 24 h 
after plating. $, Neurones plus ganglionic non-neuronal cells 15 
days after plating. The dividing non-neuronal cells were confluent 
6 days after plating, at which time the cultures were irradiated with 
°Co to arrest further cell division. c, Neurones-alone cultures 15 
days after plating. These cultures were treated with 5x10°°M 
cytosine arabinoside for the period between 12 h and 5 days after 
plating to kill almost ali the non-neuronal cells. Cultures from the 
same plating as in a, b and ¢ provided the data shown in Fig. 2. 
Scale bar, 50 um. 
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Fig.2 SP (a) and SOM (4) content of DRG cultures grown for the 

number of days indicated in either the presence (@) or virtual 

absence (©) of ganglionic non-neuronal cells. The number of 

neurones present in each culture is shown in c. Data are expressed 

as mean +s.e.m. of either three or four cultures; all cultures were 
from the same plating. 


to give two types of culture: (1) cultures of ‘neurones alone’ in 
which almost all the non-neuronal cells were eliminated by 
treatment with cytosine arabinoside, (2) neurones grown 
together with dividing ganglionic non-neuronal cells. Within 
24h after plating, both neurones and non-neuronal cells had 
attached to the collagen substratum and phase-bright, neurone- 
like cells had extended processes (Fig. 1a) which grew during the 
next 2 weeks to form a dense network (Fig. 1b, ¢). 

At various times after plating, the number of phase-bright 
neuronal somata was estimated by counting about 30 fields 
(x200 magnification) chosen at random and normalizing for the 
total area of the dish. In typical platings there were 15-20 
neurones per field and these were evenly distributed throughout 
the dish. The cultures were then extracted using 2M acetic acid 
and the extracts lyophilized. The amount of SP and SOM 
present in a culture was assayed by radioimmunoassay. Anti- 
body R6P was used for the SP assay as previously described”. 
The SOM assay used was a modification of that described 
elsewhere'*. Briefly, the SOM assay used antibody M4 with 
“51 tyrosinyl-SOM as a tracer. The incubation and separation 
procedures were essentially the same as those used for the 
SP assay. SOM standards were prepared using cyclic-SOM 
(Boehringer Mannheim) and the concertrations checked by 
amino acid analysis. When extracts of neurones plus non 
neuronal cell cultures were chromatographed on a gel-filtration 
column (Sephadex G-25-80; Sigma), over 85% of both the SP- 
and SOM-immunoreactive material eluted.as single peaks in the 
same volume as either synthetic SP or synthetic SOM. (The fact 
that only one peak of SOM is present in the extracts of DRG 
cultures is noteworthy, as a variety of tissues, including adrenal 
medulla’’, contain SOM-immunoreactive material of several 
different molecular weights when assayed using the same anti- 
body). 

The peptide content of cultures containing either neurones 
alone or neurones plus non-neuronal cells isshown in Fig 2. The 
cells plated on to each dish (from five ganglia} contained 35 fmol 
of SP and 120 fmol of SOM when freshly dissociated, During the 
next 2 weeks, the content of SP in the cultures of neurones alone 
increased ~-75-fold and then reached a plateau, while the 
content of SOM remained low; the ratio of SOM/SP was 6.03 at 
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Fig.3 Effect of conditioned medium and NGF on levels of SP and 
SOM and on DRG neuronal survival. a, Neurones-alone cultures 
were fed every day for 11 days with medium containing 33% 
conditioned medium (CM); control cultures received only fresh 
medium (all media contained 1 pg ml”! NGF). Results are mean 
+s.e.m. of triplicate cultures. Ganglionic non-neuronal cells 
without neurones were obtained by removing from the cultures 
neurones, together with non-neuronal cells, using trypsin, filtering 
the mixture through lens paper, re-plating and irradiating the cells 
when confluent; neurones do not survive this treatment. Medium 
incubated for 2 days with such cultures provided the conditioned 
medium. Aliquots of conditioned medium and the ganglionic 
non-neuronal cells were also assayed for SP and SOM. 
b, Neurones-alone cultures were fed for 11 days with medium 
either with or without the addition of NGF at a protein concen- 
tration of 1 ugml~'. NGF was prepared from mouse salivary 
glands”*, Results are mear +s.e.m, of triplicate cultures, 


2 weeks and 0.13 at 4 weeks. However, when the neurones were 
grown together with ganglionic non-neuronal cells, the content 
of SOM steadily increased after the first week of culture (the 
time at which the non-neuronal cells are confluent) and after 2 
weeks and 4 weeks, the ratic of SOM/SP was 0.96 and 6.34, 
respectively (Fig. 2a, b). This increase in SOM content could not 
be attributed to a general effect on neuronal growth, because it 
was not associated with an increase in SP content. Indeed, the 
content of SP in the presence of non-neuronal cells was 
suppressed by ~50% at all time points (Fig. 2a). The number of 
neurones surviving in culture remained constant from the first 
day after plating, for 3 weeks in culture, while in the fourth week 
there was a 20% loss of neurones (Fig. 2c). There was no 
detectable difference within the limits of the counting procedure 
in neuronal survival in the presence or absence of non-neuronal 
cells. 

To determine whether the non-neuronal cells had to be in 
contact with the neurones to influence the production of SOM, 
cultures of neurones alone were fed with medium that had been 
conditioned by incubation with ganglionic non-neuronal cells 
without neurones. Such conditioned medium markedly 
increased the SOM/SP ratio without detectably influencing 
neuronal survival (Fig. 3a). This experiment also showed that it 
was the neurones which increased their SOM content, as neither 
the non-neuronal cells nor the conditioned medium contained 
` detectable amounts of SOM or SP, 

Although NGF is known to affect the development” and SP 
content”? of sensory neurones and is produced by cultured 
non-neuronal cells’, it is unlikely to be the agent responsible for 
the change in relative amounts of SOM and SP in these experi- 
ments. When NGF was added to cultures of neurones alone, it 
doubled the number of neurones which survived and increased 
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both SOM and SP proportionately, but did not significantly alter 
the ratio of SOM/SP (Fig. 3b). Moreover, all the experiments 
demonstrating the effect of non-neuronal cells or conditioned 
medium on the SOM/SP ratio were done in saturating levels of 
NGF. 

The survival of sensory neurones depends on additional 
factors distinct from NGF which are present in brain extracts 
and secreted by a glioma cell line**. In my experiments, the 5% 
chick embryo extract (CEE) present in the medium presumably 
provided some factor which supported the survival of neurones 
in the absence of added NGF. As CEE was present in all the 
experiments reported here and, again, because the change in 
SOM/SP ratio occurred without a change in neuronal survival, 
the ‘survival factor’ demonstrated by Barde er al.’ is also 
unlikely to be the factor which increased SOM content. 
Furthermore, when an extract of embryonic chick brain?‘ 
(100 ug ml“* protein) was added to cultures of neurones alone 
for 2-10 days after plating, SP content was increased ~two-fold 
and SOM rather less; thus there was little effect on the SOM/SP 
ratio. 

These results demonstrate that, like sympathetic neurones, 
sensory neurones respond to a factor from non-neuronal cells 
that dramatically influences peptide synthesis. This change in 
the relative content of SOM and SP is distinct from previously 
described influences on neuronal survival in the ganglia. It is not 
known whether, analogous to the switch in adrenergic—chol- 
inergic properties of sympathetic neurones', a single population 
of developing sensory neurones is capable of making either SP 
or SOM. It is also unknown whether the levels of CCK and VIP 
can be similarly influenced, nor is it clear what part this effect 
plays in normal development of sensory neurones. However, in 
view of the diversity of peptides present in sensory (and 
autonomic) ganglia, it is possible that the soluble factor 
described here may represent one of the differentiation signals 
required for development of neural crest cells, 

As DRG non-neuronal cells consist of two major cell types, 
glial cells and fibroblasts, it is of interest to know which type of 
cell is influencing the relative levels of SOM and SP. Experi- 
ments using purified cultures of either Schwann cells or fibro- 
blasts from DRG” or autonomic ganglia should establish this 
point and provide a well defined system for extending these 
observations. 

I thank Drs G: D. Fischbach and S. E, Leeman for their 
support and encouragement of this work. I also thank P. H. 
Patterson for his encouragement and advice. The somatostatin 
antibody was a gift from M. Arnold and J. Fernstrom. This work 
was supported by NIH grant NS11160 to G. D. Fischbach and 
AM1651007 to S, E. Leeman. A.W.M. was supported by NIH 
training grants GM00919 and NS07009. 
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Recent data of Gorcxynski and Steele suggested that male mice 
made tolerant of an allogenedc strain by the neonatal injection of 
hybrid lymphomyeloid cells may, by a presumably genetic 


for the inheritance of an acquired characteristic, uses a RNA 
tumour virus that transfers to the spermatogenic germinal epi- 
thelium DNA coding for the gene products of the foreign 
alloantigens. This is possible because the tolerant mouse is 
chimaeric amd contains small sumbers of foreign lympho- 
myeloid cells. Thus, the virus transfers genetic information for 
transplantation antigens from the chimeric foreign cells to the 

epithelium of the host. The progeny of the tolerant 
male are themselves tolerant because they have received DNA 
coding for the foreign antigens from patermal sperm. The pro- 
geny are tolerant because foreign is now ‘self’. I have now 
repeated these in a strain combination of rats, DA 
tolerant of PVG, and fownd no hyporesponsiveness to the PVG 
strain in the progeny of tolerant DA males. 

Neonatally induced transplantation tolerance requires the 
acceptance of an allogeneic skin graft’, and such tolerance seems 
coincidental with the inability of lymphocytes from these skin- 
graft-tolerant animals to generate cytotoxic lymphocytes against 
alloantigens of the tolerated strain*’. In addition, the lympho- 
cytes of some tolerant animals are incapable of proliferation.in 
the mixed lymphocyte culture (MLC) when stimulated by 
alloantigens of the tolerated strain**’. These lymphocytes are 
also able to transfer adoptively specific tolerance to sub-lethally 
irradiated syngeneic recipients*’. These four criteria were used 
to analyse the tolerant state of DA males made neonatally 
tolerant to PVG, and to analyse the relative responsiveness to 
PVG alloantigens of the DA progeny of these tolerant males. 

DA neonates from three litters (20 pups) were made tolerant 
of PVG by the injection into the tail vein of 1 x 10* spleen and 
bone marrow cells from (PVG X DA)F, hybrid female donors. 
Injections of 0.1 ml using a 30-gauge needle were given within 
24h of birth. At 6 weeks of age, all putatively tolerant DA 
rats—18 of the surviving animals—were grafted with PVG ear 
skin", and of these, 14 accepted PVG grafts for 60 days without 
evidence of rejection. The skin-graft-tolerant rats were also 
analysed to determine if their peripheral blood leukocytes 
(PBL) could be stimulated by PVG alloantigens in the MLC, a 
sensitive assay used to detect reactivity to allogeneic deter- 
minants’, DA males that accepted PVG skin grafts for 60 days 
and had PBL which were not stimulated by PVG alloantigens in 
the MLC, were allowed to sire,one litter with a normal DA 


female. The tolerant males were cannulated and their thoracic- 


duct lymphocytes (TDL) analysed in quantitative MLC and 
cytotoxic lymphocyte culture (CTL) assays for their ability to 
respond to PVG and third party Lewis alloantigens. In addition, 
-1x10* TDL from these tolerant males were transferred adop- 
tively to sub-lethally irradiated (500 rad) DA recipients to 
determine if the TDL from tolerant males could transfer 
unresponsiveness to secondary recipients against PVG 
antigens*’, Six of the eight males met the four criteria of 
tolerance to transplantation alloantigens—acceptance of skin 
grafts, unresponsiveness in the MLC and CTL assays to PVG 
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Fig. 1 A representative experiment of the mixed lymphocyte 
culture (MLC) and cytotoxic lymphocyte culture (CTL) in which 
responding cells are titrated against a constant number of stimulat- 
ing cells. The relative estimates of frequency in Table 3 are derived 
from this type of experiment. Stimulators and targets: A, DA; 
©, PVG; O, Lewis. The MCL was used asa quantitative assay follow- 
ing procedures described elsewhere’® in which serial dilutions of 
responder TDL were added to an excess of irradiated stimulator 
spleen and lymph node cells in a constant volume of 0.2 ml per 
round-bottomed microtitre well Cells were cultured in RPMI 
1640 containing 5% fetal calf serum (FCS), 2mM glutamine, 
2.5x 1075 M 2-mercaptoethanol and antibiotics. The FCS was 
selected for its ability ~to support the generation of cytotoxic 
lymphocytes without high spontaneous proliferation. Stimulator 
cells were spleen and lymph node cells pooled from one donor and 
were irradiated with 1,000 rad. The MLC was incubated for 4 days 
at 37°C in a humidified CO, incubator. During the last 4h of 
incubation each well contained 1.0 pCi of "H-methylthymidine (15 
Ci mmol), added in 0.01 ml of phosphate buffered saline. The 
cells were collected on a semi automatic harvester. The same 
quanttative approach was used to essay the potential cytotoxic 
activity of a responder population. Cytotoxic activity was measured 
in wells from titrated MLC responses on day 5. 0.1 ml of culture 
supernatant was removed from each well and replaced with 0.1 ml 
of target cells (10° per mi), The plates were spun at 500g at room 
temperature for 10 min and incubated at 37°C for 4-6h in a 
hutmdified CO, incubator. To terminate the-cytotoxic experiment, 
plates were placed on ice and 0.1 ml removed for counting. Target 
cells were 3-day Con A blasts prepared from lymph node cells in 
complete medium with 2.5 pg ml~’ Con A. Target cells (2-3 x 10”) 
were labelled for 1-2 h with 50-100 pCi of “!Cr sodium chromate 
(Amersham), washed and then resuspended_in complete medium. 


alloantigens and the ability to transfer suppression (Table 1, Fig. 
1). Responses to the Lewis strain, the third party control, were 
normal, indicating that the tolerance and suppression were 
specific for PVG antigens. 

Half of the progeny (21 DA rats) of the six tolerant males were 
analysed by quantitative MLC and CTL assays’®, and half were 
skin grafted with (PVG x DA)F, ear skin. Males were grafted 
with male skin and females with female skin. The data on skin 
graft rejection (Table 2) indicate that the progeny of the tolerant 
DA males rejected PVG grafts and third party Lewis grafts at 
the same rate as did normal DA rats. Thus, there was no 
evidence of tolerance by this assay. 

As the rate at which skin grafts are rejected might not detect 
subtle and weak hyporesponsiveness, the remaining progeny 
were analysed to estimate their response to PVG and Lewis 
alloantigens, as measured by MLC and CTL assays”. The 
number of DA TDL responding to PVG and Lewis alloantigens 
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was titrated to generate a dose-response curve. The advantage 
of this type of analysis is that displacement along the x-axis 


represents the relative change in the frequency of cells reactive ` 


to the stimulating antigen'’. The relative frequency between 
control and experimental groups may be related by comparing 
the required number of ceils, determined by regression, needed 
to give a certain response. For the MLC assays the number of 
cells required to give 10,000 c.p.m. °H-thymidine incorporation 
was chosen to relate the relative frequency between animals, 
and the number of cells required for 33% specific cytolysis was 
chosen as the estimate of frequency for the CTL assay. The data 
in Table 3 indicate that the relative response of DA TDL from 
either normal DA rats or DA rats that were the progeny of 
tolerant males is the same with respect to PVG alloantigens. 

These results suggest that, in this strain combination of rats, 
tolerance or any weak hyporesponsiveness to transplantation 
antigens cannot be transmitted to the progeny of tolerant rats. 
Thus, acquired tolerance could not be transmitted genetically. 
Although these results clearly cannot confirm those of Gorc- 
zynski and Steele'’, they do not falsify their theory that a virus, 
which includes in its genome some DNA coding for the tolerated 
transplantation antigens, could infect spermatogenic germinal 
epithelium. The resulting sperm would render progeny tolerant 
because the foreign alloantigen is now self. Presumably, genetic 
information for other immunological phenomena, for example, 





Table 1 Adoptive transfer of tolerance by thoracic-duct lymphocytes from 


tolerant males 





Adoptive transfer assay* 


Status of DA male donor (graft survival, days) 


PVG Lewis 

Rat | Tolerant of PVG 14; 48; > 100; > 100 8,9; 9; 10 

2 Tolerant of PVG 17; > 100; > 100; > 100 9; 9; 9; 10 

3 Tolerant of PVG 18; 91; >100; >100 9; 10; 10; 11 

4 Tolerant of PYG 21; 53; >100; >100 8,9; 10; 11 

5 Tolerant of PVG 25; 63; >100; >100 9; 9; 10; 10 

6 Tolerant of PVG 20; > 100; > 100; > 100 8; 10; 10; 10 
Normal DA 9; 10; 10; 11 8; 10; 10; 11 
Normal DA 89:9; 11 9,9; 9; 10 
No cells transferred 17; 19; 24; 24 13; 15; 18,19 
No cells transferred 17; 21; 23; 25 14; 16; 19; 20 
No cells transferred 18; 19; 21; 22 18; 18; 19; 19 





At the time of cannulation for thoracic-duct lymphocytes (TDL), each DA male 
tolerant of PVG was 3-4 months old and had not yet rejected a PVG graft 60-90 
days after grafting. 

* According to Dorsch and Roser’. Four DA rats, irradiated with 750 rad (a 
sublethal dose), were grafted with both PVG and Lewis ear skin and injected 
intravenously with 5 x 10’ TDL from the indicated donor. 


anti-idiotypic antibodies, could also be transmitted, and in this 
way account for the tolerant progeny. 

Because viruses show host specificity, that is, preferentially 
infect certain species or even subgroups of a species, it is possible 
that mice could transmit genetically acquired tolerance, but that 
other species, for example, rats, could not. 

An additional experiment relevant to the interpretation of the 
experiments of Gorczynski and Steele is the backcross (A x B)F, 
male x A female. The hybrid male, (A x B)F,, and the male, A, 
made tolerant of B are similar in that both have acquired a state 
of tolerance to B. If such tolerance to B can be transmitted 
genetically by sperm haploid for A, then less than 50% of the 
progeny of the backcross should respond to B. As far as I am 
aware, this is not the case—50% of such progeny are histoin- 





Table 2 Skin graft rejection of the progeny of tolerant male rats 





No. of Rejection (days) 
Group animals (MST + 1 s.d. (Range}) 
PVG Lewis 
Normal DA rats 20 7.75 40.72 7.94085 
(7-10) (7-10) 
Progeny of DA males 21 7.95 +0.87 7.81+£0.87 
tolerant of PVG (7-10) (7-10) 


POENE OE E E E E EEE 
All rats were doubly grafted with ear skin from PVG {left fank) and Lewis (right 
flank). 








Table 3 Relative response to PVG alloantigens by thoracic-duct lymphocytes 
from DA rats 





MLC assay 
No. of cells to give 
Status of DA Slope 10,000 c.p.m. 
N rats (mean +s.d, (range)) (mean +s.d. (range)} 
10 Normal 1.64+0.15 49,860 + 4320 
(1.38~1.84)} (41,188~57,833) 
21 Progeny of males 1.70+0.18 52,495 + 5950 
tolerant of PVG (1.41-1.86) {40,599-63,495) 
CTL assay 
Slope No. of cells to give 
(mean +s.d. (range)) 33.3% specific lysis 
10 Normal 85.647.4 49,279 + 12,226 
(76-94) (45,481-65,234) 
21 Progeny of males 84.326.3 47,321 + 10,119 
tolerant of PVG (73-93) (33,258-64,145) 


Dose-response curves were done for each animal as described for Fig. 1, and the 
data analysed by simple linear regression. The relative response to PVG alloan- 
tigens was computed for each animal as the number of cells required to incorporate 
10,000 c.p.m. of #H-thymidine or give 33.3% specific lysis of PVG of concanavalin 
A (Con-A) blasts labelled with °'Cr. Normal and experimental groups are not 
different statistically by Student’s t- test. The correlation coefficient was >0.95 for 
all regression lines. P >0.2 for the normal and experimental groups in both the 
MLC and CTL assays. 
compatible to B. Because of the generally accepted results of 
this type of experiment, I believe it is unlikely that ‘antigen’ is 
being transferred genetically, and thus this does not explain why 
tolerant males should pass on their tolerance to their progeny. 

Of course, the point of Gorczynski and Steele’s work is that 
genetically transmitted acquired characteristics in mice is not the 
usual form of inheritance, and that such an event is truly 
exceptional. It is hoped that the experiments of Gorczynski and 
Steele’? can be repeated in the same strains of mice which they 
used, preferably derived from the same stock. 

This work was supported by NIH grant HD-13260. 
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Graves’ disease is a multifactorial disease in which immuno- 
genetic as well as environmental factors have important roles. 
Recently, cumulative evidence has shown that genes controlling 
immune responses are linked to the MHC (major histocom- 
patibility complex)' and/or immunoglobulin allotype genes””. 
To identify the genes governing susceptibility to Graves’ dis- 
ease, we have studied 30 Japanese families where more than two 
first degree relatives were affected with the disease. From 
genetic analysis of HLA (human MHC) and immunoglobulin 
allotype of ali family members, we present here evidence for the 
existence of two genes controlling the susceptibility to Graves’ 
disease, one closely linked to HLA-DR, the other linked to the 
gene coding for the Gm allotype. 





0028--0836/81/340768--03901.00 


© 1981 Macmillan Journals Lid 


Nature Vol. 292 20 August 1981 


769 





i 2 
I 
c 
“ 7a 


Yq 4s 





ooh oe 
i, ¢ 6498 = 

Ul Lio» 
ye “Go S 
y h, h. R 


Fig. 1 A family affected with Graves’ disease. @ W, S 
disease. a: HLA-A26, Bw54, Cwl; b: HLA-A2, Bw54, 

HLA-A11, Bw39, ~; d: HLA-A2, ~, ~; p: Gm(1, 13, 15, ik in. 
q: Gm(1, 17, 21); r: Gm(1, 3, 5, 13, 23); 5: Gm(1, 13, 15, 16, 17). 


The families comprised 189 members, 71 (37.6%) of whom 
were affected with Graves’ disease (60 female). The diagnosis of 
Graves’ disease was based on the history and signs of hyper- 
thyroidism with diffuse goitre, increased ‘*'l uptake, raised 
serum thyroid hormone levels, the presence of thyroid auto- 
antibodies, a positive stimulation test to thyrotropin releasing 
hormone (TRH test) and triiodothyronine suppression test, and 
histological examination if necessary. All these examinations 
except the triiodothyronine suppression test were also applied to 
healthy family members. They were typed for HLA-A, -B, -C 
and -DR antigens and immunoglobulin allotypes, Gm and Km. 

We analysed the segregation of Graves’ disease and HLA and 
Gm haplotypes in 15 selected families. We identified the dis- 
ease-associated haplotypes of HLA and Gm by determining the 
haplotypes shared between two affected siblings selected if 
necessary by random number. We found that all affected siblings 
except one female shared the disease-associated haplotypes of 
both HLA and Gm. However, siblings who shared the disease- 
associated haplotypes did not necessarily suffer from the disease 
(Fig. 1). Statistical significance of this genetic association 
between the development of Graves’ disease and particular 
HLA and Gm haplotypes in each family was analysed by the 
sib-pair method’ using 62 siblings in the families. Siblings under 
10 yr old were excluded from analysis because Graves’ disease is 
very rare below this age (Table 1). A significant association 
between the development of Graves’ disease and particular 
HLA and Gm haplotypes in each family was observed (P < 2.0 x 
107°). The association was strong and significant in female 
siblings (P<2.0 107°), but not significant in male siblings, 
partly due to the small numbers of male patients in these 
families. The strong association between the development of 
Graves’ disease and HLA and Gm haplotypes indicated that 
there might be two genes linked to HLA and Gm, respectively, 
which had a major influence on the development of Graves’ 
disease. The one affected female sibling who did not share the 
disease-associated haplotype of HLA with other affected 
siblings could be explained by a recombination between HLA 
and an HLA-linked susceptibility gene for Graves’ disease. 
Fourteen healthy siblings who had the disease-associated 
haplotypes were aged from 12 to 49 yr (mean age 27.6 yr). 
Because the age of onset of Graves’ disease varies widely, they 
may possibly develop the disease later in life. 

Furthermore, in a study of 30 probands in these families, the 
antigen frequency of HLA-DRS was significantly increased to 
30.0%, compared with 5.0% in control group (Pe <3.0 x 107%). 
The association between Graves’ disease and HLA-DR5 
indicated that an HLA-linked disease susceptibility gene was in 
strong linkage disequilibrium with HLA-DRS (Table 2). There 
was, on the other hand, no significant association between 
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Table 1 Association between Graves’ disease and HLA and Gm 
haplotypes in 15 families 





Disease-associated 


haplotypes 
of HLA and Gm allotype P 
Positive” Negative? 
Total sib Affected 17 1 220x10? 
{n =62) Unaffected 15 l4 
Female sib Affected 14 l <20x10° 
in = 50) Unaffected 8 12 À 
Male sib Affected 3 0 NS 
{n=12) Unaffected 7 2 j 





One affected sibling used to determine disease-associated haplotypes 
in each family was excluded from this analysis. The P value was 
calculated by Fisher’s exact method. NS, not significant. 

* Positive for disease-associated HLA and Gm haplotypes. 

+ Negative for either or both disease-associated HLA haplotype and 
Gm haplotype. 


Graves’ disease and any particular immunoglobulin allotype in 
these probands, indicating the absence of significant linkage 
disequilibrium between Gm and a Gm-linked disease suscep- 
tibility gene. 

The HLA-D region is assumed to be comparable to the 
I-region of the murine H-2 complex, in which immune response 
genes (Ir genes) and immune suppression genes (Is genes) are 
located**. Recently, it has become more evident that HLA- 
linked Ir genes or Is genes exist in man”. Analysis of a human 
population has also revealed a statistical association of Gm 
allotypes with immune responsiveness to specific antigens’?! 
and with several autoimmune diseases” >. 

In the murine system, it has been demonstrated that idiotypic 
determinants are linked to heavy-chain constant region allotypic 
markers'*'*, and the idiotypic determinants of antigen-specific 
receptors on lymphocyte membranes are likely to have 





Table 2 Association between Graves’ disease and HLA 





Graves’ Control 
HLA- disease group 
antigens (n = 30) (n = 80) x’ Pe RR 
DRS 9(30.0%) 45.0%) 13.08 <3.0x10 8.14 
DRw8 11(36.7%) 13(16.3%) 5.82 NS 3.07 





DRS and DRw8 were determined using 11 and 5 sera, respectively, 
from the 8th International Histocompatibility Workshop'*, Pe: P 
multiplied by the number of HLA-DR antigens studied. RR, relative 
risk. 


fundamental roles in immune regulation'®. The immuno- 
regulatory function of idiotypes was revealed in deliberate 
immunization experiments’. It was therefore assumed that two 
genes, HLA-linked and Gm-linked, would govern the specific 
immune response to certain antigen(s) relevant to the 
development of Graves’ disease. The elucidation of the 
antigen(s), and environmental factors involved in the patho- 
genesis of Graves’ disease will, in turn, help to clarify the 
immunogenetic factors controlling the susceptibility to Graves’ 
disease. 

This is the first description of a strong association between a 
human disease and not only HLA but also immunoglobulin 
allotype in a familial analysis. 

This study was supported by Grant-in-Aid for Scientific 
Research 548156 (1980) and for Developmental Scientific 
Research 487081 (1980) from the Ministry of Education, Japan, 
and Research Grant (1980) from the Intractable Disease 
Division, Public Health Bureau, the Ministry of Health and 
Welfare, Japan. 
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Dental caries affects the majority of people in developed coun- 
tries but about 3% of them seem to be resistant. An immuno- 
logical basis for this resistance has been suggested by the findings 
that relatively caries-free subjects have increased serum anti- 
body titres’ and that their T lymphocytes have a greater poten- 
tial to proliferate on stimulation with streptococcal antigens’. 
Helper cells or their factors’ are required for formation of 
antibody to the streptococcal antigen*. In this study specific 
helper factor activity was released by 1-10 ng of the purified 
streptococcal antigen I/II (SATII) from lymphocytes of caries- 
resistant subjects, compared with 1,000 ng of SAI/II required to 
release similar helper factor activity from lymphocytes of caries- 
prone subjects. The low-dose helper activity of lymphocytes was 
associated predominantly with the HLA-DRw6,1,2,3 cross- 
reactive groups, whereas the high-dose helper activity was 
associated with the HLA-DR4-related gene product. 

The most important microorganism to be identified as a 
causative agent of dental caries is Streptococcus mutans?. A 
purified protein antigen (SAI/II) isolated from this organism®”’ 
induced protection against caries on immunization of rhesus 
monkeys". SAI/II stimulates monkey peripheral blood 
lymphocytes to generate T helper cells after in vitro incubation 
for 4 days in a modified Marbrook—Diener system*. Further 
incubation of the helper ceils with an optimum dose of SAI/II 
for 24h releases antigen-specific helper factor (HF) which sti- 
mulates a cooperative antibody response by normal mouse 
spleen cells to dinitrophenylated SAI/II (DNP-SAI/II). We 
have now modified this entirely in vitro method of generating 
both helper cells and factors, by assuming that in vive natural 
immunization in man and artificial immunization in rhesus 
monkeys should lead to generation of helper cells. We have then 
used 1-10,000 ng of SAI/TI to stimulate the relase of HF from 
the putative helper cells. 

We selected a populatien of 24 young subjects (mean age 
23 yr), 12 of whom showed a low DMFS index (decayed, 
missing, filled tooth surfaces) of 0-3 (mean s.e., 1.04+0.4), and 
the remaining 12 showing a high DMFS index of 5~35 (18.8+ 
3.0). Lymphocytes from the caries-resistant subjects released 
HF on addition of 1-10 ng SATII, whereas lymphocytes from 
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Fig. 1 The effect of dose of streptococcal antigen I/I (SATII) on 
the T-cell helper function in caries-resistant and caries-prone 
subjects. Human peripheral blood lymphocytes were separated by 
Ficoll-Isopaque density gradient’ . 5x 10° viable cells per ml were 
cultured with 1, 10, 100, 1,000 and 10,000 ng of SAI/II®” or 
keyhole limpet haemocyanin (KLH) for 24 h in Marbrook flasks’. 
The cell-free supernatant (HF) was collected, Millipore filtered and 
1 ul of the HF was assayed in Marbrook—Diener culture flasks with 
10’ unprimed B10.BR spleen, cells and 0.1 gmi”! DNP- 
haptenated SAI/II or TNP-KLHŻ. The anti-DNP antibody- form- 
ing cells (AFC) were assayed on day 4 in triplicate using the 
modified Cunningham assay'’. The results are expressed as the 
number of AFC per culture +s.e. m. and are given for the low 
DMFS (decayed, missing and filled surfaces; n = 12) and high 
DMFS group (n = 12) on the left, and DRw6,1,2,3 (n = 14) and 
DR4 group (n =10) on the right. Lymphocytes responding to 
1-10 ng SAT/H (DMFS 1.0+0.4; HLA-DRw6,1,2,3) are shaded 
and those responding to 1,000 ng SAI/II (DMFS 18.8 + 3.0; HLA- 
DR4) are stippled. 


caries-prone subjects required 1,000 ng SAI/H for a similar 
release of HF, assessed by the antibody-forming cell assay (Fig. 
1). Indeed, 11/12 (92%) of the caries-resistant, compared with 
3/12 (25%) caries-prone subjects, released a significant amount 
of HF from lymphocytes stimulated with 1-10 5 SAI/H (P = 
0.0027 by Fisher exact test), In contrast, 8/12 (68%) of the 
caries-prone subjects and 0/12 caries-resistant subjects 
released a significant amount of HF from lymphocytes stimu- 
lated with 1,000 ng SAT/TI (P = 0.0013). Significant HF was 
taken as the mean +3 s.d. (79) antibody-forming cells resulting 
from the HF activity released by lymphocytes in the absence of 
SAI/TI in 24 subjects. 

The striking difference in the dose response to the SA 
between the disease-resistant and prone subjects was then 
analysed in relation to the HLA-A,B,C and DRiw) antigens’. 
There were no obvious differences with the HLA-A,B and C 
antigens but a significant relationship was observed with the 
HLA-DR antigens (Fig. 1). Stimulation of lymphocytes with 
1-10 ng.SAI/II released significant amounts of HF activity in 
7/9 subjects with DRw6, as compared with 1/10 with DR4 
(P = 0.0097). Furthermore, a smaller group of five DR1,2,3- 
typed lymphocytes also showed a significantly greater number of 
lymphocytes responding to the lower dose of SAI/II than the 
DR4-typed lymphocytes (P = 0.0039). It seems, therefore, that 
the cross-reacting DRw6,1,2,3 antigens’? are associated wih 
helper cells responding to low doses of SAI/II (12/14) whereas 
the DR4 antigens are not (1/10; P=0.00074). However, 
lymphocytes with DR4 responded to 1,000 ng SAIH in 6/10 
(60%) subjects, compared with 3/14 (14%) subjects with 
lymphocytes bearing DRw6,1,2,3 antigens (P = 0.0566). Note 
that DR4 seems to be functionally dominant, because in all 10 
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Table 1 Reproducibility of the dose responses of antibody-forming cells of lymphocytes 





No. of times 
Subject DRw tested 0 i 
1 6 4 21.8 (2.8) 127.2 (7.2) 
2 6 3 15.3 (2.9) 84.7 (30.4) 
3 4 5 22 (3.3) 34 (5.6) 
4 4 3 15.3 (2.9) 15 (4) 


ng of streptococcal antigen I/H 


10 100 1,000 10,000 
15.8 (5.6) 31.3 (14.4) 16.8 (7.4) 17.5 (3.9) 
93 (15.1) 14.3 (9.8) 15.7 8.7} 12.3 (4.7) 
40 (20) 34.3 (1.3) 136.5 (12.6) 47.7 (3.9) 
45 (15) 43 (12) 133.3 (20.3) 60 (21.6) 


Results are the mean (+s.e.) of antibody-forming cells (AFC). The AFC of human peripheral blood lymphocytes. were determined to five 
concentrations of streptococcal antigen I/II, as described in Fig. 1 legend. This was performed on three, four or five occasions on lymphocytes from 


the same foir donors. 


subjects in whom DR4 was associated with DRw6,1,2,3 the 
lymphocytes responded to the high dose of SAI/II. The 
reproducibility of the effect of increasing doses of SAI/II on 
lymphocytes was tested on three to five different occasions in 
four subjects (Table 1). The maximum number of antibody- 
forming cells resulted from 1-10 ng SA for DRw6 or 1,000 ng 
for DR4 on each of the 15 occasions tested; the variations 
between different tests in the same subjects were small, as shown 
by the standard errors of the means. 

A parallel study of HF activity of in vivo immunized, caries- 
resistant monkeys with SAI/II revealed that lymphocytes from 
these monkeys responded to 1-10 ng of SAI/II but not to 
keyhole limpet haemocyanin (KLH; Fig. 2). However, caries- 
prone monkeys which were not immunized showed no response 
to any of the antigen concentrations. The results of naturally 
acquired immunity in man and artificially acquired immunity in 
monkeys suggests that protection against dental caries in both 
primates is associated with T helper cells capable of responding 
to 1-10 ng SAI/II; this might be controlled in man by the 
cross-reactive DRw6,1,2,3 gene products. However, the caries- 
prone subjects have T cells which require a 1,000 times higher 
dose of SAI/II to respond with a HF activity comparable to cells 
of the caries-resistant subjects, and DR4 may be one of the gene 
products controlling this response. As such a high dose is 
unlikely to be reached in biological conditions, the end result 
might be similar to that found in monkeys which failed to 
respond to any of the antigen doses. 

The specificity of the HF to DNP-SAI/TI and characterization 
of HF have been described for rhesus monkeys elsewhere*"’. 
Corresponding specificity studies have been carried out on 
human lymphocytes. Culturing human or monkey lymphocytes 
with 1~-10,000 ng KLH and using trinitrophenyl (TNP)-KLH in 
the cooperative culture had no effect on the number of antibody- 
forming cells (Figs 1, 2). To exclude further the possibility that 
the SAI/II might stimulate a nonspecific helper factor, the factor 
was added to the cooperative culture with TNP-KLH. This had 
no effect on the number of antibody-forming cells (22.5+7.4, 
n = 4), as compared with the same four factors added to the 
cooperative culture with DNP-SAI/II, which increased the 
antibody-forming cells to 115.0 (+2.2), 

Immunoadsorption of HF on Sepharose 4 beads coated with 
SAI/II bound the HF activity but did not do so when the beads 
were coated with KLH (in preparation). Furthermore, as with 
monkey HF", human HF was bound by antisera to anti-HF, but 
not anti-suppressor factor antisera. The factor also had DR 
region-encoded determinants, as insolubilized monoclonal anti- 
DR framework antibody (DA2) bound HF. Moreover, a 
monoclonal antiserum to DRw6,1,2 (Genox 353) absorbed out 
all the helper activity of DRw6 lymphocytes, without any effect 
on the helper activity from DR4 lymphocytes (in preparation). 
The factor binds IgM but not IgG or IgA antisera, as has been 
found in mouse and monkey helper factors''~'*, The significance 
of IgM has not been adequately explained, but it has been 
interpreted as a cross-reaction with some region of the u chain. 
It seems, therefore, that HF prepared from human lymphocytes 
has, in addition to an antigen-binding site, a ‘constant’ region 
and determinants encoded by the HLA-D region, as has been 
found in HF prepared from mouse lymphocytes". 


The finding that T helper cells respond to either low or high 
doses of antigen in man has no direct parallel in animal experi- 
ments. T-cell involvement has been observed in low responder 
mice, for in addition to the decreased antibody formation there 
is a decrease in delayed hypersensitivity and in vitro T-cell 
proliferative response’. Furthermore, immunization with an 
antigen under Jr gene control showed that in high responder 
mice the number of antigen-specific T cells increases, whereas 
no change occurs in the low responders'®. The association of 
low-dose T helper cell responses in man with the DRw6,1,2,3 
cross-reactive antigens and high-dose helper responses with 
DR4-related antigen might be an expression of . gene control, 
However, in vitro secondary responses to KLH revealed that 
human T-cell monocyte interactions are governed by HLA-D 
region antigens’’. It is therefore possible that the functional 
high- and low-dose responses to SAI/I which are associated 
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Fig. 2 The effect of streptococcal antigen 1/1] (SAMID T-cell 
helper function in immunized and control monkeys. Rhesus 
monkey peripheral blood lymphocytes were separated and 
cultured with 1, 10, 100, 1,000 and 10,000 ngof SAT/ Tor KLH. 
HF was prepared and the AFC were assayed and expressed as 
described for human lymphocytes in Fig. 1 legend. The results are 
given for six monkeys immunized with SAI/H and with a caries 
score of 3.5 (+1.5) and six nonimmunized monkeys with a score of 
11.8 (£3.9), Lymphocytes responding to 7-i0ng. of SATIN 
(DMFS of 3.5) are shaded and there are no lymphocytes respond- 
ing to 1,000 ng of SAI/Il among the control monkeys. 
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with the HLA-D region may be related to monocyte antigen- 
binding cells and not necessarily to T cells. This possibility will 
be examined, although preliminary results with radiolabelled 
SAI/T suggest that selective binding of small doses of SA to 
HLA-DRw6,1,2,3 cells and high doses to HLA-DR4 cells are 
related to T cells. Whichever set of cells is involved, it seems that 
the aims of immunization should be to induce with very small 
doses of protein antigen T helper cells which cooperate with B 
cells in the formation of high-avidity antibodies, required in 
protection against the microorganisms. 

We thank Dr M. Crumpton for antisera and Miss Janet Avery 
for technical assistance. This investigation was carried out under 
a MRC project grant. 
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Monoclonal antibodies’ are powerful tools for identifying anti- 
genic molecules because they recognize a single antigenic site. In 
contrast, conventional immane sera contain mixtures of anti- 
body molecules with a large variety of specificities. Some of 
these specificities may be cross-reactive with antigenic sites 
present on unrelated molecules, thus tending to decrease the 
overall recognition specificity. Such a cross-reactivity should be 
observed with some monoclonal antibodies, in which it might be 
expected to be both strong and specific (that is, directed against a 
restricted number of targets’). We report here such a cross- 
reactivity in a monoclonal antibody that recognizes equally well 
both Thy-1 (ref. 3) and a component of intermediate filaments, 
probably vimentin**. 

The hybridoma producing the monoclonal antibody in ques- 
tion was isolated by Lake and Clark®. This antibody is an 
anti-Thy-1.1 mouse IgM designated T11A9e, which binds to 
Thy-1 at the surfaces of various cells, for example, the fusiform 
derivatives of the mammary cells RAMA7*and RANI? or the 
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Fig. 1 Immunofluorescence of T11A9e serum with F2408 cells. 
a, A glass cover slip on which cells had grown was washed in 
phosphate-buffered saline (PBS) containing 0.01% Na azide and 
was then covered with antiserum diluted 1/50 in the PBS~azide 
saline. After 30 min, it was washed three times with PBS—azide, 
then overlayered with a 1/50 solution of fluorescein-labelled goat 
anti-mouse immunoglobulin (Antibodies, Inc.) for 30 min, washed 
again three times and mounted. Similar staining, of slightly reduced 
intensity, was obtained if the cells were fixed in 3% formaldehyde 
for 20 min. b, The cover slip was fixed in 3% formaldehyde for 
20 min, rinsed in PBS-azide containing 0.01% thymerosal, dipped 
in cold methanol and then acetone (30 s each), hydrated in PBS~ 
azide and then stained as in a, except that the three washings after 
each antibody application were for 10 min, 2 h and 10 min. Similar 
results were obtained if formaldehyde fixation was omitted. The 
disappearance of the Thy-1 surface dots was observed for all 
antisera. Photographed using a Zeiss microscope with epi-illu- 
mination. a, x 1,300; b, x900. 


F2408 rat fibroblasts” (Fig. 1a). In the present experiments, the 
antibody used was either in the form of serum obtained from 
mice in which the T11A9e hybridoma had given rise to a tumour 
after subcutaneous injection, ascitic fluid after intraperitoneal 
cell injection, or supernatant of the hybridoma cultures. The 
IgM in the supernatant was partially purified and concentrated 
about 30 times by retention on an Amicon XM300 filter, 
followed by sizing in a Biogel ASM column. All these pre- 
parations had identical specificities. 





Fig. 2 Immunofluorescence of F2408 cells treated with col- 

chicine. Cover-slip cultures were grown for 18 h in the presence of 

colchicine, 20 pgm’, then stained with T11A9e serum as 
described for Fig. 1b. x 700. 
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Immunofivorescence experiments showed that T11A9e 
stains, in addition to surface Thy-1 in unfixed cells, a system of 
filaments in methanol-acetone-treated cells. Stained filaments 
were seen in the fusiform but not in the epithelial derivatives of 
mammary cells, and in the F2408 fibroblasts (Fig. 1b). They 
were also stained in cells that do not contain a Thy-1.1 antigen 
on their surfaces, such as BALB/c macrophages or BALB/c 
3T3 fibroblasts, which have Thy-1.2. In all cells the pattern 
resembled that of intermediate filaments stained by antibodies 
to vimentin. In fact, in double immunofluorescence experi- 
ments, an identical network was stained in F2408 cells using 
either T11A9e or a rabbit antiserum to vimentin (Fig. 2). In cells 
pretreated with colchicine (20 pg ml°') for 12h, the filaments 
stained by T11A9e showed the behaviour reported for inter- 
mediate filaments’ (Fig. 3). To exclude the possibility that the 
ability to stain these filaments was due to an accidental 
contamination of the hybridoma culture with hybridoma cells 
producing a different antibody, the T11A9e hybridoma was 
recloned. This recloned hybridoma produced an antibody with 
the same properties. 

To determine whether the same antibody molecules stained 
Thy-1 and intermediate filaments, a T11A9e antiserum was 
absorbed with cells of two Thy-1.1-positive thymoma cell 
culture lines, or their Thy-1 negative derivatives''. The ability to 
stain the filaments was absorbed by the Thy-1-positive cells but 
not by their negative variants; it was not absorbed by Thy-1.2 
cells, whether positive or negative for Thy-1 (Fig. 4). 

To test whether T11A9e antibody recognizes intermediate 
filaments through its Fe segment, the T11A9e antibody was 
preincubated for 30 min at room temperature with various 
concentrations of Thy- 1.1 purified from rat brain (provided by I. 
Trowbridge). The mixture was then used to stain either Thy-1 at 
the surface of unfixed F2408 cells, or intermediate filaments in 
acetone-treated F2408 cells. Thy-1 at a concentration of 
30 pg ml-' completely inhibited both types of staining. The 
Thy-1 concentrations at which the proportion of surface-stained 
cells or the intensity of filament staining (as judged from visual 
observation) was reduced to 50% were similar, ~ 1 pg mit, 
Therefore both target molecules are recognized by the same 
antibody site. 

In addition to T11A9e, two out of 13 monoclonal anti-Thy-1 
antibodies also stain intermediate filaments; these are T12G1 1c 





Fig. 3 Double immunofluorescence of F2408 cells with T11A9e 
and anti-vimentin serum. Immunofluorescence was carried out as 
described for Fig. 1b. a, The first antibody was a rabbit anti- 
vimentin serum and the second antibody was rhodamine-con- 
jugated goat anti-rabbit immunoglobulin. b, The first antibody was 
T11A9%e serum and the second, fluorescein-conjugated goat anti- 
mouse immunoglobulin. Photographs were taken using the 
appropriate filters for detection of fluorescence by rhodamine (a) 
or fluorescein (b). x 1,400. 





Fig. 4 Absorption of T11A9e serum with Thy-1-positive cells 
and their negative mutants. 100 wl of serum diluted 1/100 in PBS 
were absorbed in each case with 5x 10°-5 x 10” cells of various 
mouse thymoma lines? (provided by R. Hyman}. After 1 h at room 
temperature with frequent shaking the mixtures were centrifuged 
at 2,000 r.p.m. for 10 min. The supernatants were used in 
immunofluorescence experiments with F2408 cells as described for 
Fig. 1b. Absorbing cells: a, BW5147.3 - Thy-1.17; b, BW 
5147.3: Thy-1.17e; c, BWS147-Thy-1.17; d, BW 5147- Thy- 
1.17a; e, 549. Thy 1.2%; f, 849: Thy 1.2°a. The fields were 
photographed and printed using identical exposures. «800, 


(IgM) and T32B11e (IgG) (both from P. Lake and E. Clark). 
The others give only a faint uniform fluorescence, probably due 
to surface Thy-1. Of the positive antibodies, TI2G1ic may be 
from the same lymphocyte clone as T11A9e, but T32B ile is 
likely to be different. Two conventional anti-Thy-1 rabbit 
antisera, obtained using purified Thy-1 from rat brain or from 
mouse thymocytes, did not stain the filaments. 

To identify the protein to which the T11A9e antibody binds in 
the intermediate filaments, cytoskeleton proteins of P2408 cells 
were isolated as previously described’, labelled with I then 
immunoprecipitated with T11A9e antiserum, using a second 
antibody. Separation by polyacrylamide gel electrophoresis and 
autoradiography did not reveal any band of precipitated 
material. This antibody also fails to precipitate surface Thy-1. 
These failures may reflect a low affinity of the antibody. In spite 
of the lack of immunoprecipitation it is likely that TI1AQe 
antibodies bind to vimentin because the T11A9e 
immunofluorescence of intermediate filaments is suppressed by 
anti-vimentin antiserum. 

Because serum from mice inoculated with another isolate of 
the same hybridoma (T11A9a, no longer available) had a strong 
in vitro anti-doming effect on mammary cells”, we examined the 
possible relationship of this effect with our results. We found 
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that the anti-doming effect was not removed by absorption to 
Thy-1.1-positive cells and was therefore unrelated. 

We do not know whether the cross-reactivity we have obser- 
ved is due to the proteins or possibly to some common carbo- 
hydrate. If the former is correct, it might reveal either a 
relatedness of the two proteins or a chance similarity of antigenic 
sites. In the latter case, our observation would be an example of 
the cross-reactivity of monoclonal antibodies predictable on 
theoretical grounds”. The frequency of cross-reacting antibodies 
is unknown. When mice and rats were immunized with Thy-1, 
antibodies showing the cross-reaction we described occurred in 
3 out of 13 monoclonal antibodies examined, but may not 
represent the true proportion because two of the antibodies may 
have a common origin. No general statement about the 
frequency of cross-reactivities can be made on the basis of these 
results or of past experience with immune sera. This remains to 
be established in further experiments using monoclonal anti- 
bodies. 
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The semisynthesis of deshexapeptide insulin (DHI) from 
desoctapeptide insulin (DO!) reported earlier' showed that 
DHI was biologically active. However, the product was not quite 
homogeneous, mainly due to the esterification side reaction and 
the following saponification’. Recently, the catalytic action of 
trypsin was successfully used in the preparation of human insulin 
from porcine insulin”. It was also used in the preparation of 
insulin analogues with substitutions of B24 or B25 phenyl- 
alanine by leucine**. Here, we report the synthesis of DHI from 
DOI and glycylphenylalanine through the catalytic action of 
trypsin. The product, purified by gel filtration and DEAE- 
Sephadex ion-exchange chromatography, showed insulin 
activity of 7.5 IU mg”! in vivo and could be obtained in crystal- 
line form. 
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Fig. 1 Isolation of DHIOBu' from DOI by ion-exchange 
chromatography on a DEAE-Sephadex A-25 column (1 x 25 cm). 
50 mg of sample were applied to the column, eluted using 50 ml of 
the initial 0.05 M Tris buffer, pH 7.6, with 40% isopropanol and 
then eluted through a salt gradient (from 200 ml of initial buffer 
containing 0.15M NaCl to 200 ml of initial buffer alone). The 
eluent was collected in ~4-ml fractions. Active fractions were 
pooled, desalted by dialysis and lyophilized. The main peak is 
DHIOBu' and the last peak, DOI. 


The conditions for the enzymatic synthesis of DHI were dif- 
ferent in certain aspects from those reported by Inouye et all. 
The alkali-labile methylsulphonylethoxycarbonyl group (Msc) 
was used‘ instead of the t-butyloxycarbonyl group (Boc). The 
t-butyl ester (OBu') was not affected by the removal of Msc“, 
and DHIOBu’ had one less negative charge than DOI; thus, 
they could be easily separated from each other by ion-exchange 
chromatography. 

120 mg of (Msc),DOI and Gly-Phe-OBu' in excess (molar 
ratio = 1:60) were suspended in 0.16 ml of dimethyl sulphoxide 
(DMSO) and 1.08 ml of dimethylformamide (DMEF) were added 
to ensure complete solubility. The solution was warmed to 37 °C 
and 0.96 ml 0.5 M Tris buffer, pH 8, added dropwise and the pH 
maintained at 7.8-8.0 by continual addition of triethylamine. 
Crystalline ovine trypsin was added and the solution incubated 
at 37°C for 20 h. The total amount of enzyme used (12 mg) was 
added in three portions: at the start and after 2 and 6h of 
incubation. At the end of the incubation, 40 ml of water were 
added and the pH adjusted to 4.2 using 1 M HCI. After cooling, 
the precipitate was collected by centrifugation, washed in water 
(pH 4.2) and lyophilized; 95.5 mg of dry powder were obtained. 
This powder was suspended in 4.78 ml of a solvent mixture, 
dioxane~methanol-water (3:0.5:3.5) and dissolved by adding a 
small amount of 2 M NaOH. The solution was cooled to 0°C 
and 2 M NaOH at 0°C added until the total amount was 
0.68 ml. The deblocking reaction was carried out at 0°C for 
2 min and immediately stopped by the addition of acetic acid. 
The solution was then applied to a Sephadex G-50 column and 
eluted with 1 M acetic acid to remove high-molecular weight 
polymers. DHIOBu' and DOI were separated by DEAE- 
Sephadex chromatography (see Fig. 1). The purified DHIOBu' 





Fig. 2 Polyacrylamide gel electrophoresis of, from left to right: 
crude DHIOBuw’, purified DHIOBv’, purified DHI, DOI and crude 
DHIOBu ; the lower end is the anode. 
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was treated with trifluoroacetic acid (TFA, 2.5 mg ml‘) at 0°C 
for 1h. TFA was then removed by evacuation and the residue 
washed twice with ethyl acetate. 10 mg of the product were 
further purified by DEAE-Sephadex A-25 chromatography to 
remove any unreacted DHIOBu' and 7 mg of purified DHI were 
obtained. The purified DHI was dissolved in 0.01 M HCI 
(1.5 mg ml”) and dialysed against citrate buffer containing 25% 
acetone (2% citric acid, 50 ml; 6.5% zinc acetate, 1 ml; acetone, 
25 ml; adjusted to pH 5.7-5.8 with NaOH and diluted to 
100 ml). DHI crystals appeared after standing overnight. 

The biological activity of purified DHI was determined in a 
mouse convulsion assay (according to British Pharmacopoeia) as 
7.5 IU mg”. DHIOBw’ also possessed insulin activity, thus it 
was easily detected and collected by DEAE-Sephadex chroma- 
tography. However, its activity is about four times lower than 
that of DHI. The activity of DOI is less than 1% compared with 
insulin. 

After DEAE-Sephadex chromatography (Fig. 1), the 
DHIOBu' peak yielded 29.8 mg and the DOI peak, 4.9 mg; a 
ratio of 86: 14. Polyacrylamide gel electrophoresis’ showed that 


20 


% Insulin activity 
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Fig.3 The optimum pH for the enzymatic synthesis of DHI from 
(Boc), DOI and Gly-Phe-OBu'. 


most of the DOI was converted into DHIOBu' (Fig. 2). DOI 
moved faster towards the anode than DHIOBu'. When OBu' 
was removed, DHI occupied the same position as that of DOI. 
Purified DHI gave one major band after electrophoresis. Its 
amino acid composition was determined as: His, 2.4 (2); Arg, 
0.9 (1); Asx, 3.0 (3); Glx, 6.3 (7); Thr, 1.1 (1); Ser, 2.7 (3); Gly, 
3.8 (4); Ala, 1.1 (1); Val, 3.4 (4); Ile, 1.7 (2); Leu, 5.1 (6); Tyr, 
2.6 (3); Phe, 1.9 (2) (Cys), not determined. 

In enzymatic synthesis, co-solvent must be used—we used 
Tris buffer containing 50-60% DMF with a small amount of 
DMSO to increase the solubility. In tryptic hydrolysis, the 
optimal pH was found to be around 8 (Fig. 3). Inouye et al.’ used 
apH of 6.5 for their synthesis. We have compared the enzymatic 
synthesis of DHI from (Boc),DOI and Gly-Phe-OBu' in solu- 
tions of different pH, and found that the optimum pH was 8. The 
yield of the enzymatic reaction of (Msc),DOI and Gly-Phe- 
OBu' was 74%, calculated from the amount of DHIOBu' and 
DOI obtained by DEAE-Sephadex chromatography and the 
small portion of DOI polymers in gel filtration. This result could 
be attributed to several factors: (1) An increase in the equili- 
brium constant of synthesis due to the presence of co-solvent, 
which decreases the equilibrium constant of proton transfer 
from the carboxyl to the amino group of the reactants, as 
reported by Homandberg et al.*. (2) The high concentration of 
reactants and the large excess of Gly-Phe-OBu' drive the reac- 
tion towards synthesis according to the law of mass action. 
(3) The pH (8) was optimal for the catalytic action of trypsin. 
(4) Both reactants are very soluble at this pH. 
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Interferons are being tested as antiviral and antitamour agents 
in man’~’, but because of their limited availability, clinical trials 
have remained inconclusive. Most of the interferon (IFN) pre- 
parations tested in man have been derived from human 
peripheral blood, buffy-coat leukocytes (HulFN-a)* induced by 
Sendai virus or from human diploid fibroblastoid cells (HulFN- 
B) superinduced with poly(rl)-poly(rC)’. As production of 
interferon from leukocytes is restricted by the availability of 
blood donors, and production from cultured cells is a laborious 
and relatively costly process, the use of recombinant DNA 
technology may provide the most economical approach to the 
large-scale production of pure species of human interferon. The 
testing of such interferons is in its infancy. With the availability 
of bacterially produced HulIFN-a, we have been able to 
compare its activity against vaccinia virus infection of the rhesus 
monkey with that of HulFN-a from leukecyte buffy coats. Here 
we provide evidence that the two human q-interferons have 
comparable antiviral activity but that the bacterially produced 
form has fewer side effects, at least in the rhesus monkey. 
There have been reports of the isolation of cDNAs encoding 
different HuIFN-a species, and of the production of poly- 
peptides with the antigenic and biological properties in vitro of 
interferon from Escherichia coli harbouring appropriate hybrid 
plasmids*"'°. An important question is whether interferons 
produced by E. coli have the same efficacy in vivo as natural 
interferons. The polypeptides produced in E.coli may differ 
from those produced in leukocytes due to postsynthetic 
modifications such as proteolytic cleavage, acylation or gly- 
cosylation. Recent evidence suggests that, contrary to previous 
indications, most if not all HuIFN-a species from leukocytes or 
lymphoblastoid cells are not glycosylated", therefore, at least in 
this regard, we expect interferons made in E.coli to be no 
different. In addition, HuIFN~a from buffy coats is a mixture of 
several distinct species’''? which are encoded by different 
genes'*. The different IFN-o species differ substantially in their 
amino acid sequences (refs 10, 14, 15 and K. Henco, J. Fujisawa 
and J. Schmid, unpublished results) and in some of their bio- 
logical activities, determined in vitre’*. In view of these con- 
siderations, the effect in vivo of a single species of a-interferon 
produced in E.coli may differ from that of a preparation of 
natural a-interferon. One report has described the protection of 
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squirrel monkeys against a lethal dose of encephalomyocarditis 
by both natural HuIFN-a and a HulFN-a from E., coli +°; in this 
experiment only one very high dosage of the interferons was 
tested, thus no conclusions could be drawn regarding their 
relative effectiveness. 

There have been reports of rhesus monkeys infected 
intradermally with vaccinia virus to test the antiviral activity of 
human interferon’*'*. The parameters influencing the activities 
of human interferon in vivo were extensively tested in this model 
system. The pharmacokinetics and the sensitivity of the rhesus 
monkey to the antiviral activity and side effects of human 
interferons were similar to those of man. Suboptimal doses of 
interferon can also be tested in this model. 

We have compared the antiviral effects of different doses of 
HulIFN-a from buffy coats with HulFN-a from E. coli in our 
rhesus monkey vaccinia model and studied the possible side 
effects of these products. The natural HuIFN-a, prepared as 
previously described“, had a specific activity of 10°? U per mg. 
HulIFN-qa, was expressed in E. coli from an IFN-a, cDNA from 
which the signal sequence'* had been removed and replaced by a 
methionine codon (M. Mishina, W. Boll and A. Hall, unpub- 
lished results). Purification of interferon from E. coli extracts 
involved acid precipitation, chromatography on agarose-linked 
Cibacrone blue and reversed-phase HPLC; the final product 
had a specific activity of 10’° U per mg protein and showed a 
single major interferon band and one minor band on SDS- 
polyacrylamide gel electrophoresis. 

Three doses of each interferon (50,000, 150,000 and 
500,000 U per kg body weight) were administered to groups of 
three monkeys each, by daily intramuscular injections, starting 
the day before challenge with vaccinia and continuing for 7 days 
after challenge. Three hours after the second interferon treat- 
ment the levels of circulating interferon were similar for both 
types, at all dosage levels (Table 1). All three dosages of natural 
and bacterial interferon had significant antiviral activity and the 
degree of protection was dose dependent (Table 1). The highest 
doses used completely abolished vaccinia-specific lesions. The in 
vivo antiviral activities of the two preparations were similar to 
their activities in vitro. The side effects of the two interferons, 
however, differed significantly (Table 2). Natural a-interferon 
from buffy coats, at a dose of 500,000 U per kg, caused leuko- 
penia and fever, whereas the interferon from E. coli did not. 
Liver and kidney function tests showed no adverse effects of 
either type of interferon. Subsequently, doses of 10’ U E. coli 





Table 1 Comparison of the efficacy of natural HulFN-a (buffy coat) and HulFN- 
a, (E. coli) in vaccinia-infected rhesus monkeys 





Dose Circulating interferon Lesion score (day 7) 
(U per kg HulFN-a HalFN-a, HulFN-a@ HulFN-a, 
body weight) (buffy coat) (&. coli) (buffy coat) (E. coli) 
500,000 480 (+0) 380 (£92) 0.7* (40.8) 1.2% (£1.0) 
150,000 80 (£35) 120 (+43) 1.5* (40.5) 1.5* (£0.5) 
$0,000 40 (417) 73 (#42) 2.2* (40.8) 2.4* (1.2) 
4.0 (0.0) 


Untreated contrals <20 








Rhesus monkeys (Macaca mulatta; bred at the Primate Centre, The Nether- 
lands) weighing 1.5-2 kg were used. Natural HulFN-a was induced in buffy coats 
using Sendai virus and purified to the stage PIF-1 (see ref. 6); the specific activity 
was 10°° U per mg protein. HulFN-c, (E. coli) was prepared from E. coli trans- 
formed by the plasmid Z-pBR(A Amp) /IFN-a,(A sig)-M2lb (M. Mishina, W. Boll 
and A. Hall, unpublished results) and had a specific activity of 107° U per mg 
protein. The monkeys were injected intramuscularly with the doses indicated from 
day ~1 until day +7. Each treated group consisted of three monkeys. Four 
untreated monkeys served as controls. On day 0, the animals were sedated with 
ketamine hydrochloride, blood was taken and all monkeys were vaccinated with 
vaccinia virus (Elstree strain, 10° plaque-forming units per ml) using a Sterneedle 
device. At day +7, the skin lesions were scored according to an arbitrary scale'* 
from 0 to 4 based on the appearance of papules and pustules, and severity, Results 
are the mean +s.d. Interferon activity was assayed using cytopathic inhibition 
effect test on WISH cells. 

* Significant protection at the P <0.01 level when compared with untreated 
controls in the Mann-Whitney U-test. A score of 0.5-1.0 is equivalent to the 
response found after injection of 0.9% NaCl (refs 16, 17). 





Table 2 Comparison of the side effects of HuIFN-« (buffy coat) and HulFN-a, 
(E. cali) 





Leukocyte count (x 10°11) Temperature °C 


Day 0, 3h (Day 0, 3h 
Day -2 after interferon after interferon) 

Natural HulFN-a@ (buffy 

coat) (500,000 U per kg 

body weight) 14.1 (+3.6) 7.2* (41.3) 38.14 (+1,5) 
Bacterial HulFN-a, 

(500,000 U per kg body 

weight) 12.6 (+2.7) 15.0 (£3.1) 36.3 (+0.6) 
Untreated controls 15,7 (£4.8) 14.0 (44.1) 36.7 (+0,4) 





For experimental details see Table 1 legend. On day ~2 and day 0 (3 h after 
interferon administration), the animals were sedated using ketamine hydro- 
chloride and blood was taken for routine blood chemistry and haematology. At day 
0, the body temperature was measured rectally and the monkeys were vaccinated 
(see Table 1 legend). Values are mean leukocyte counts and temperature +s.d. 

* Significant reduction (P <0.05) when compared with day ~2 in the Mann- 
Whitney U-test. 

f Significant temperature rise at a P =0.053 level when compared with 
untreated controls and P <0.05 when compared with the animals treated with 
HulFN-a, (E. coli). 


IFNa, per kg were administered to three monkeys, again 
without giving rise to fever, leukopenia, anaphylactic reactions 
or other evidence of toxicity. The difference in toxic effects 
between the two interferon preparations when administered to 
rhesus monkeys could be due to the higher degree of purity of 
the bacterial product. However, recent work by Scott et al,” 
shows that even highly purified leukocyte interferon (NK2-IF), 
prepared using antibody affinity chromatography, shows the 
same toxic effect as the much less pure PIF preparation. Perhaps 
the toxic effects are due to one or more of the a-interferon 
species other than IFN-a, present in the preparation derived 
from buffy coats. Alternatively, as Genentech’s a-interferon 
(type A, which is equivalent to our a) purified from E. coli 
apparently still causes fever and leukopenia in humans (see 
Nature 291, 105-106; 1981), it could be that the rhesus monkey 
is not sensitive to the pyrogenic activity of pure a-interferon, 
and the response we found with the natural interferon was due to 
impurities in that preparation. 

Our study illustrates the use of the vaccinia-infected rhesus 
monkey as a model for comparing the effects of different inter- 
feron preparations. We show that an interferon species 
produced by recombinant DNA techniques has the same anti- 
viral efficacy in vivo as a natural interferon preparation. If the 
lack of side effects demonstrated in the rhesus monkey proves to 
be the same for humans, it may be possible to increase the 
dosage by one order of magnitude or more over that now used. 

We thank Dr Kari Cantell for his gift of buffy-coat HuIFN-a 
and Miss Ellen de Vreede and Mr Hilko D. Wiersema and his 
assistants for technical assistance. The work at the University of 
Ziirich was supported by the Kanton of Ziirich and by a grant 
from Biogen. 
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Despite the marked differences in their chemical structure, 
members of a heterogeneous group of pharmacological agents 
are thought specifically to block Ca** influx through calcium 
channels and thus mediate negative inotropic cardiac effects 
and vasodilatation. Electrophysiological studies of the myocar- 
dium have shown that the slow inward Ca”* current is blocked’, 
but the cellular mechanism of these agents in vascular smooth 
muscle is largely unknown. Felodipine [4-(2,3-dichlorophenyl)- 
1,4-dihydropyridine-2,6-dimethyl 3,5-dicarboxylic 3-ethyl- 
ester and 5-methylester)] is a new antihypertensive agent which 
seems specifically to dilate precapillary resistance vessels in 
vivo. It is a structural analogue of nifedipine’ and SKF 24260’, 
both of which have been classified as ‘calcium antagonists’, 
implying that their vascular as well as myocardial actions are due 
to a blockade of Ca?* influx. However, the findings reported 
here point rather to an interaction between felodipine and 
calcium-binding proteins such as calmodulin. 

The effects of felodipine were studied in the isolated rat portal 
vein. The smooth muscle of this vessel shows many similarities to 
that of the haemodynamically important small resistance 
vessels, including its pronounced dependence on extracellular 
[Ca] (refs 3~5). Figure 1a shows the spontaneous phasic 
electrical and mechanical activity of the rat portal vein in the 
absence of inhibitors, The addition of felodipine (30 nM) 
produced a gradual decrease of integrated electrical membrane 
discharge and reduced the amplitude and duration of the 
contractions (Fig. 1c, d), whereas tetrodotoxin, at a dose level 
capable of blocking sodium channels, did not affect this spon- 
taneous activity (Fig. 1b). 

Figure 2 shows the dose response of the portal vein to 
cumulative doses of CaCl, in a K*-rich solution. The presence of 
felodipine at low concentration (0.1 pM) in a Ca?*-free solution 
for 1 h markedly depressed the contractile responses when Ca?* 
was reintroduced (Fig. 2). 

Similar experiments investigated transmembrane Ca** influx 
in K*-depolarized muscle. The Ca’*-depleted portal veins were 
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Fig. 1 Effects of felodipine (30 nM) on extracellularly recorded electrical 
membrane discharge and contractile force of the spontaneously active 
smooth muscle of the rat portal vein. Vessel mounted for recording of 
activity in longitudinal media layer?°. Intermittent bursts of electrical 
membrane discharge and associated phasic contracting are seen in the 
control (a). Administration of tetrodotoxin (TTX, 1 pM; b) in a concen- 
tration which would abolish neurogenic vasoconstrictor responses*’, 
reflecting blockade of Na* channels, did not affect the activity. However, 
addition of felodipine (30 nM) led to a gradual inhibition of membrane 
discharge and of mechanical force illustrated 20 min (c) and 40 min (d) after 
administration. 
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Fig. 2 Effects of felodipine (0.1 pM) on isometric force development in 
response to graded concentrations of Ca?* in isolated rat portal vein lying in 
high-K* (128 mM) Tris-buffered Krebs solution. Ca?” added to solution 
after 1h incubation in nominally Ca?*-free Krebs (‘Control’) and after a 
subsequent 1h in Ca**-free solution containing the drug. All responses 
expressed as a percentage of the initial response to 2,5 mM Ca". Values 
obtained in the presence of felodipine were corrected for the decline 
observed in control experiments where no drug was added (mean Ests 
n = 8), Note the pronounced felodipine blockade of Ca** responses in the 
depolarized vascular smooth muscle, 


0.3 0.6 1.2 


‘pulse-labelled’® with **Ca?* in 1.2mM CaCl, for 2 min, 
sufficient time for a contracture to develop. The tissues were 
then washed in a Ca**-free lanthanum buffer for 1 h to displace 
extracellularly bound Ca?*. As Fig. 3 shows, the “°Ca** uptake 
was identical after 1h incubation with or without 1nM 
felodipine. However, after treatment with 2 mM LaCl, for 1 h, 
the cellular **Ca?* uptake was <10% of control (Fig. 3). In 
agreement with these results, Church and Zsoter’ were unable 
to detect any alteration in **Ca®* uptake on treatment with 
nifedipine, verapamil oy diltiazem in concentrations producing a 
clear-cut inhibition of smooth muscle activity. It thus seems that 
felodipine and some other calcium antagonists interfere with 
intracellular Ca?* utilization rather than with transmembrane 
Ca?* influx during activation. 

To explore possible interactions berween felodipine and 
myofibrillar proteins, '*C-felodipine was incubated for 1 h with 
a Ca?*-sensitive crude actomyosin preparation from porcine 
aorta; samples were then subjected to SDS-polyacrylamide gel 
electrophoresis. One gel was stained for protein with Coomassie 
brilliant blue and in the other the distribution of radioactivity 
was measured in 5-mm sections of the gel. Molecular weight 
(M,) estimations were made with standard proteins. Radioac- 
tivity was detected only at the dye front and in the 15,000- 
20,000 M, region. 

Calmodulin (M, 16,700) occurs in the cytoplasm and is bound 
to a membrane fraction’ and to other proteins’®; its interaction 
with a drug could therefore affect smooth muscle activity ™™, 
When "‘C-felodipine was incubated with calmodulin and sub- 
jected to electrophoresis, the radioactivity in the gel was found 
to coincide with the site of protein staining. 

On binding calcium, calmodulin is converted from an inactive 
to an active form which may influence various cellular proces- 
ses'*!5, possibly also membrane activation’®. Apparently, 
calmodulin can bind a maximum of 4 mol Ca?* per mol protein 
when assayed at high ionic strength’*’*. Potentiometric titration 
of smooth muscle calmodulin with CaCl, [in 20 mM imidazole 
buffer (pH 7.0, 22+1°C) with 100 mM KCI] resulted in an 
equivalence point corresponding to an uptake of 4 mol Ca** per 
mol protein, as determined using the Gran-plot technique”. 
However, in a concentration of 4 mol feiodipine per mol of 
protein, the binding was reduced to ~2 mel Ca”". 

In NMR studies, 'Cd has a spin J = 1/2 magnetic nucleus 
and the similarity of the ionic radii of Cd (0.0097 nm) and Ca** 
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(0.0099 nm) makes Cd** a good substitute for Ca?” in Ca?* 
binding protein’*. The addition of felodipine to (Cd),-calmodu- 
lin produced dramatic changes in the ''*Cd-NMR spectrum (Fig. 
4), which can be taken to indicate that the binding of felodipine 
to calmodulin causes the conformation of the latter to change in 
such a way that at least one of the Ca?*-binding sites is altered. 
This interaction is apparent at a molar ratio of felodipine to 
calmodulin of only 0.5 ; 1. The '\?Cd-NMR results obtained also 
show that 1~2 mol felodipine are bound per mol calmodulin with 
a binding constant of 10°-10° mol™'. 

Trifluoroperazine, which is known to interact with calmodulin 
did not inhibit smooth muscle in the rat portal vein (results not 
shown). Furthermore, their different '*Cd-NMR spectra’? 
indicate that the conformational change of calmodulin induced 
by trifluoroperazine is qualitatively different from that caused by 
felodipine. 

Overall, these results indicate that felodipine may exert its 
vasodilator effects by interacting with a Ca**-binding protein 
rather than by inhibiting Ca** influx. Church and Zsoter’ have 
recently shown that nifedipine and other so-called Ca’* 
antagonists do not impair transmembrane Ca** transport in 
either vascular or cardiac tissue. Furthermore, it is debatable 
whether Ca** antagonists do indeed act by selective inhibition of 
slow Ca?* channels in the myocardium’®. We suggest that 
felodipine and possibly other Ca** antagonists exert at least 
some of their effects by an action on calmodulin or other 
Ca?*-binding proteins. 

This work was supported in part by grant 3884 from the 
Swedish MRC. 
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Fig. 3 Effect of felodipine and lanthanum (La**) on *°Ca** influx in the rat 
portal vein, After an initial period of 1 h in Tris-buffered Krebs solution, the 
muscles were kept for 1h in a Ca**-free solution. The tissues were then 
transferred to a high-K* (128 mM), Ca?*-free Tris-buffered solution for 
10 min. The muscles were then pulse-labelled® with **Ca?* for 2 min using 
*8Ca?* in 1.2 mM CaCl, in the high-K* buffer. During such a 2-min CaCl, 
exposure a contracture developed in the control specimen. After the initial 
period experimental muscles were exposed to felodipine (1 nM) or La?" 
(2 mM). After the 2-min labelling period, the muscles were washed for 1 hin 
nominally Ca?*-free Tris-Krets solution including 2mM LaCl,. The 
muscles were then blotted lightly, dried overnight at 100°C, weighed, 
dissolved and analysed for 45Ca. 
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Fig. 4 The effects of felodipine on the ''}Cd-NMR spectrum of a 1 mM 
solution of (Cd),-calmodulin (bovine testes) at pH 8.4 (Tris-perchlorate 
buffer). In the absence of felodipine (a) the two ''Cd-NMR signals are 
observed at —88 and ~115p.p.m., respectively, relative to 0.05m 
Cd(ClO,),; higher fields have negative shifts. The molar ratio of felodipine to 
calmodulin is: b, 0.6: 1; c, 0.9: 1, d, 2.0: 1. The felodipine was added as a 
10 mM solution in ethanol~cremaphor RH410 (9: 1), Apart from a small 
change in chemical shift of signal at —88 p.p.m, (~2 p.p.m. towards higher 
fields, the effects of the felodipine solvent corrected for), a broadening of 
both '?Cd-NMR signals is observed. The broadening which is most marked 
on the signal at -88 p.p.m. has its maximum at a molar ratio of felodipine to 
calmodulin of ~ 1:1. Further addition of felodipine causes the signals to 
become narrower again. The observed effect of felodipine on the ')*Cd- 
NMR spectra of (CD),-calmodulin is similar to the effect observed on the 
addition of 1 mol of trifluoperazine per mol calmodulin. The '!°Cd-NMR 
spectra were obtained at 55.54 MHz on a 6.0 T FT NMR spectrometer. The 
sample volume was 2.5 ml and the sample was placed in a solenoid perpen- 
dicular to the axis of the superconducting magnet. Each spectrum is the 
result of 25,000 transients obtained during 4h. The sample temperature 
was 23+1°C, 
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Disruption of meteoritic 
iron parent bodies 


THE discovery by Clarke et al.’ of pre- 
terrestrial shock polymorphism (e streve- 
ture) and shock-induced diamond in Allan 
Hills A77283 has implications for the 
process by which the parent body of this 
meteorite disrupted. 

The internal metallographic structures 
of meteoritic iron seem to require well 
insulated parent bodies of 10-100km 
size’?, whereas iron meteorites typically 
fall to Earth as bodies of 10-100 cm with 
occasional crater-forming masses of per- 
haps up to 100 m size. However, of the 70 
or so JA irons (excluding A77283) only 3 
show sufficient signs of mechanical 
damage to produce the e structure’. Of 
these three Canon Diablo is well known to 
contain diamond, but is a crater-forming 
mass and the indications are that its shock 
effects arose during Earth impact. Cran- 
bourne and Magura are showers, not 
associated with known craters, and are 
badly corroded. Magura has been repor- 
ted to contain diamond’. 

In the absence of ablative heat effects it 
is difficult to say whether the shock effects 
in Cranbourne and Magura are pre-ter- 
restrial or not, but the Allan Hills A77283 
observations now open up the possibility 
that they may be. 

Thus, the disruption of the IAB parent 
body seems to have been effected with 
major damage (£) to only two or three of 
the resulting fragments. By contrast, most 
of the 130 or so members of the HIAB 
group show e structures or shock heating 
effects. 

It is therefore easy to accept a collision 
process for the disruption of the IAB 
parent body but the marked absence of 
shock polymorphism in the IAB irons is 
puzzling. One possibility is that the dis- 
tribution of non-metal phases (silicates, 
sulphides) was different in the two parent 
bodies and allowed damage to be more 
concentrated in the non-metal portion of 
the IAB parent. The new evidence on 
A77283 and the possible pre-terrestrial 
character of shock effects in Cranbourne 
and/or Magura now indicate that collision 
was involved in the disruption of the IAB 
parent body. The nature of the assumed 
non-metal portion of the IAB parent 
which bore the brunt of collision damage 
remains unresolved but the position of the 
shocked diamondiferous ureilites might 
be reconsidered in this context. 


H. J. AXON 
Metallurgy Department, 
University/ UMIST, 
Manchester M1 7HS, UK 
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Fish versus zooplankton 
predation in lakes 


FISH predation has traditionally been 
viewed as one of the most important 
factors regulating zooplankton com- 
munity structure in freshwater lakes'?. 
Recently Lane’, approaching the problem 
from a different point of view, has 
conducted comparative studies of verte- 
brate and invertebrate predation in a 
temperature freshwater lake with 
numerous species of zooplanktivorous fish 
and concluded that piscine predators 
“probably have little effect on the myriad 
of interactions among most zooplankton 
species”. Lane’s comparative approach 
for studying predation in aquatic systems 
is commendable. However, we question 
her conclusion that fish were unimportant 
in affecting the zooplankton community 
which she studied because the following 
methodological problems of her work 
would result in a gross underestimate of 
the relative impact of fishes. 

(1) Fish biomasses were poorly esti- 
mated. Estimates of absolute densities of 
fish cannot be made with gill nets unless 
ancillary studies are conducted (that is, 
mark and recapture). Additionally, gill 
nets are not available in mesh sizes which 
will catch larval and small juvenile fish. 
Consequently, Lane’s estimates of fish 
density ignored juveniles of the 70 fish 
species in the lake. Most juvenile fish are 
planktivorous*, and although small, are 
more abundant than large fish; their rela- 
tive consumption rates are also greater’. 
Therefore, they may significantly affect 
total piscine predation rates. Only preda- 
tion by one fish, Osmerus mordax, was 
considered in her study. Consumption by 
other species was ignored because they 
were seldom caught in gill nets or were 
considered “inshore species”. However, 
gill nets are highly selective for some spe- 
cies’, and absence from these nets does 
not indicate absence from a system. 
Inshore species may also have access to 
pelagic plankton by undertaking diel 
migrations to the pelagic zone”? or by 
locating plankton concentrated near the 
littoral by currents’. We have observed 
both types of behaviour in a zooplank- 
tivorous fish, Menidia audens (W.W. and 
H.L., unpublished results). 

(2) Prey consumption rates by fish were 
severely underestimated. Samples to 
estimate gut fullness and evacuation rates 
were taken at only three periods during 


24+h cycles: significantly, none was taken 
during daylight periods. Consequently, 
feeding peaks may well have been missed. 
For example, our work with Menidia 
indicates that dawn and dusk feeding 
peaks would be largely missed with Lane's 
sampling regime and would result in an 
underestimate of consumption rates by at 
least 100%. Lane’s data suggest that at 
least some feeding by Osmerus .occurs 
during daylight, as on one of three sample 
dates, fish were 60% full at sunset. She 
also assumed a linear instead of an 
exponential model of gut evacuation and 
that feeding and gut evacuation are 
mutually exclusive events. These 
assumptions, coupled with infrequent 
sampling, can also lead to severe under- 
estimates of consumption rates". 

(3) Additionally, there are apparent 
difficulties in estimating invertebrate 
predation rates. Lane’s previously pub- 
lished estimates of zooplankton predation 
rates''* differ by more than one order of 
magnitude. Such differences could lead to 
considerable errors in interpreting the 
relative importance of vertebrate and 
invertebrate predation. We also question 
the statement that “Cyclops . . . perhaps 
selects prey more for their availability 
than for any other factor’’,’ because prey 
morphology, size and behaviour contri- 
bute significantly to prey selection ™ 

Lane’s work has shown that inverte- 
brate predators must exert an important 
evolutionary pressure on zooplankton 
community structure, Additionally, she 
has emphasized that the effects of fish on 
the zooplankton may often be 
indirect’*'*. However, given the 
methodological difficulties listed above, 
we are unconvinced that fish have little 
effect, whether direct or indirect, on 
zooplankton communities. 
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LANE REPLIES—Wurtsbaugn et al. state 
that I concluded fish to be unimportant 
with regard to zooplankton community 
structure’, I did not draw this conclusion. 
They confuse two questions: (1) Which 
predators, vertebrate or invertebrate, 
exert the most predation pressure on lake 
zooplankton?, and (2) what is the 
significance (importance) of these preda- 
tion pressures? My paper was concerned 
with providing a quantitative answer for 
question (1), With regard to question (2) I 
was careful not to make value judgements. 
I stated that vertebrate predators often 
have “dramatic effects” on lake 
zooplankton. I shall reply to the three 
methodological criticisms of Wurtsbaugh 
et al., then clarify the problem of 
significance (silver bullet obsession). 

(1) Fish density: my report gave only a 
small part of a 4-yr collection effort of the 
Gull Lake fish community. In addition to 
gill nets, mark and recapture, a high-speed 
sampler, a purse seine, sonar, dip nets and 
hand lines were used for field sampling, 
and experimental cages were used for 
predation studies on immature fish. We 
did not have access to a midwater trawl 
which has been successfully used in the 
Great Lakes?. Our labcratory studies 
showed that clipped smelt were highly 
susceptible to fungus infections and exhi- 
bited high mortalities. Others have found 
summer marking to be impractical’. 
Consequently, we abandoned this method 
of estimating fish populations. As Wurts- 
baugh et al. point out, most types of fishing 
gear are selective’; however, sonar traces 
gave reasonable agreement with gill-net 
results. 

They are correct in stating that juvenile 
fish “may affect significantly total piscine 
predation rates” for some environments 
and there is undoubtedly some error 
there. Their argument for designating 
juvenile fish as important predators was 
based on the reasoning that they are more 
numerous and have greater relative 
consumption rates than adults. When I 
used a similar argument in comparing 
vertebrate with invertebrate predators, 
Wurtsbaugh et al. failed to acknowledge 
it. The reasoning is correct for both 
arguments, if smaller predators are more 
numerous. The combined sampling 


methods failed to reveal large numbers of 
immature fish occupying the central 
station. References to littoral Menidia 
audens, the Mississippi silverside, which 
inhabits shallow, warm Clear Lake, Cali- 
fornia, are irrelevant to the Gull Lake 
situation for almost all comparable 
criteria™ t". My study’ was restricted to 
the pelagic zone. 

Fish consumption rates: all diurnal 
sampling was done with four’ periods as 
Table | of my paper clearly shows. Use of 
sonar to check the absence of fish during 
the day and their diurnal movements were 
mentioned in Fig. 1 legend. In a subse- 
quent study, smelt were collected on 
transects from the central station to shore. 
Data on their stomach contents provided 
no evidence of inshore feeding during the 
day or of a dawn feeding peak. Wurts- 
baugh et al. make two useful points about 
linear compared with exponential models 
of gut evacuation and the assumption of 
independence of feeding and gut evacua- 
tion. Usually gut evacuation time and 
feeding periodicity are determined 
experimentally. The smelt did not 
cooperate in our laboratory studies thus I 
kept the model as simple as possible. 

Invertebrate predation rates: these do 
differ by an order of magnitude over the 
large range of conditions in my experi- 
ments. Feeding rates for filter-feeding 
zooplankton are also as variable; density 
relationships are even more variable. 
Environmental heterogeneity and feeding 
periodicity also contribute to rate varia- 
tions. I stated in Fig. 1 legend’ that many 
other invertebrate predators consume the 
prey species; this would underestimate the 
degree of invertebrate predation extant in 
Gull Lake’*"”. 

(2) Significance: I concluded that smelt 
account for ~ 5% of the total predation 
on Gull Lake zooplankton’. This does not 
mean that invertebrate predators are 20 
times more important than vertebrate 
predators. Important to whom?—A 
particular population? The daphnids? The 
community? Important in what way?— 
For calculating nutrient and energy 
budgets? For determining community 
structure and trophic networks? For 
quantifying stability? 

In aquatic ecology there is an obsession 
with the silver bullet—the belief that a 
single factor can be found to explain 
ecosystem dynamics. For example, the 
limiting factor in eutrophication studies '*, 
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the arguments on density-dependent 
versus independent population regula- 
tion, the controversy regarding whether 
competition or predation regulates the 
intertidal zone and now the pelagic zone, 
and the suggestions that aquatic ecosys- 
tems should be organized around the axis 
of body size. Some of these are parameter 
inputs. They do not control the ecosystem 
but rather set particular variables in 
motion. Variables included within a 
network possess similar rates whereas 
parameters are faster or slower. Wurts- 
baugh et al. believe that fish are a vari- 
able—-this may be true for littoral species 
in particular. In testing the Gull Lake data 
set with loop analysis, it seems that smelt 
act as a parameter input to Chaoborus spp. 
and large Daphnia pulex. Inclusion of 
smelt as a variable reduced the agreement 
of model predictions with the data. In fact, 
smelt are not even the predominant 
input—-those enter at nutrient and algal 
levels. This is why I stated that “smelt 
probably have little effect on the myriad of 
interactions among most zooplankton 
species”. 

It is not possible to take one predation 
link out of a whole ecological network and 
declare that this controls the system or is 
the most important part of the dynamics’®. 
The effect of any given parameter or 
variable on another variable is a 
consequence of the configuration of the 
whole network. In addition, indirect 
pathways often swamp direct ones. Smelt 
have reduced Chaoborus spp. popu- 
lations, which in turn have eased the pre- 
dation pressure on many small prey spe- 
cies. Thus, ignoring indirect pathways 
could cause substantial overestimates of 
smelt predation. Similar results have been 
noted elsewhere’’. This positive effect on 
small species demonstrates that ecologists 
should not hasten to load their ecological 
pistols with silver bullets for they will 
undoubtedly be caught in the cross-fire. 
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Mechanisms of scientific revolution 


Historians of science have for a long time 
been interested in periods of major, rapid 
and partially discontinuous change in 
science. The most radical of these changes 
dates from, roughly, the first half of the 
seventeenth century and is generally known 
as the scientific revolution. Other more 
parochial revolutions, such as the 
Darwinian revolution, have also attracted 
much attention. In physics two main 
periods perhaps deserve the appellation 
‘“‘revolution’’; one associated with 
Fresnel’s work on light, Carnot’s and 
Fourier’s on heat and other developments 
in the late eighteenth and early nineteenth 
centuries, and the other related to the rise 
of quantum and relativity theories a 
century later. Whether we decide to 
characterize either of these as a 
“revolution” depends on how we define 
the term in respect to changes in many 
facets of science. 

Enrico Bellone’s A World on Paper: 
Studies on the Second Scientific 
Revolution is concerned, as the sub-title 
suggests, with substantiating the claim that 
a revolution occurred in physics in the late 
eighteenth and early nineteenth centuries. 
The author claims that during this period 
physics became more mathematical, 
theoretical and abstracted from experi- 
ence; physicists thus constructing ‘‘a world 
on paper’’. This book, first published in 
Italian in 1976, now appears in English 
translation. Stillman Drake, an authority 
on Galileo, has provided a somewhat 
eulogistic foreword. Bellone’s book en- 
compasses an important topic for current 
historical research, since despite the con- 
siderable amount of respectable secondary 
literature on this period there is com- 
paratively little of a synthesizing nature. 
Unfortunately, this study is disappointing 
and fails to achieve its objective. 

Problems arise partly because Bellone, a 
professor of the history of science at the 
University of Genoa, is anxious to 
demolish what he sees as two pernicious 
and pervasive doctrines. First, he intends 
to refute the view, which he appears to 
attribute indiscriminately to philosophers 
and most historians of science, that from 
the seventeenth to the end of the nineteenth 
century physics was dominated by the 
doctrine of mechanism. Not only does he 
fail to explain what he understands by this 
term but he also does not name his 
opponents, with the exception of Pierre 
Duhem. Yet Duhem’s aim was to contrast 
the British tendency to construct 
mechanical models of physical phenomena 
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with the continental methods of mathe- 
matical abstraction. The Aim and 
Structure of Physical Theory was 
published 75 years ago and no respectable 
historian or philosopher of science in 
recent years has championed any simplistic 
thesis concerning the total dominance of 
mechanism during the nineteenth century. 
We can conclude that Bellone has set up a 
straw man as his major opponent. 

The second of Bellone’s opponents is less 
of a straw man than an inappropriate 
one. Apparently with Kuhn, Popper, 
Feyerabend and Lakatos in mind, he 
attacks those philosophers who have 
proposed general theories of scientific 
development. However, in order to con- 
trovert, for example, Kuhn’s theory it is 
necessary to show that either it is intrin- 
sically incoherent or it does not accord with 
the actual development of science. Bellone 
attempts a rather inadequate variant of the 
latter strategy by arguing in five case- 
studies that physicists have articulated 
their own views about scientific method 
and have not been indebted to philosophers 
of science, least of all to those who 
espoused mechanism. 

By far the longest study is an attempt to 
show that, contrary to Duhem’s 
characterization, Kelvin was not a 
mechanist. To substantiate this claim the 
author discusses Kelvin’s work in such 
areas as energy conservation and the vortex 
atom hypothesis. However, he seems 
prepared to concede that Kelvin deployed 
mechanistic hypotheses and analogies 
provided they were adequately grounded 
on known physical laws and expressed in 
mathematical terms. More positively he 
interprets Kelvin as being centrally 
concerned with inductively discovered 
physical laws and prepared to employ 
mathematics only as a useful tool. These 
attitudes are traced to the views of John 
Herschel and Thomas Reid. Kelvin’s 
empiricist philosophy is contrasted, in the 
second study, with that of Boltzmann who 
propounded a mathematical and highly 
abstract form of physical theorizing which 
set him against Mach’s sensationalism and 
Ostwald’s theory of energetics, and also led 
to his work on probability calculus. Of 
particular importance to Bellone is 
Boltzmann’s partial rejection of 
mechanistic explanations. 








The third study is largely concerned with 
Ampére who is interpreted as having 
rejected action-at-a-distance forces — as 
championed by Newton and Laplace — 
and adopted a contact-action ether theory 
of electromagnetism. There follows an 
essay contrasting the fluid theory of 
electricity held by the Abbé Nollet in the 
1740s with the mathematical instru- 
mentalism propounded by Cavendish a 
quarter of acentury later. Finally we return 
to the Kelvin-Boltzmann dispute over the 
respective roles of mathematics and 
experience and to Kelvin's recognition in 
1900 that physics was facing two major 
problems: first the problem of reconciling 
ether theory with the Michelson~Morley 
experiment and, second, the inadequacy of 
the Maxwell—Boltzmann theorem for the 
equipartition of energy, These difficulties 
perceived at the end of the nineteenth 
century are interpreted by Bellone as 
indicating continuity with twentieth- 
century physics; thus, in his opinion, no 
scientific revolution occurred early this 
century. 

I hope that | have accurately conveyed 
the author’s major claims since | found this 
a surprisingly difficult, even opaque, 
book. While admiring Bellone’s courage in 
attempting to cover a major historical 
topic, I encountered several difficulties 
with his thesis. Some problems stem from 
disagreements with his historical claims. 
To give two examples: there is strong 
evidence, some of which is cited in this 
book, that Ampère did not subscribe to a 
contact-action ether, and Kelvin’s 
philosophy cannot be simply traced back to 
Reid’s — indeed they differed radically 
over the question of hypotheses and 
analogies. Other difficulties arise because 
although the beok contains summaries of 
various writers’ high y interesting views on 
mathematics, experimentation, theory and 
mechanics, the presentation of these issues 
Jacks coherence and is weak in analysis, so 
that the reader is frequently assailed by’ 
ambiguous statemerts and points which 
need both clarification and evidential 
support. 

Yet more problems stem from the 
historiography whichis based on what the 
author calls the ‘‘scientist’s dictionary” 
(considered by Professor Drake to be 
Bellone’s major contribution to the study 
of history). The dictionary of a scientist 
contains, it appears, the set of his currently 
adopted ideas. If I have interpreted Bellone 
correctly, then his theory of dictionaries is 
unhelpful if not positively misleading. 
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There are many significant dissimilarities 
between a mind and a dictionary: a 
dictionary, unlike a mind, contains only 
definitions of words, is open to public 
scrutiny and so on. How are we to con- 
struct a scientist's (private) dictionary from 
his public statements when the latter are 
often shaped for the audience for which 
they are intended? Given these and similar 
queries it is unfortunate that Bellone did 
not discuss this theory in much greater 
detail. 

Bellone’s notion of the scientist's 
dictionary has a further consequence for 
his: historical claim that a revolution 
occurred in physics in the late eighteenth 
and early nineteenth centuries. 
Revolutions have, as Kuhn insisted, a 
social component which he expressed in 
terms of paradigm change being a change 
in consensus among the members of a 
scientific community. Even if one does not 
agree with the details of Kukn’s thesis it 
would appear difficult for the historian 
interested in large-scale changes in science 
to omit this social dimension. Yet this is 
precisely what Bellone does. According to 


his theory, each scientist maintains his own 
dictionary and yet Bellone offers the 
historian no means of moving from 
individual dictionaries to an understanding 
of broader historical processes. Indeed, his 
failure to appreciate the latter leaves the 
reader unclear as to what constituted the 
“second scientific revolution’’, 
Unfortunately, the author conveys the 
impression that he is divorced from the 
main currents of historical scholarship. An 
examination of the book’s endnotes reveals 
surprisingly few references to the major 
secondary works on the subjects he 
discusses. His indiscriminate use of terms 
such as deduction, crucial experiment, 
common sense, scientific revolution, 
mechanism and Newtonianism indicates 
that he is not aware of the specific meaning 
conventionally attached to them. Finally, it 
is surely only ignorance of recent 
scholarship that could have led the author 
to construct his book as an attack on 
Duhem’s outmoded thesis. E 





G, N. Cantor is a Lecturer in the Department of 
Philosophy at the University of Leeds. 


Across the spectrum of IR astronomy 


R.F. Carswell 


Infrared Astronomy. International Astro- 
nomical Union Symposium No. 96. Edited 
by C.G. Wynn-Williams and D.P. 
Cruikshank. Pp.376. ISBN hbk 90-277- 
1277-1; ISBN pbk 90-277-1228-X. (Reidel: 
1981.) Hbk Df1.90, $47.50; pbk Df1.45, 
$23.50. 





Few branches of astronomy have made 
such rapid progress in the past few years as 
the infrared. With the continuing develop- 
ment of modern detector systems, and in 
particular the availability of four 
telescopes high on Mauna Kea in Hawaii 
above most of the atmospheric absorption, 
there is every expectation that this will 
continue. It was therefore appropriate that 
a symposium on infrared astronomy 
should be held in Hawaii last year, drawing 
together contributions from many of the 
most active people in the fieid. 

The papers included in the proceedings 
reflect the diversity of topics to which 
infrared astronomy is making its sig- 
nificant, and often unique, contribution. 
Articles on planetary studies, protostellar 
objects, molecular clouds, dust, nebular 


emission lines, stars in external galaxies, 


and active galactic nuclei show just how 
wide the range is. The often dull (to an 
outside astronomer) technical papers 
describing detector systems were 
deliberately excluded from the symposium, 
and the editors chose te include only 
reviews on each topic rather than all the 
inevitable specialist results normally heard 
at such symposia. The result is a volume 


which summarizes the present state of the 
subject well and gives an idea of the rapid 
advances being made without the non- 
specialist reader having to wade through a 
mass of detail. 

To choose a few at random, the three 
descriptions by Evans, Hyland and 
Thompson highlight the value of infrared 
studies of the highly obscured regions 
where star formation is occurring, and 
provide useful summaries for the relatively 
ignorant such as myself. The review of the 
reviews on this topic by Zuckerman helps 
to give the overall picture. In an area where 
I have more expertise, Soifer and 
Neugebauer give us a comprehensive 
survey of the properties of active galactic 
nuclei and quasars. 

The final summary by Longair states 
succinctly what emerges from the 
proceedings in general. Infrared 
astronomy is proving to be useful in 
probing an increasingly diverse range of 
astrophysical questions and, with future 
developments, such as grating spectro- 
meters, area detectors and infrared 
astronomy satellites, the trend towards ‘‘in 
depth’’ studies of particular classes of 
objects at all wavelengths is likely to 
continue. Thus, a book on infrared astron- 
omy is likely to give way to more specialist 
collections. In the meantime, this volume 
provides a useful, up-to-date review of th 


entire field. E 





R.F. Carswell is at the Institute of Astronomy, 
Cambridge. 
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Hot history 
P.T. Landsberg 


The Tragicomical History of 
Thermodynamics 1822-1854. Studies in 
the History of Mathematics and Physical 
Sciences, 4. By C. Truesdell. Pp.372. ISBN 
3-540-90403-4. (Springer-Verlag: 1981.) 
DM99, $58.50. 











WuHatT is the meaning of the following 
result: “If the total heat of a homogeneous 
and uniformly hot substance be conceived 
to be divided into any number of equal 
parts, the effects of those parts in causing 
work to be performed are equal’’? If this 
should not be quite clear, the following 
may help: ‘‘If the absolute temperature of 
any uniformly hot substance be divided 
into any number of equal parts, the effect 
of those parts in causing work to be per- 
formed are equal’. These are quotes from 
William John Macquorn Rankine 
(1820-1872), a Scottish mining engineer, 
writer on thermodynamics, inventor of the 
word ‘‘adiabatic’’, They are his version of 
the second law of thermodynamics as given 
in his Manual of the Steam Engine which 
saw many editions, starting in 1859. Little 
wonder, then, that James Clerk Maxwell 
felt in 1878 that anyone who actually 
understood these remarks could explain 
thermodynamically what Tennyson had 
said of the great Duke: 

whose eighty winters froze with one rebuke 
All great self-seekers trampling on the right. 

If oscillations of this order in the clarity 
of conceptions concerning thermody- 
namics could take place after the period 
covered in Truesdell’s book, it is perhaps 
not surprising that the period itself also 
furnishes many challenges to those who 
come in today to tidy up the errors of the 
founding fathers of the subject. This is 
precisely what Truesdell seeks to do (the 
above quotations will not be found in this 
book). 

Where Maxwell proceeded with delicacy 
and humour, Truesdell is hard-hitting, 
hoping to raise in this way the subject from 
the “Dismal Swamp of Obscurity that 
from the first it was and that to-day in 
common instruction it is’? (p.6). Leaving 
an assessment of this provocative remark 
to the many students and teachers of the 
subject, the book deals with Truesdell’s 
rediscovery (following J. Moutier) of F. 
Reech (1805-1884) and has chapters or 
sections on Carnot, Helmholtz (The 
Conservation of Force being described as 
his weakest paper), Fourier, Clausius, 
Rankine, Kelvin and many others, 
mathematical aspects being given 
prominence. 

The teaching of the subject can 
conveniently start with the introduction of 
specific and latent heat functions C and / 
defined in a usual notation by: 


dQ=C,dT+1,dV = C,dT + I, dp. 
To these relations a third relation may be 
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added, which is not independent but yields 
a pleasant symmetry: 


dQ = m, dV + m, dp. 


This procedure has been used in a number 
of text books, including my own. Truesdell 
relates it to what he calls the “Doctrine of 
Latent and Specific Heats”. 

The book makes interesting reading and 
in its emphasis on the history of mathe- 
matical formulations of thermodynamics it 
breaks new ground. It suffers by the 
awkwardness of the chapter arrangements, 
cross references and notation, which 
makes it hard to read, and by the very 
limited references to the writings of 
contemporary historians of science, which 
sets it apart from current historical 
research. Not even Clausius’ 1872 paper on 
the history of the mechanical theory of heat 


Will plant biochemistry go to the ball? 


Philip Rubery 


The Biochemistry of Plants; A 
Comprehensive Treatise. Editors-in-chief 
P.K. Stumpf and E.E. Conn. Vol.1 The 
Plant Cell (edited by N.E. Tolbert), 
pp.699, ISBN 0-12-675401-2. Vol.2 
Metabolism and Respiration (edited by 
David D. Davies), pp.687, ISBN 
0-12-675402-0. Vol.3 Carbohydrates: 
Structure and Function (edited by Jack 
Preiss), pp.638, ISBN 0-12-675403-9. 
(Academic: 1980.) $65, £43 per volume. 








A RECENT issue of Trends in Biochemical 
Sciences carried the headline ‘‘Plant bio- 
chemistry — a Cinderella too long’’. Does 
the publication of a comprehensive treatise 
on the biochemistry of plants herald the 
arrival of this poor relation in good 
society? As the editors comment in their 
general preface, the study of plants has had 
a mixed reception in the biochemical 
community. Thus the treatise aims not only 
to instruct but also to inspire — indeed, 
evangelize. 

The first volume is largely self-contained 
and is organized into chapters centring on 
particular organelles and cellular 
membrane components which collectively 
cover many of the topics dealt with under 
the more system-based approach of Vols 2 
and 3. Indeed, from reading all three 
volumes one theme that constantly recurs is 
the unity of plant cells and the interdepen- 


— 


Volumes 4 (Lipids: Structure and 
Function), 5 (Amino Acids and Deriva- 
tives) and 6 (Proteins and Nucleic Acids) in 
this series have now appeared. The last two 
volumes making up the Treatise (Vol.7 
Secondary Plant Products and Vol.8 
Photosynthesis) are scheduled for pub- 
lication shortly. The completed series will 
be reviewed in Nature at a later date. 











d 





is cited as a source. | conclude with | 

quotations illuminating the harsh ethos of 

the work: 

Of Laplace:As a physicist he preferred 
contorted structural hypothesis, as 
a mathematician he was unusually 
loose, even for his day [p.41]. 


I doubt if any critical reader today 
would find in his book much insight 
into nature beyond that common in 
works of his predecessors and con- 
temporaries [p.76]. 


“This unhappy quality is the tough and 
tortuous thread of the plot of the 
tragicomedy. It began with Laplace and 
was spun out by Fourier” (p.77). 


Of Fourier: 





P.T. Landsberg is Professor of Mathematics at 
the University of Southampton. 


dence of organelles. For example, an 
overall account of the current status of 
carbon flow and compartmentalization in 
photorespiration and gluconeogenesis 
from fat can be synthesized from articles in 
Vol.1 on microbodies, on mitochondria 
and on chloroplasts; in Vol.2 on control of 
carbohydrate oxidation and on photo- 
respiration; and in Vol.3 on integration of 
carbohydrate metabolism. The glyoxylate 
cycle is also covered in Vol.4 and a further 
chapter on photorespiration is promised 
for Vol.8. 

One of the primary goals of a treatise 
such as this is to provide authoritative 
accounts of major areas which embody a 


large corpus of research. Many of the | 


chapters fulfil this aim well — those on 
sugar nucleotide transformations (Vol.3), 
polysaccharide solution conformation 
(Vol.3), development and evolution of 
plastids (Vol.1) and mitochondrial electron 
transport and energy coupling (Vol.2) are 
particularly good. The chapter on primary 
cell walls (Vol.1) includes a welcome 
critical review of the evidence for covalent 
linkages between macromolecules having a 
key role in wall structure. 

A comprehensive account of plant bio- 
chemistry has other important tasks to 
perform. For instance, the applicability to 
plants of research strategies evolved in 
other contexts should be assessed and 
publicized. This is epitomized by ap Rees 
(Vol.3) in his consideration of the 
theoretical and experimental approaches to 
the regulation of hexose phosphate 
metabolism along the lines influentially 
described by Newsholme and Start in 
Regulation in Metabolism (Wiley, 1973). 
Turner and Turner cover similar ground in 
Vol.2, where Wiskich also deals rather 
more phenomenologically with the control 
of the Krebs cycle. 

Areas where plant biochemists are 
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demonstrably ignorant compared to their 
animal colleagues (the Cinderella effect?) 
are frequently pointed out and many 
chapters suggest where plant horizons 
could be broadened or at least examined 
more closely. According to Storey (Vol.2), 
none of the mitochondrial redox flavo- 
proteins has been characterized as an iso- 
lated enzyme. The contrast with the wealth 
of spectroscopic data available for plant 
mitochondria exemplifies the compara- 
tively patchy sophistication of plant 
biochemistry. Similarly, the important 
enzyme thymidylate synthase, discussed by 
Cossins in Vol.2, has not been charac- 
terized from plant tissue. On a wider scale, 
the biochemistry of many basic physio- 
logical problems remains obscure, 
especially when they lie in the interstices of 
traditional major domains. For example, 
we have little detailed understanding of the 
differences in metabolite traffic, involved 
in energy supply and carbon skeleton pro- 
vision, between chloroplasts, cytoplasm, 
mitochondria and peroxisomes in leaf cells 
in the light and the dark. Graham’s chapter 
(Vol.2) on the effects of light on ‘‘dark’”’ 
respiration addresses some of these 
questions. The excellent article on trans- 
location of sucrose and oligosaccharides, 
by Giaquinta in Vol.3, combines a physio- 
logical and biochemical approach to high- 
light key problems such as the mechanism 
of sucrose unloading from phloem whose 
further elucidation could have agronomic 
and economic implications. It is important 
that plant biochemistry should, like 
mammalian biochemistry, be increasingly 
concerned with applving the burgeoning 
range of new techniques to essentially 
cellular problems. 

As to omissions, I would have liked some 
treatment of the cytoskeleton in plants and 
also perhaps a chapter explicitly devoted to 
transport across the membranes of 
organelles. The virtual exclusion of growth 
substances from the consideration of cell 
wall dynamics and of seed reserve 
mobilization is also regrettable, although 
admittedly phytohormones are not within 
the plan of the treatise. Nevertheless, most 
topics that one would hope to find 
adumbrated by the volume titles are 
covered although the ‘‘metabolic’’ content 
of Vol.2 is largely carbohydrate; lipids, 
amino acids, proteins and nucleic acids, 
and secondary products being dealt with in 
Vols 4,5,6 and 7 respectively. Much of the 
contents of these three volumes and of the 
treatise as a whole are likely to remain 
valuable sources of reference and per- 
spective for the rest of the decade. They are 
not expensive in today’s terms for what 
they provide and the semi-autonomous 
nature of the volumes should enable a 
variety of permutations to serve the 
interests of different groups and 
individuals. The treatise is timely and, like 





Philip Rubery is a Lecturer in Biochemistry at 
the University of Cambridge 


Muscle: from hypertension to erection 


Andrew P. Somlyo 





Smooth Muscle: An Assessment of Current 
Knowledge. Edited by E. Bilbring et al. 
Pp.576. ISBN 0-7131-4348-7 /0-292-77569-5, 
(Edward Arnold/Texas University Press: 
1981.) £45, $95. 





SMooTH muscle cells in blood vessels, 
bladder, uterus, gastrointestinal tract and 
airways support and regulate, directly or 
indirectly, nearly all bodily functions. 
Nevertheless, physiologists, until recently, 
have shied away from studying these cells 
because of their small size, relatively poor 
ultrastructural organization and great 
individuality. Our knowledge of the cell 
physiology of smooth muscle, with a few 
notable exceptions, is largely due to studies 
conducted within the past 15 years and, 
thus, a timely subject for the stated aim of 
this book — ‘‘an assessment of current 
knowledge’. The book is a ‘‘family 
affair’’; the editors and contributors are 
Professor Bilbring of Oxford and her 
former pupils who, individually and in col- 
laboration, have contributed vigorously to 
this field. Nevertheless, the volume is not 
parochial; geographically, the authors 
range from Oxford to continental Europe, 
including Russia, and through the United 
States to Australia and Japan. Intel- 
lectually, the contents extend to cover work 
from laboratories outside ‘‘the family’’ 
and successfully reconcile previously 
opposing views, such as the normal 
occurrence of graded changes in membrane 
potential in tonic smooth muscles and the 
existence of smooth muscle regulation by 
mechanisms independent of the membrane 
potential (pharmacomechanical coupling). 

The major emphasis is on electrophysi- 
ology and ion transport, areas of research 
in which Professor Bülbring and her pupils 
have been most active. Of what is known 
about these subjects, the contributions by 
Brading, Casteels, Jones, Kuriyama and 
Tomita leave little uncovered. Jones, 
perhaps having planned successfully his 
chapter as the basis of a graduate course on 
smooth muscle, presents a particularly 
broad view, covering not only relevant 
aspects of the ultrastructure, electrophysi- 
ology and the ionic permeability of normal 
smooth muscle, but also the membrane 
properties of vascular smooth muscle 
altered by high blood pressure. Voltage 
clamping of smooth muscle is assessed with 
admirable caution by Bolton, Tomita and 
Vassort. The application of this technique 
to tissues having such complex geometries 
as smooth muscle is a terrain where most 
researchers fear to tread, and, therefore, 
the identification of the ionic currents 
responsible for action potentials in smooth 
muscles has been ambiguous. The task of 
identifying such currents is not made easier 
by the large variations among different 
smooth muscles in which the contributions 
of, respectively, sodium and calcium to 


the early current are quite variable. 
Burnstock’s contribution on smooth 
muscle development and innervation and 
Gabella’s extensive discussion of the ultra- 
structure of smooth muscle successfully 
relate structure to function. Gabella, 
incidentally, also reflects the consensus of 
experienced electron microscopists that, in 
both relaxed and contracted smooth muscle, 
myosin is organized in thick filaments. 

Given the highly individual properties of 
smooth muscle cells in different organs and 
the variety of their functions, the subjects 
to be covered are limited only by space and 
the authors’ interests. These range from 
the aforementioned studies of vascular 
smooth muscle altered by hypertension to 
the role of penile blood vessels in erection. 
It may come as a surprise to some that 
erection is due to the relaxation of smooth 
muscle of the penile arteries, the flaccid 
state being the result of vasoconstriction. 

The flaws of the book are minor, 
although the mistaken identification of one 
of the editors, a Professor of some years 
standing, as an Assistant Professor is cer- 
tainly an editorial “blooper”. There is con- 
siderable overlap between the various 
chapters covering electrophysiology and 
ion distribution, perhaps unavoidable in a 
multi-author volume that is the product of 
a single scientific ‘‘school’’, and also for- 
giveable in a book that boasts several 
thousand references dealing with this 
subject. It is not a textbook, since some 
important aspects of smooth muscle, 
including biochemistry, muscle mechanics 
and energetics did not fall within this 
group’s research interests and are, there- 
fore, discussed little or not at all. In this 
sense, this book and the recently published 
volume in the Handbook of Physiology 
series (Vascular Smooth Muscle; American 
Physiological Society, 1981), of which, I 
should confess, I am an editor, complement 
each other well; together they provide an 
encyclopaedic survey of the field. 

Smooth Muscle: An Assessment of 
Current Knowledge brings us up to date 
with the use of electron probe analysis and 
ion selective electrodes, the latter in the 
laboratory of one of the editors, to verify 
the unusually high cytoplasmic concen- 
tration and activity of chloride in smooth 
muscle. Perhaps some of the more 
speculative aspects of this book, such as the 
postulated binding of calcium to the inner 
surface of smooth muscle plasma mem- 
brane, will eventually also be tested by 
direct methods. 

The book is recommended to those with 
an interest in smooth muscle and to those 
wishing to learn about a cell system 
admirable in its infinite variety. 





Andrew P, Somlyo is Professor of Physiology 
and Pathology and Director of the Pennsylvania 
Muscle Institute, University of Pennsylvania. 
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Alkalinity analyser 


THE pump-colorimeter total alkalinity 
analyser is an addition to the Hach range of 
colorimetric instruments. Alkalinity is 
measured by colorimetric pH determi- 
nation and three ranges are available: 0-50 
mg 1? (as CaCO,); 0-100 mg 17; and 
0-500 mg 17. 
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— 
Carbon rod atomizer 


THe CRA-90 carbon rod atomizer, 
designed to overcome the sensitivity 
limitations of flame atomic absorption 
systems, is described in a brochure from 
Varian. The CRA-90 atomizes all the 
sample, as opposed to only 10% with flame 
atomization. Thus, a large signal is 
produced, which means that small sample 
sizes or very dilute solutions can be used. A 
typical analytical volume for the CRA-90 is 
5 ul, whereas flame methods usually 
require 5 ml. 
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Shaker-type hydrogenator 


Parr shaker-type hydrogenators, for 
testing chemicals with hydrogen in the 
presence of a catalyst, are described in a 
new catalogue. Parr shakers are used 
mainly for synthesizing or modifying 
organic compounds by catalytic hydrogen- 
ation, reduction or condensation. Pressures 
up to 5 atm and temperatures of up to 80°C 
can be achieved. 
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Bath circulators 


New compact refrigerated bath circulators 
from Neslab Instruments occupy only | 
11 x 13 inches of bench space. With a 
temperature range of -20°C to + 100°C, 
the RTE-5 is designed principally as a cir- 
culator while the RTE-9 combines external 
circulation with a bath work area. Tem- 
perature stability of both models is 
+0.01°C. Low level/high temperature 
safety is standard equipment. Two basic 
models, the RTE-SB and RTE-9B have 
been designed for applications which do 
not require the fine stability of the RTE-5 
and RTE-9. These basic models have a | 
temperature stability of + 0.1°C. 
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PRODUCT REVIEW — AMERICAN CHEMICAL SOCIETY 


The American Chemical Society Chemical Exposition is being held at the New York Hilton 
Hotel, New York City, USA from 24 to 26 August. The notes on these pages include infor- | 
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Effluent analysis 

Finnigan MAT has designed the organics- 
in-water analyzer (OWA) GC/MS system 
for monitoring and analysis of industrial 
waste water. For protracted, routine 
analysis of organic pollutants, the OWA 
GC/MS is reliable and simple to operate. 
Automated software routines make quan- 
titative GC/MS analyses of any organic 


compounds rapid and precise. Data 


Electronic microbalance 


THE Mettler M3 electronic microbalance 
offers a weighing range of 0-150 mg and is 
readable to 1 yg. It has a weighing capacity 
of 3,050 mg, a built-in calibration weight 
and offers automatic calibration. Stabiliz- 
ation time is <4Ss. The weighing pan, digital 
display and controls are arranged in the 
operator’s field of vision for comfortable 
operation. In addition, weighing can be 
done without delay as arrestment is not 
necessary when dialling tare weights. With 
a touch of the pan brake button, pan oscil- 
lations are quickly eliminated. The M3 has 
double-walled housing, double-glass 
weighing chamber and heat shield to 
protect the balance against dust and 
temperature. 
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Oxygen analyser 


CHANGES of as low as 0.001% O, can be 
detected using the S-3A oxygen analyser 
which continuously measures oxygen in 
gases. This sensitivity is combined with 
high stability, allowing highly accurate 
measurements. The S-3A can be used for 
oxygen uptake studies and for breath-by- 
breath analysis and alveolar oxygen 
measurement. It is newly available from 
Applied Electrochemistry. 
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acquisition can occur simultaneously with 
data processing to increase sample 
throughput. The system includes a fully 
automated Perkin-Elmer Sigma series 
microprocessor-controlled gas chromato- 
graph and an automated Tekmar liquid 
sample concentrator, designed to EPA 
specifications for the analysis of volatile 
organics in water. 
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Voltammetric cell 


A NEW voltammetric/polarography cell 
from IBM Instruments, Ine. features a 
high-density polypropylene top with ‘O° 
ring adapters for variable positioning of 
electrodes and accessories, These adapters 
also have the advantage of avoiding the 
problem of freezing ground-glass joints. 
This cell can be used for various electro- 
chemical studies ranging in volume from 2 
to 30 ml. Cell top and bottom are quickly 
threaded for an airtight seal. A thermo- 
static jacket that threads to the cell is also 
available for constant temperature studies. 
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Ultrafiltration membranes 


Two new ultrafiltration membranes from 
Nuclepore Corporation filter selectively on 
the basis of molecular weight rather than 
particle size. Type C membranes are 
intended for use in concentrating or 
removing proteins from solution. They 
have molecular-weight cutoffs from 500 to 
100,000, are usable in the pH range 2-10 
and have an exceptionally low affinity for 
proteins. Type F membranes are intended 
for use in the pH range l-14 and are 
available with molecular-weight cutoffs 
from 5,000 to | million, These membranes 
are autoclavable and can withstand tem- 
peratures of up to 130°C. 
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Isotope ratio MS 


PRECISE automated measurement of 
isotope ratios for gases, uranium and 
metals is possible using a line of automated 
mass spectrometers from Finnigan MAT. 
Each system includes a desk-tap calculator 
which controls the analysis run from 
sample inlet to printing of results. Applica- 
tions are in geochemistry, mineralogy, 
nuclear fuel analysis, biology and soil 
science. 
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HPLC control system 


LITERATURE featuring the HPLC 740 
control module with optional data 
reduction.and printer/plotter package is 
now available from Micromeritics. The 
> microcomputer-based 740 remotely con- 
> trols Micromeritics HPLC component 
system through keyboard entry of all 
system functions, providing continuous 
LED readout of operating conditions for 








Rheometer 


Tekmar has developed the Rheomat 30 to 
allow rheological studies over a broad 
viscosity and shear-rate range. It provides 
30 rotational speed steps in geometric pro- 
gression. Automatic plotting of flow 
curves (rheograms) is possible using the 
programmer, Rheoscan 30... 
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easy system monitoring. Up to 10 different 
gradient programs can be simultaneously 
stored in the 740 memory, each of which 
can control proportioning of three 
different solvents in the 753 ternary mixer 
and generate solvent percentage curvatures 
. for each. The data package uses the high 
precision, Savitsky-Golay, least-squares 
method of signal noise reduction before 
integration. 
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TECHNICAL MANUFACTURING CORPORATION 


PRECISION METAL PRODUCTS ‘VIBRATION ISOLATION SYSTEMS 






isolation for large consoles 
with new MICRO-g platforms. 


This is the better way to provide vibration isolation for large consoles with | 
ty. New MICRO-g isolation plattor: 

some external structures and alr bag arra a 
ireu Mask aligner installation. The unobtrusive base platforms are iso- 
lated from the floor by integral MICRO-g air isol i 
Gimbal Pistons provide horizontal isolation comparable to ver ‘ 
resonant frequencies of approximately 1.25 Hz, MICRO-g Base-Mc 
isolators provide unmatched vertical and horzontal isolation ot 
building vibration. Base-mount platforms are available for all 


Conductivity controller 


New literature from Beckman Instruments 
describes a single range conductivity con- 
troller for water purity applications 
requiring continuous digital conductivity 
indication. It has on/off control and an 
output for proportional control or remote 
recording. 
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GC analysis 


AN applications note from Varian 
discusses a method for identification and 
quantitation of gases dissolved in trans- 
former fluid. The presence of these gases 
can provide an early indication of 
developing problems in the transformer. 
The procedure described uses a Varian 
3760 or Vista 4660 gas chromatograph, 
with valve and detector switching per- 
formed automatically by the CDS-111 or 
Vista 401 data systems. 

Circle No. 103 on Reader Enquiry Card. 


Acid digestion bombs 


Teflon-lined, stainless steel bombs for 
dissolving or digesting analytical samples 
in strong acids or alkalis are described in a 
new publication from the Parr Instrument 
Co. Five models (23-125 ml) are offered 
for treating inorganic or organic samples 
with HF, HCI, H,SO,, or other strong 
acids or alkalis, at temperatures well above 
normal boiling points, for rapid dissolu- 
tion and complete sample recovery without 
loss of trace elements and with no added 
contaminants from the container itself. 
Built-in safety rupture disks protect against 





| unexpected explosion. 
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Centrifuges 


VARIABLE speed bench-top Jouan centri- 
fuges which can accommodate tubes as 
small as 200u] are available from New 
Brunswick Scientific, as well as large high 
speed instruments capable of spinning six 
1,000-ml samples at both high speed and 
high g forces. 

Circle No, 105 on Reader Enquiry Card. 








Frozen Tissue Sections 


Our thermoelectric Tissue Freezer BFS-2 makes 
them easy to cut. Temperature is adjustable for 
optimum sectioning, 

No more dry ice or COs gas; fits all microtomes, 
always ready. Hundreds in use 


BAILEY INSTRUMENTS INC. 
516 Victor St., Saddie Brook, NJ 07662 U.S.A. 
201-845-7252 





Macro Page 
PREPARATIVE ELECTROPHORESIS 
SYSTEM 


A complete automatic system for the 
separation of DNA fragments, PROTEINS 
and Electrophoretic Desorption from 
Affinity Matrices. 


TRE SPIRELL A BULONG 
BAINGE ROAD, LETCHWERTH 
HERTS, SOS4ET ENGLAND 
TELEPHONE 

LETCHWORTH (04826) 72007 


t Birchover 
instruments Ltd 
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A new, faster way to 
clone or sequence 


From an innovative company, P-L Biochemicals, comes an 
innovative cloning kit. It incorporates the unique, rapid 
system developed by Dr. Messing”, which allows 

cloning and sequencing in one operation. This makes 

it faster and more convenient than prior cloning 
procedures which require many more steps. 


Besides saving time, the P-L M13 Kit offers high 
reliability. Reliability that comes from the 
high quality dideoxynucleotides and 
enzymes produced by P-L Biochemicals, 
and the single-strand universal primer”. 
are ir mA : This primer offers the advantages of 
M 1 3 + A oa : less stringent annealing conditions and 
; i higher specificity. 
i The P-L M13 Kit is without equal, a 
1510 M13 CLONING] reliable timesaver from an innovative 
SEQUENCING KIT k company. Call or write today for full 
~ 20°C Contains MT3mp7 RF, £ coli 7 information, 
strain K12 JM103, T4 DNA 
ligase, Klenow fragment of & coli 
DNA polymerase, universal deoxy- 
oligonucleotide primer, single-strand í 
M1i3mp7 (+) DNA and sufficient buffers * * ‘ A 
and ai for 100 dideoxynucleotide P-L Bioc hemicals, GmbH 
sequencing reactions. Postfach 51, 5401 ST. GOAR, West Germany 
Prices:.1 kit $225.* 5 kits $1,000." Telefon: (06741) 1515, Telex: 42908 PLEIO D 


“Product must be shipped cold, Insulated container In the United Kingdom distributed by: Windsor Laboratori 
and refrigerant charge ~$10. May require air freight. Bedford Ave. Slough, Berkshire, SLL 4RU United Kingdom 


* Messing, J. et al, Nuc. Acids Res. 9,309 (1981), 





A TEXTBOOK ON | KEY INTERFERON 


3500 EAST FLETCHER AVENUE © SUITE 321 
ALGAE ® TAMPA, FLORIDA 33012 


Telex: 522601 


H D KUMAR and H N SINGH 


A volume in the Macmillan International College 
Editions ~ low cost but authoritative books covering 
the history and cultures of the third world. 

A general and comparative account of the structure, 
reproducuon and life history of the most important 
generac of algae common in the tropics. 


- SUPPLYING HUMAN 
* A comprehensive introduction to an = Ng INTEREERONS 
increasingly important field of study | 

* Deals with warm water algae 1 | for 


£7.95 hardcover O 333 260716 


£3.95 paperback O 333 26072 4 CLINICAL TRIALS AND 


LABORATORY RESEARCH l 


For further information contact Robert 
Devereux, The Macmillan Press, Little Essex 
Street, London WC2R 3LF 








MACMILLAN] 


A Division of % 
Southern Medical & Pharmaceutical Corporation 
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Conductivity detector 


ANION and cation analysis down to levels 
below | p.p.m. is possible without pre- 
concentration using the new model 213A 
conductivity detector from Techmation. 
Designed for use with the Wescan 260 ion 
chromatograph, it can also be used as a 
primary detector for a high-performance 
ion analyser. 

Circle No. 106 on Reader Enquiry Card. 


Post-column HPLC 


THE URS 050 post-column reaction system 
has been designed by Kratos for derivatiz- 
ation procedures requiring the addition of 
a single reagent at room temperature (such 
as o-phthalaldehyde). The URS 050 
performs all the necessary reaction steps: 
reagent addition, reagent/sample mixing, 
and reaction delay (to allow sufficient time 
for the derivatizing reaction to occur). 
Circle No. 107 on Reader Enquiry Card. 


Thermocouple heads 


Omega Engineering has developed new 
miniature aluminium heads for its line 
of thermocouple assemblies. Both cor- 
rosion and weather-resistant, they are 
designed to provide maximum protection 
for the electrical terminations of the 
thermocouple and connection to associ- 
ated instruments. 

Circle No. 108 on Reader Enquiry Card. 








Printing Counter/Timer 


16 individual parallel inputs 
microprocessor based 


* Prints results in programmable intervals (1 to 


99 min.) or on demand. 


* Prints clock time: hours, min., sec. 
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Electrophoresis chamber 
THE new Semi-Micro H electrophoresis 


chamber from Gelman Sciences reduces 
buffer consumption to 200 ml per 


chamber. Three support bridges allow | 


| HPLC column heater 


three membranes to be run simultaneously. 
The chamber works equally well with either 
Gelman’s Sepraphore IHI or Super 
Sepraphore membrane, and is designed for 
use with Gelman’s 8- or 4-place applicator. 





Antisera 


UNDILUTED antisera for RIA or non- 
isotopic immunoassay are now available 
from Miles Laboratories in two categories; 
undiluted antisera to hormones (for 
example, thyrotropic hormone) and 
undiluted antisera to drugs (digoxin, 
phenobarbital, gentamicin, tobramycin 
and amikacin). 

Circle No. 110 on Reader Enquiry Card. 








Scintillation cocktail 


To meet the increasing demand for 
laboratory safety, Research Products 
International has developed Safety-Count, 
a new ready-to-use cocktail for liquid 
scintillation counting, designed for high 
efficiency counting of aqueous samples, 
salt-butter combinations and many other 
biological materials. Safety-Count uses a 
100% aromatic hydrocarbon solvent, 
yielding a product with a flash point of 
120°F TCC (tag closed cup). The cocktail 
is packaged in 4-1 amber glass bottles 
covered with an impact-resistant plastic 
coating to reduce the risk of breakage. 
Circle No, 111 on Reader Enquiry Card. 





More precise temperature control is a 
feature of the new column heater from SSI. 
Heaters may be mounted on to existing LC 
equipment but a horizontal mounting 
stand is available. Temperature can be 
controlled manually or by computer, from 
10°C above ambient to 99°C with 0.1°C 
stability and 1°C repeatability; there is a 
105°C positive safety cutoff. In addition to 
the standard 2-column block configuration 
for 15 cm and 25/30 cm '4-inch columns, 
SSI also offers standard heaters with 
blocks for 25/30 cm ‘4-inch and °4-inch 
columns or two 25/30 cm *4 -inch columns. 
Circle No. 1120n Reader Enquiry Card. 


“Magnus” 


Automatic “Open Field”’ 


Animal Activity Meter 


Size: Im x Im 


* Counts pulses or contact closures from 16 
sources. 

* 99999 counts capacity in each channel. 

* Totalizes time from 16 individual inputs with 4 
msec. resolution. 

* Prints individual labels for each source. 

* Stores information on magnetic tape. 

* Functions as general purpose microcomputer. 


“Works on infrared beams principle (15 x 15 
beams). 

“Separate sensors for horizontal and vertical 
movements (rearings). 

*Plots pattern of animal movements on x-y 
plotter, 

* Digitally measures and prints out distance 
animal travels. 

* Separates relocations from scratching. 

* Apple-i} computer interface available. 


T COLUMBUS INSTRUMENTS INTERNATIONAL CORPORATION 
H 950 N. HAGUE AVE., COLUMBUS, OHIO 43204 U.S.A. 


a PHONE: (614) 488-6176 TELEX: 246514 





I 


Circle No.06 on Reader Enquiry Card. 


u 


g. 
COLUMBUS INSTRUMENTS 


959 N. HAGUE AVE. 
COLUMBUS, OHIO 43204, USA 
PHONE (614) 488-6176 TELEX 246-514 











Circle No.07 on Reader Enquiry Card. 











Nature Vol. 292 20 August 198] 








BOOKS RECEIVED 











Biological Sciences 


HARTMANN, H.T., FLOCKER, W.J. and KOFRANEK, A.M. Plant Science. 
Growth, Development and Utilization of Cultivated Plants. Pp.676. ISBN 
0-13-681056-X. (Prentice-Hall International: 1981.) £17.50. 

HOCUTT, C.H. and STAUFFER, J.R. Jr. (eds). Biological Monitoring of Fish. 
Pp.414. ISBN 0-669-03309-X. (Lexington Books, Gower Publishing Company Lid. 
Farnborough, Hampshire, England: 1981.) £20. 

HOFER, M. and HOGGETT, J.G. Transport Across Biological Membranes. 
Pp.184. ISBN 0-273-08480-1. (Pitman Publishing: 1981.) £15. 

HOUSE, M.R. and SENIOR, J.R. (eds), The Ammonoidea. The Evolution, 
Classification, Mode of Life and Geological Usefulness of a Major Fossil Group. 
The Systemics Association Special Vol. No.18. Proceedings of an International 
Symposium held at the University of York. Pp.594. ISBN 0-12-356780-7. 
(Academic: 1981.) £36, $86.50. 

JOINER, J.N. (ed.). Foliage Plant Production. Pp.614. ISBN 0-13-322867-3. 
(Prentice-Hall International: 1981.) £16.20. 

KILDEBERG, P. Quantative Acid-Base Physiology. System Physiology and 
Pathophysiology of Renal, Gastrointestinal, and Skeletal Acid-Base Metabolism. 
Pp.206, ISBN 87-7492-327-7. (Odense University Press: 1981.) Dan. kr. 130. 

KING, A.S. and McLELLAND, J. (eds). Form and Function in Birds, Vol.2. 
Pp.496. ISBN 0-12-407502-9, (Academic: 1981.) £42, $97. 

LIEBERT, R.M. and WICKS-NELSON, R, Developmental Psychology. 3rd 
Edn. Pp.655, ISBN 0-13-208256-X. (Prentice-Hall: 1981.) £12.95, 

LITTAUER, U.Z. etal. (eds), Neurotransmitters and Their Receptors. Based ona 
Workshop Sponsored by the EMBO and the Weizmann Institute of Science, 
Rehovot, February 1980. Pp.570. ISBN 0-471-23893-9, (Wiley: 1980.) £15, $43. 

LLOYD, C. Birdwatching on Estuaries, Coast and Sea. Pp.160. ISBN 
0-7278-2003-6. (Severn House, London: 1981.) £7.95. 

LONGHURST, A.R. Analysis of Marine Ecosystems. Pp.741. ISBN 
0-12-455560-8. (Academic: 1981.) £52, $125. 

MACMILLAN, J. (ed.) Hormonal Regulation of Development I. Molecular 
Aspects of Plant Hormones. Encyclopedia of Plant Physiology New Series, Vol.9. 
Pp.681. ISBN 3-540-10161-6. (Springer-Verlag: 1980.) DM228, $107.70. 

MATHE, G. and MUGGIA, F.M. (eds). Cancer Chemo- and Immuno- 
pharmacology. Part 1, Chemopharmacology. Recent Results in Cancer Research, 
Vol.74. Pp.315. ISBN 3-540-10162-4. (Springer-Verlag: 1980.) DM112, $66.10. 

MATHE, G. and MUGGIA, F.M. (eds). Cancer Chemo- and Immunopharma- 
cology. Part 2, Immunopharmacology, Relations, and General Problems. Recent 
Results in Cancer Research, Vol.75. Pp.260. ISBN 3-540-10163-2. (Springer-Verlag: 
1980.) DM98, $57.90. 

McARDLE, J.E. Functional Morphology of the Hip and Thigh of the 
Lorisiformes. Contributions to Primatology, Vol. 17. Pp.132. Flexi ISBN 
3-8055-1767-X. (Karger, Basel: 1981.) SwFr.32, DM38, $19.25. 

McKINNELL, R.G. ef al. (eds). Differentiation and Neoplasia, Results and 
Problems in Cell Differentiation. A Series of Topical Volumes in Developmental 
Biology, Vol.11. Pp.310. ISBN 3-540-10177-2. (Springer-Verlag: 1980.) DM129, 
$76.20. 

MEYER, J.S. et al. (eds). Cerebral Vascular Disease, 3. Proceedings of the 10th 
International Salzburg Conference, September 1980. Pp.351. ISBN 90-219-0481-0, 
(Excerpta Medica, Amsterdam: 1981.) $62.25, Df1.140. 

MILLER, N.E. and COHEN, G.D. (eds). Clinical Aspects of Alzheimer’s Disease 
and Senile Dementia. Aging Series Vol.15. Pp.357. ISBN 0-89004-326-4, (Raven: 
1981.) $39. 

PERRY, R. Mountain Wildlife. Pp.179. ISBN 0-7099-0247-6. (Croom Helm, 
London: 1981.) £6.95. 

POPPER, A.N. and FAY, R.R. (eds). Comparative Studies of Hearing in 
Vertebrates. Pp.457. ISBN 3-540-90450-3. (Springer-Verlag: 1980.) DM78, $46. 10. 

PROCEEDINGS OF THE (BEIJING) PEKING SYMPOSIUM. Plant Tissue 
Culture. Pp.531. ISBN 0-273-08488-7. (Pitman Publishing: 1981.) £25. 

RAGER, G.H. Development of the Retinotectal Projection in the Chicken. 
Advances in Antomy, Embryology and Cell Biology, Vol.63, Pp.92. Flexi ISBN 
3-540-10121-7. (Springer-Verlag: 1980.) DM52, $30.70. 

READINGS FROM SCIENTIFIC AMERICAN. Genetics, with Introductions by 
Cedric I, Davern. Pp.331, Hbk ISBN 0-7167-1200-8; pbk ISBN 0-7167-1201-6. 
(W.H. Freeman: 1981.) Hbk $19.95; pbk $8.95. 

REEVES, A.L. (ed.). Toxicology: Principles and Practice, Voll. Pp.224. ISBN 
0-471-71340-6. (Wiley: 1981.) £14.20, $31.25. 

REISER, S.J. Medicine and the Reign of Technology. Pp.317. Hbk ISBN 
0-521-21907-8; pbk ISBN 0-521-28223-3. (Cambridge University Press: 1981.) Hbk 
np; pbk £5.95, 

REMMERT, H. Arctic Animal Ecology. Pp.250. Flexi [SBN 3-540-10169-1. 
Springer-Verlag: 1980.) DM37, $21.90. 

RIDDELL, R. Ecodevelopment. Economics, Ecology and Development. An 
Alternative to Growth Imperative Models. Pp.218. Hbk ISBN 0-566-00411-9; pbk 
ISBN 0-566-00427-5. (Gower Publishing, Farnborough, Hampshire: 1981.) Hbk 
£12.50; pbk £7.95. 

SCHAFFER, K.F. Sex Roles and Human Behaviour. Pp.392. ISBN 
0-87626-807-6. (Prentice-Hall: 1981.) £9.70. 

SCHMITT, F.O. ef ai. (eds). The Organization of the Cerebral Cortex, 
Proceedings of a Neurosciences Research Programme Colloquium. Pp.592. ISBN 
0-262-19189-X. (MIT Press: 1981.) $50. 

SCHULZ-SCHAEFFER, J. Cytogenetics. Plants, Animals, Humans. Pp.446. 
ISBN 3-540-90467-0. (Springer-Verlag: 1980.) DM69, $40.60. 

SELZER, R. Mortal Lessons. Notes on the Art of Surgery. Pp.216. ISBN 
0-7011-2558-6. (Chatto & Windus, London: 1981.) £8.50. 


SENGER, H. (ed.). The Blue Light Syndrome. Pp.465. ISBN 3.540-i00)75-X., 
(Springer-Verlag: 1980.) DM98, $57.90. 

SKOOG, F. (ed.). Plant Growth Substances 1979. Proceedings of the 10th 
International Conference, Madison, Wisconsin, July 1979. Pp.$27. ISBN 
3-540-10182-9, (Springer-Verlag: 1980.) DM98, $37.90. 

SPERLINGER, D. (ed.). Animals in Research. New Perspectives in Animal 
Experimentation. Pp.373. ISBN 0-471-27843-2. (Wiley: 1981.) £16.50, Sis. 

STRAUSFELD, N.J. and MILLER, T.A. Neuroanatemical Techniques: Jasect 
Nervous System, Pp.496. ISBN 3-540-90392-5. (Springer-Verlag: 1980.) DMO, 
$57.90. 

USDIN, E., BUNNEY, W.E. Jr. and DAVIS, J.M. (eis), Neurareeeptors Basic 
and Clinical Aspects. Based on Symposia held at the American College of 
Neuropsychopharmacology Annual Meeting, December 1979. Pp.279, ISBN 
0-471-27876-9. (Wiley: 1981.) Np. 

WAGNER, J.C. (ed.). Biological Effects of Mineral Fibres, VoL 1, Proceedings of 
a Symposium held at the International Agency for Research on Cancer, Í 
France, September 1979, Pp.494, [SBN 92-832-1130-8. (International Agency for 
Research on Cancer, Lyon: 1980.) SwFr.60, $33. 

WHALLEY, P. Butterfly Watching, Pp.160. ISBN 0-7278-2002-8, (Severn 
House, London: 1980.) £7,95. 

WILSON, R. The Back Garden Wildlife Sanctuary Book, Pp.152. Flexi ISBN 
0-14-046-915-X. (Penguin: 1981.) £2.95, 

YOUDIM, M.B.H. ef al. (eds), Essays in Neurochemistry and 
Neuropharmacology, Vol.5. Pp.153. ISBN 0-471-27879-3, (Wiley: 1981.) £16.50, 








Applied Biological Sciences 


CAVALLA, J.F. (ed.). Risk-Benefit Analysis in Drug Research. Proceedings of 
an International Symposium held at the University of Kent at Canterbury, England, 
March 1980, Pp.197. ISBN 0-85200-364-1. (M.TUP., Lancaster, England: 1981.) 
£14.95. 

COLLINS, C.H. et af (eds), Disinfectants: Their Use and Evaluation of 
Effectiveness. The Society for Applied Bacteriology Technical Series, No. 16, 
Pp.230. ISBN 0-12-181380, Academic: 1981.) £16, $38.50. 

FIECHTER, A. (ed.) Advances in Biochemical Engineering, Vol.17. Products 
from Various Feedstocks. Pp.172. ISBN 3-540-09955. (Soringer-Verlag: 1980.) 
DM76, $44.90, 

FIECHTER, A. (ed.). Advances in Biochemical Engineering, Voli8. Plant Cell 
Cultures H. Pp.193. ISBN 3-540-09936-0. (Springer-Verlag: 1980.) DM76, $44.90. 


General 


BRODA, E. Einstein und Österreich. Pp.29. ISBN 3-7001-0371-9, (Verlag der 
Österreichischen Akademie der Wissenschaften: 1980.) DMT. 

CARMAK, R.M. The Quiché Mayas of Utatlan, The Evolution of a Highland 
Guatemala Kingdom, Pp.435. ISBN 0-8061-1546-7. (University of Oklahoma Press: 
1981.) $24.95, 

CHRISTEN,Y. Le Grande Affrontement Marx et Darwin, Pp.268. Flexi ISEN 
2-226-01128-5. (Alben Michel, Paris: 1981.) Np. 

CONOLLY, B. Techniques in Operational Research, Vol.2, Models, Search and 
Randomization. Pp.338. ISBN 0-85312-240-7. (Wiley: 1981.21.50, $56.75. 

DUNCAN, A.S., DUNSTAN, G.R. and WELBOURN, R.B. (eds). Dictionary of 
Medical Ethics. Revised and enlarged edn. Pp.459. ISBN 0-232-31492-3, (Darton 
Longman & Todd, London: 1981.) £12,50. 

DUNCAN, §.5. (ed.), Qualitative Change in Human Geography. Pp.130. ISBN 
0-08-025222-2, (Pergamon: 1981.) £13, $29. 

EESLEY, G.L. Coherent Raman Spectroscopy. Pp.142. ISBN 0-08-025058-0, 
(Pergamon: 1981.) £17, $40. 

FISH, M. A Flower for Every Day, Pp.208. Hbk ISBN 0-571-11776-7; pbk ISBN 
0-571-11738-4. (Faber & Faber, London: 1981.) Hbk £5.95; pbk £3.30. 

FROMKIN, V.A. (ed.). Errors in Linguistic Performance. Slips of the Tongue, 
Ear, Pen, and Hand. Pp.334. ISBN 0-12-268980-L. (Academic: 1980.) $26.50. 

GILLISPIE, C.C. Science and Policy in France at the Endcof the Old Regime. 
Pp.601. ISBN 0-691-08233-2. (Princeton University Press: 1981.) £22, 30. 

GLEGG, G.L. The Development of Design. Pp.80. ISBN Q-521-23794-7, 
(Cambridge University Press: 1981.) £7.50. 

GRAHAM, J.T. British Megaliths: A Bibliographic guide. Pp.24. Pbk ISBN 
0-85267-143-1. (Hertis, The Library, Hatfield Polytechnic, Hatfield: 1981.49 Pbk £1. 

GRESSER, J., FUJIKURA, K. and MORISHIMA, A. Environmental Law in 
Japan. Pp.525. ISBN 0-262-07076-6. (MIT Press: 1981.) $60. 

HEISER, C.B. Jr. Seed to Civilization. The Story of Food. 2nd Edn. Pe.254. HOR 
ISBN 0-7167-1264-4; pbk ISBN 0-7167-1265-2. (W.H. Freeman: 1981.) Hbk $19.95; 
pbk $9.95. 

HEPBURN, H.R. and MITCHELL, G. Milk and Honey. Pp.108. Flexi ISBN 
0-444-80272-X. (Elsevier/North-Holland Biomedical: 1981.) Flexi $24.30, DFL40. 

HIX, J. The Glass House. Pp.208. Hbk ISBN 0-262-08075-1; pbk ISBN 
0-262-58044-6. (MIT Press: 1981.) Hbk np; pbk $9.95. 

HOLMES, H.B., HOSKINS, B.B. and GROSS, M. feds). Birth Contre! and 
Controlling Birth. Women-centred Perspectives. Pp. 338. Hbk ISIN 0-89605-022-0; 
pbk ISBN 0-89603-023-7. (The Human Press, Clifton, New Jersey: T981) Hbk 
$14.95; pbk $7.95. 

HORNBY, P. ef al, Guidelines for Health Manpower Planning, a Course Book, 
Pp.370. ISBN 92-4-154156-3. (World Health Organisation, Geneva: 1980.) 
SwFr.26. 











oo Chase Cancer 





r 


ature Vol. 292 20 August 198 








“NATURE FIED 


a 








LONDON OFFICE Jean Neville 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) 





AMERICAN OFFICES NEW YORK Cathy Moore 15 East 26 Street, New York, NY 10010 — Telephone (212) 689 5900 
PHILADELPHIA Dan Adams (215) 353 6191 @ SAN FRANCISCO JJHS (415) 392 6794 
PASADENA JJHS (213) 796 9200 @ DALLAS Roy McDonald (214) 941 446! 
HOUSTON Roy McDonald (713) 988 5005 @ FORT LAUDERDALE Brinker & Brinker (305) 771 0064 
Sts ia ; CHICAGO Didier & Broderick (312) 498 4520 @ BOSTON CEL Assoc (617) 848 9306 
CANADIAN OFFICE TORONTO Peter Drake 32 Front Street West, Suite 201 Toronto, Ontario MSJICS Telephone (416) 364 1623 
RATES UK — £9.20 per centimetre. Minimum 3 om, £1 is charged for the re-direction of replies to advertisements with a box number. 
USA and Canada — $50.00 U.S. per inch. $3 U.S. is charged for the re-direction of replies to advertisements with a box number, 

Rest of world —- £9.20 per centimetre. Minimum 3 cm. £1 is charged for re-direction of replies to advertisements with a box number. 
CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his 
absolute discretion and whout explanation, The Publishers will not be liable for any loss occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 





RESEARCH Associate position in 
Cellular Immunology available im- 


“mediately in the laboratory of Dr 


Donald E Mosier. Work involves the 
use of an existing panel of mono- 
“clonal antibodies FACS analysis to 
“characterize human B lymphocyte 
differentiation and function. 
Candidates should possess a PhD 
“and/or MD and have prior ex- 
perience in immunology. Familiarity 
with human lymphoid malignamcies 
is highly desirable. Send curriculum 
vitae and three letters of reference to: 
Mary T Dixon, Personnel Dept, The 
Institute for Cancer Research, Fox 
Center, 7701 
oo Burholme Ave, Phila, PA 19111. 
“Equal Opportunity/Affirmative 
Action Employer. (NW827)A 





SENIOR Scientific Officer with good 
practical experience in HLA typing 
required to take technical charge of 
busy routine laboratory associated 
with a large Bone Marrow Donor 
Register. Work necessitates close 
collaboration with hospitals engaged 
in bone marrow transplantation and 
with departmental research projects. 
Ability to maintain high laboratory 
technical standards essential. Salary 
scale £5,500 to £7,110 plus London 
Weighting. Please write in first 
instance with CV ta D C O James, 
Anthony Nolan Laboratories, St 


Mary Abbots Hospital, Marloes 
Road, London W8, (Tel: 01-937 
2660). (9392)A 





seeks a 


€ nature 


WASHINGTON 
CORRESPONDENT 





to succeed David Dickson, who will be leaving his post in 
Washington on 31 March 1982. The post is central to 
Nature's reporting of developments affecting science in 
North America and elsewhere. 

Applicants should be English-speaking, preferably with 
some first-hand knowledge of the United States and 
should also have 

* a university degree (preferably in science) 

* at least two years’ experience of written journalism 
(preferably with a weekly or daily periodical, but not 
necessarily scientific) 

* a broad interest in current affairs. 

The successful applicant will be employed by Nature 
America Inc., initially for a fixed term (to be negotiated). 
To allow for a spell in the London office of Nature anda 
period of overlap in Washington, applicants should be 
able to be free no later than 1 March 1982. 

Salary, travel allowances and other conditions of 
employment by negotiation. 

Applications, including a full curriculum vitae, 
should be plainly marked “Job application” and 
addressed to the Editor, Nature, Macmillan 
Journals, 4 Little Essex St, London WC2R 3LF or 
Nature, 15 East 26 St, New York, NY 10010, to arrive 
before 30 September 1981. (9324)A 

















LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 
Keppel Street (Gower Str) 
London WCIE 7HT 
DEPARTMENT OF MEDICAL 
PROTOZOOLOGY 
RESEARCH FELLOW 
GRADE RIb 
Applications are invited from good 
honours graduates in biological 
sciences having experience in 
parasitology and/or pharmacology 
for a post to work with Professor W 
Peters for up to three years on the 

chemotherapy of Leishmaniasis. 
Salary will be in the range £5,285 —- 
£7,700 plus £967 London Weighting 
per annum. 
Applications, consisting of full 
curriculum vitae and naming two 
referees, should be sent to Mr MR 


Morris, Senior Assistant Secretary at 
the School. (9348)A 





THE ROWETT 
RESEARCH INSTITUTE 
Bucksburn, Aberdeen AB2 9SB 
RESEARCH WORKER 
Required to join a team investigating 
the use of anaerobic digesters in 
controlling pollution, and generating 
energy, from wastes originating in 
agriculture or agriculture-based 

industries. 


Candidates should be interested in 
practical application as well as the 
more fundamental aspects of micro- 
biological processes. 


Applicants should possess a degree 
or HNC in a biological subject or in 
agricultural engineering with bio- 
logical interests. 


Appointment in the Scientific 
Officer grade (£4,809 to £6,480) or 
Higher Scientific Officer (£6,075 to 
£7,999 pa, scales subject to recent 
Civil Service award) starting salary 
according to qualifications and 
experience. At least five years post 
qualifying experience is required for 
HSO grading. Non-contributory 
superannuation scheme. 


Applications, with full curriculum 
vitae, including the names of two 
referees should be sent to the 
Secretary of the Institute by 25 
September 1981. (938534 
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| 





UNIVERSITY OF LONDON 
Institute of Neurology & 
Charing Cross Hospital 

MEDICAL SCHOOL 
POSTDOCTORAL 
RESEARCH ASSISTANT 
NEUROBIOLOGY / 

NEUROPHARMACOLOGY 

required for a 3 year project, 
financed by the MRC, on neuro 
transmitters interactions in the 
nucleus accumbens. Biochemical and 
behavioural methods will be em- 
ployed and experience in one or both 
areas would be an advantage. 


Appointment will be for one year 
in the first instance. Salary on the 1A 
range for Research and Analagous 
Staff. 


Apply with CV and names of twe 
referees to Dr J de Belleroche, 
Department of Biochemistry, Charing 
Cross Hospital Medical School, 
Fulham Palace Road, London W6. 

(9349)A 





UNIVERSITY OF 
CALIFORNIA 
Los Angeles 
Tenure Faculty Position 
ASSOCIATE OR FULL 
PROFESSOR IN THE FIELD 
OF PLANETARY 
ATMOSPHERES 


A position has become available for ¢ 
joint appointment in the Departmers 
of Atmospheric Sciences and the 
Institute of Geophysics anc 
Planetary Physics. 


Preference will be given to Senior 
Scientists with recognizer 
accomplishments, whose interests are 
in global atmospheric compositicr 
and evolution of planetary 
atmospheres. 


The position will require tae 
successful candidate to develop s 
strong research program. A 
moderate teaching load will be 
expected in the Department ol 
Atmospheric Sciences. 


Applicant deadline: 30 November 
1981. Please send résumés to Hans 
Pruppacher, Chairman, Departmen: 
of Atmospheric Sciences, University 
of California, Los Angeles 
California 90024. An Equa 
Opportunity/Affirmative Actor 
Employer. (NWX796)A 
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Research opportuni 














with ELI LILLY 





Eli Lilly and Company is one of the world’s largest 
producers of clinical pharmaceuticals, animal health and 


agrochemical products. 


At our U.K. Research Centre, situated near Camberley in 
Surrey, we are actively engaged in basic research on a 
variety of projects and we currently have three vacancies 


within our research teams. 


PHARMACOLOGIST 


An experienced pharmacologist (Ph.D or B.Sc.) with an 
interest in the immune system is required to participate in 
an inter-active programme exploring the pharmacology of 
cytokines and effector substances. 


BIOCHEMICAL PHARMACOLOGIST 


A recent graduate biochemist/pharmacologist is required 
in our Central Nervous System Research Group. This multi- 
disciplinary group is primarily interested in the 





development of novel anti-psychotic drugs, and the 
successful candidate will be expected to continue existing 
projects and to initiate areas of novel research. 


BIOLOGIST/IMMUNOLOGIST 


A recent graduate (or H.N.C, equivalent) is required in our 
multi-disciplinary Immunology Research Group to work in 
areas of T-cell function, and antigen presentation and 
delayed-type hypersensitivity and to collaborate in 
hybridoma technology. Experience in tissue culture and/ 
or various immunological techniques would be an 


advantage. 


For all these positions, a highly competitive salary is offered 
together with a non-contributory pension and life 
assurance scheme, subsidised B.U.P.A., 21 days’ holiday, 
flexible working hours and relocation expenses where 


applicable. 


Please write to: Miss S. M. Smith, Peronnel Manager. 


LILLY RESEARCH CENTRE LIMITED 


ERL WOOD MANOR, WINDLESHAM, SURREY. TEL: (0276) 736 








[== | 
THE UNIVERSITY 
OF SHEFFIELD 
DEPARTMENT OF PHYSICS 


Applications are invited from 
men and women for an 

SERC POSTDOCTORAL | 

RESEARCH ASSISTANT | 
to study the atomi structure of | 
metallic alloy glasses, using 
neutron and X-ray diffraction 
techniques. The post involves 
joining an established group 
investigating both chemical and 
topological aspects of metallic 
glass structure. The neutron 
experiments will be made at AERE, 
Harwell and the ILL Grenoble. The 
work arises from collaboration 
between Dr N Cowlam, Department 
of Physics, and Dr H A Davies, 
Department of Metallurgy and | 
forms part of a wider programme of | 
research on metallic glasses whose 
properties are currently of 
particular scientific and tech- 
nological interest. Tenabie for three 
years. Initial salary in the range 
£6,070 — £6,880 a year. Experience 
in neutron diffraction or in structu- 
ral studies of amorphous materials 
an advantage. 
Applications including curriculum 
vitae, and the names of two 
referees should be sent, as soon as 
possible to Dr N Cowlam/Dr H A 
Davies, c/o Department of Phy- 
disies, The University, Sheffield $10 
ZTN. Quote Ref. R/627/G. 

(9345) 











it 





A search is being conducted for 
an individual to fill an endowed 
PROFESSORSHIP 
in the 
DEPARTMENT OF TROPICAL 
PUBLIC HEALTH 
We will consider candidates who are 
actively utilizing modern biological 


approaches to understand and | 


combat tropical diseases, particularly 
those caused by parasites. Preference 
will be given to persons whose 
expertise includes the biology and 
biochemistry of membranes. 


The person to be selected should be 
willing to interact with members of a 
multi-disciplinary department which 
includes molecular biologists, 
immunologists, cell and vector 
biologists, be able to establish 
working relationships with epi- 
demiologists and field research 
workers, and be interested 
teaching at the graduate and post 
graduate level. 

Harvard University is an Equal 
Opportunity Employer committed to 
an Affirmative Action Program. 


Send curriculum vitae, 
graphy and three (3) references to: Dr 


Konrad Bloch, Chairman, Search | 


Committee, Department of Nutri- 
tion, Harvard School of Public 
Health, 665 Huntington Avenue, 
Boston, Massachusetts, 02115. 
(NWB28)A 
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LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 
Keppel Street (Gower Str) 
London WCIE 7HT 


Under a joint agreement between the 
Wellcome Foundation Limited and 
the London School of Hygiene and 
Tropical Medicine, a new laboratory 
is being formed to study the chemo- 
therapy of protozoan diseases, 
particularly leishmaniasis and 
Chagas’ Disease. The work of the 
laboratory will be under the direction 
of Dr R A Neal and located in the 
Department of Medical Protozoo- 
logy (Professor W Peters). 


A POSTDOCTORAL 
FELLOW 


is now required to continue studies in 
progress on leishmaniasis chemothe- 
rapy. Applicants should have 
completed a PhD degree on aspects of 
parasitic protozao, eg biochemistry, 
that would be of relevance to the 
chemotherapy of these organisms. 
Experience in culture techniques 


| would be an advantage. The appoint- 


ment would be for up to three years. 


The salary will be in the range 
£6,070 — £10,575 plus £967 London | 
Weighting per annum. 


Applications, consisting of full 
curriculum vitae and naming two 
referees, should be sent to the Senior 
Assistant Secretary at the School. 

(354A 
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| HEINEMANN EDUCATIONAL 
| BOOKS 


require an experienced 
DESK EDITOR 


to work in their Science and Mathe- 
matics department on all aspects of} 
the publication process from | 
receipt of manuscripts in-house 
through to publication inchacing 
liaison with authors, marking up, ] 
commissioning artwork, proof 


i | 
{ 
l reading, 


| ticity material. The editor wili work 


Manager and generation of pub- | 
| | closely with e small tearm n 


| | inthe expansion of HEB’s success- 


| ful science and mathematics lists at | 
i primary, secondary and tertiary) 
| levels, There is coneideramg oppor | 
| tunity to become involved in thel ne 
E development ef new projects. EE 
| The job would sult a graduate ait 
| science or mathematicg with at 
| 


least three years’ relevant exper o 





| ence in publishing. 


| Salary will be at least £6,200, | a 


lor more, commensurate 


experience. 


With: 


Applicants should write to Graham | | 


| 

| 

| Taylor with full details of carear to 
| date. 

| Heinemann 
Educational Books, 

l 22 Bedford Square, 

i London WC1B IHH. 
(9388) A 

a 





liaison with the depart.) 
| mental Production and Designj 











q 
|Biophysicist, I ) 
jBioengineer 

Are you the 


| seasoned professional to 
pilot our new venture? 


if so, you'll have full responsibility for the development and 
sales positioning of a new business activity and you'll be 
applying your knowledge of cell culture and fermentation to 
the design, manufacture and marketing of diagnostic 
instrumentation and allied materials/equipment. 


You'll need several years of solid experience in an industrial/ 
educational environment ... with emphasis on the 
formulation and packaging of biological/medical 
commercial applications . . . as well as an advanced degree 
in biophysics or bioengineering or its equivalent. 
_The new technology is fully developed . . . all ready for your 
implementation. Our compensation and benefits are liberal 

. and your future will grew along with the project's 


success. 
Please send resume and salary history to: 
BOX No NW804 Nature, 
15E 26 St, New York 
NY 10010 (NW824)A 


An Equal Opportunity Employer 





NORTHGATE 


EXPLORATION 


Northgate Exploration Limited, through its subsidiary Irish Base 
Metals Limited, is involved in extensive exploration programmes in 
ireland. In order to supplement its existing team Irish Base Metals 
Limited has vacancies for the following positions. 


JUNIOR EXPLORATION GEOLOGIST 


Applications are invited from recent graduates in geology or an 
equivalent qualification. 


EXPLORATION GEOLOGIST | 


Applications are invited from geologists with 3-5 years experience in 
exploration for base metals and a strong background in 


geochemistry, geophysics and drill supervision. 


EXPLORATION GEOLOGIST II 


Applications are invited from geologists with 3-5 years experience in 
exploration for base metals in carbonate environments. For this 
position a strong background in carbonate petrology and statistics 
would be an asset. 


SENIOR EXPLORATION GEOLOGIST 


Applications are invited from geologist with 7-10 years experience in 
mineral exploration involving a variety of geological environments, 
particularly carbonates. For this position proven ability of crew 
supervision and conceptual thinking is essential, 


Salaries and conditicns of employrnent will be discussed at 
interview. Applications quoting references and including 
comprehensive curriculum vitae should be forwarded to: Mr Sean 
Egan, Administration Manager, Irish Base Metals Limited, 162 
Clontarf Road, Dublin 3, Ireland. (9362)A 














UNIVERSITY OF LONDON 


DEPARTMENT OF 
BIOCHEMISTRY 


St. Thomas’s Hospital 
Medical School, 
London, SEI 7EH 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited from Post- 
doctoral Biochemists to work on a 
project supported by the British 
Diabetic Association to investigate 
the mechanisms of sugar transport 
into brain synaptosome prepar- 
ations. The appointment is available 
from 1 October 1981. 

Applications, accompanied by a 
curriculum vitae and the names of 
two referees, should be sent to 
Professor H S Bachelard, Depart- 
ment of Biochemistry, St Thomas’s 
Hospital Medical School, London 
SE17EH. (9365)A 


READVERTISEMENT 
MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
St John’s, Newfoundland, 
Canada 
DEPARTMENT OF 
COMPUTER SCIENCE 
HEAD 


Applications are invited for the 
position of Head, Department of 
Computer Science in the Faculty of 
Science, Memorial University of 
Newfoundland. Position to be filled 
as soon as possible. 


Candidates should have demon- 
strated teaching and scholarly 
research abilities indicative of senior 
rank, witha fairly broad background 
in computer science and the capabili- 
ties of exercising academic and 
administrative leadership. A PhD in 
Computer Scienee or related area is 
required. 


The Head would be responsible for 
developing future research pro- 
grams, including the introduction of 
a PhD program. An MSc program is 
already in existence. The under- 
graduate program is well established 
and is rapidly expanding with 


approximately three hundred full- 


time majors. At present there are nine 
full-time faculty members with 
additional post to be created. In 
addition there are several part-time 
Sessional Lecturers. 


Departmental Computing facilities 
include a VAX 11/780 currently 
running under UNIX Version 7 
Operating System and a PDP 11/34 
and 11/10 also under UNIX. A large 
number of terminals, graphics equip- 
ment and other facilities are also 
available. 


Canadians or Landed Immigrants 
will be given first preference. Salary is 
negotiable. 


Please send curriculum vitae and 
the names of three references to: Dr 
P J Heald, Dean of Science, Chemistry- 
Physics Building, C-335, Memorial 
University of Newfoundland, St 
John’s, Newfoundland AIB 3X7, 
Canada. (NW823)A 
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FRESHWATER 
BIOLOGICAL ASSOCIATION 
BIOMETRICIAN/ 
STATISTICIAN 


required for Windermere Laboratory 
to initiate research in biometry as 
applied to pupulation dynamics of 
benthos, plankton and fish, sampling 
freshwater organisms and chemical/ 
physical variables and experimental 
studies in collaboration with bio- 
logists and chemists. Minimum of 2.1 
honours degree in statistics/bio- 
metry/mathematics or science degree 
plus statistical training or experience. 
Conditions analogous to HSO/SSO 
in Civil Service, starting salary 
between £6,075 and £7,644 pa. 


Full details: Secretary, FBA, The 
Ferry House, Ambleside, Cumbria 
LA22 OLP (096 62 2468). Closes 7 
Sept. (9314)A 





a 
AUSTRALIA 


New South Wales 


Department of Agriculture 


Senior Livestock 
Research Officer 


Agricultural Research 
Station, Trangie, N.S.W. 
POSITION NO AG. 81/247 


Salary: A$21,779 range 
AS$24,690. 

Qualifications: Essential — 
Post-graduate degree in Animal 
Breeding and Genetics. 
Duties: Responsible for direct- 
ing and supervising the N.S.W. 
Department of Agriculture's 
Merino breeding activities. 
Successful applicant will have a 
major research programme on 
the inheritance of production 
characters in Merino sheep 
especially on the inheritance of 
wool production. 

In addition will be responsible 
for development of breeding 
programmes in collaboration 
with Sheep and Wool Advisory 
Officers. Sheep breeding is part 
of a multi disciplinary animal 
production research group 
located at Trangie. This group 
has good laboratory and 
statistical support. 
Accommodation: Single 
Officer accommodation or 
house for married applicant is 
available at the Research 
Station. 

Inquiries: (Sydney (02) 
217-5262 (Dr. G.E. Robards) 
Inspection of work location 
prior to interview is welcome. 
Applications on form 59 avail- 
able from any N.S.W. Govern- 
ment Office are invited from 
persons irrespective of sex, 
race, marital status or physical 
impairment. Envelopes con- 
taining applications should be 
clearly marked ‘‘Confidential- 
Position No. Ag. 81/247 and 
forwarded to Personnel 
Resources Branch, Level 10 
McKell Building, Rawson 
Place, Sydney. 2000, N.S.W., 
Australia by 11th September, 
1981. 





(9382)A 





Nature Vol. 292 20 August 1981 


ai 





For the innovative, 








theres no place 





Discover creative 
freedom with 
the innovators in 
medical diagnostics. 


We believe that talent, creativity and determination 
aren't worth much without a good place to use them. So 
over the years, Syva has been committed to providing our 
people with an environment conducive to creative free- 
dom and independent thinking. And that philosophy has 
been an overwhelming success in turning medical diag- 
nostic concepts into practical, life-giving contributions. 

Syva’s proprietary products are used for the 
measurement of therapeutic drugs, endogenous sub- 















quite like 








yva. 


stances and abused drugs in the body, with continued 
research and development efforts promising many more 
applications. And the formation of our new Instrument 
Division will ensure that Syva flourishes as a full-service 
organization, providing instruments, as well as reagents, 
service, and education to our customers. 

Just as our accomplishments in the past are the 
result of innovative contributions from highly skilled pro- 
fessionals, Syva's continued growth and success depend 
on more of the same—more innovations from talented 
microbiologists, biochemists, organic chemisis, technical 








_ service representatives and sales representatves. And 


since we're depending on whole-hearted determination to 
continue our success, our people depend on us for one 
of the most attractive work environments in the industry. 

From a style of participatory management that 
encourages free and open discussion to the most 
advanced facilities in the business; from the beautiful San 
Francisco Bay Area’s wealth of cultural and recreationa! 
resources to competitive salaries and benefits. when you 
explore a career with Syva you'll find a place where your 
personal and professional aspirations can flourish. 

Most importantly, you'll find a place where exciting 
innovations in a variety of fields are encouraged to 
take shape. 

Please send your résumé, in complete confidence, 
to Professional Employment, Syva Company, 900 Arastra- 
dero Road, Palo Alto, CA 94303. We're committed to an 
equal opportunity hiring policy, m/f/h 


Syva = Noplace like it. 


Syva / a Syntex company 


INWESTIA 
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Scientists/ 
Engineers 


Genentech, Inc.. a leader in the field of recombinant 
DNA research and manufacturing. is currently accepting 
applications for Research Associates. Scientists. and 
Engineers in the following disciplines 


¢ Protein Biochemistry 

* Process Development 

* Industrial Microbiology 

* Biochemical Engineering 
* Chemical Engineering 


Located on the beautiful San Francisco peninsula, we 
offer our employees excellent compensation and 
benefits, complemented by a stimulating, multe disci 
plinary environment. To arrange interview appointment 
at the ACS Meeting August 23 - 27, please see our 
Representative at the Employment Clearing House at 
the Sheraton Center. Those unable to attend should 
send their curriculum vitae/resume with the names of 
three references to Professional Employment/#12-109. 


Genentech, Inc. 


460 Point San Bruno Boulevard 
South San Francisco, CA 94080 


We are an equal opportunity employer m/t INW833)A 








BIOTECHNOLOGISTS 


Graduates (2) and Technicians (2) are required by Cambridge 
Life Sciences Ltd, a new British biotechnology company 
based at the Cambridge Science Park, England. 


The successful candidates will have had considerable experi- 
ence of commercial scale biochemical production, 
particularly enzymes, and be familiar with the problems of 
scale-up from bench to pilot plant, 


This is an excellent opportunity for scientists with initiative to 





THE WEIZMANN INSTITUTE OF SCIENCE 
ISRAEL 


POST-DOCTORAL 
POSITION AVAILABLE 


For electrophysiological studies in procaryotic cells, to learn the 
mechanisms of sensory transduction. 


Applicants should have a PhD degree. Preference will given to those 

having research experience in electrophysiology or in measuring 

membrane potential using optical techniques. 

Applications or requests for more details should be 

addressed to: The Weizmann Institute of Science, 

Membrane Research Department, 76100 Rehovot — Israel. 
(W405)A 











UNIVERSITY OF GUELPH 


DEAN OF THE COLLEGE OF 
BIOLOGICAL SCIENCE 


Nominations and applications are sought for the position of Bean of 
Biological Science which will become vacant on 1 July, 1982. The 
College of Biological Science consists of the Department of Botany 
and Genetics, Microbiology, Nutrition, and Zoology, and the 
School of Human Biology and has approximately 90 faculty 
members. Approximately 2,000 students are enrolled in the under- 
graduate programmes in the College with 150 graduate students in 
Masters and PhD programmes. Research projects in the College 
cover a wide spectrum and attract considerable external funding. 
Strong academic leadership qualities and distinguished scholarly 
reputation, together with previous teaching and administrative 
experience are requirements for the position. 


Applications and nominations should be sent by October 31, 


1981 to: Dr. H. C. Clark, Vice-President, Academic, University 
of Guelph, Guelph, Ontario, Canada N1G 2W1. (NW825)A 








stimulating and pleasant environment. 
Salaries are negotiable according to qualifications and 


experience. 


Please write, enclosing full CV to: 


Dr M. Gronow 


CAMBRIDGE LIFE SCIENCES LTD 


Science Park 
Milton Road 


| work in this new and rapidly developing technology in a 
| 


Cambridge CB4 4BH 


or phone 0223 835221 











BIOPHYSICIST/ 


MOLECULAR 
GENETICIST 


The Donner Laboratory, Lawrence 
Berkeley Laboratory, is seeking a 
Biophysicist/Molecular Geneticist 
to lead a research program designed 
to investigate the fundamental 
nature of mutational events in 
mammalian cells. Applicants should 
have a doctorate and an established | 
record of creative research in the 
molecular mechanisms of mutation 
and altered gene expression. 
Research experience in the effects 
of ionizing and ultraviolet radiation, 
and chemical mutagens and carci- 
nogens on mammalian genomes is 
also desirable. Salary will depend 
on the level of achievernent and 
professional maturity. Applications 
must be received by September 30, 
1981. 

Send curriculum vitae, publications 
list, and names. and addresses of at 
least two references to: Dr Eleanor 
A. Blakely, Chairman, Biophysicist 
Search Committee; c/o Mr Ron 
Lowder, Lawrence Berkeley Labo- 
ratory, Personnel Office, One 
Cyclotron Road, Berkeley, CA 
04720. An Affirmative action, equal 
opportunity employer, M/F/H, 





ypg 


awrence Berkeley Laboratory 


Umversity of Callorna © Berkeley Cahforma $4720 
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READVERTISEMENT 
MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 


St John's, Newfoundland, 
Canada 


COMPUTER SCIENCE 
ASSISTANT/ASSOCIATE 
PROFESSORSHIPS 


Applications are invited for full- 
time, ternure-track appointments at 
the rank of Assistant or Associate 
Professor level, to commence at the 
earliest possible date. Applicants 
should have a PhD or nearing 
completion of a PhD in Computer 
Science. Specialization in the areas of 
computer graphics, microprocessors, 
computer systems, data base systems 
or programming languages would be 
highly desirable. 


Responsibilities will include 
teaching at the undergraduate and 
graduate levels, research and some 
committee work, 


Departmental computing facilities 
include VAX 11/780 currently run- 
ning under UNIX Version 7 Operat- 
ing System and a PDP 11/34 and 
11/10 also under UNIX. A large 
number of terminals, graphics 
equipment and other facilities are 
also available. 


Canadians or Landed Immigrants 
will be given first preference. Salaryis 
negotiable, 


Please send curriculum vitae and 
names of three references to: Prof J 
M Foltz, Acting Chairperson, Depart- 
ment of Computer Science, Memorial 
University of Newfoundland, St 
John’s, Newfoundland AIC 557, 
Canada. (NW822)& 
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Recombinant DNA 
Technology 


Armos Corporation 
due to expansion of its laboratories, is seeking additional PhD’s 


familiar with: 


* Nucleic Acids Synthesis 
Expression of Polypeptides in Bacteria or Yeast 
Virology 
Immunology 


Protein Chemistry. 


Qualified candidates will play an important role in the growth of 
the firm while doing research in this exciting field. 


ARMOS offers an outstanding salary and benefits package, plus 
an attractive equity participation program. Female and minority 
applicants are encouraged to apply. 


Please send curriculum vitae, reprints of pertinent 
publications, and letters of recommendation to ARMOS 
CORPORATION, 180 Kimball Way, South San Francisco, 


California $4080. 


UNIVERSITY OF 
MELBOURNE 
FACULTY OF 

ENGINEERING 
APPROPRIATE 
TECHNOLOGY 
COORDINATOR 


Applications are invited for the 
above-mentioned post at the level of 
Lecturer/Senior Lecturer (Limited 
Tenure). The appointment will be for 
three years commencing Ist 
December, 1981 or as soon as 
possible thereafter. 


The Appropriate Technology Sec- 
tion was established to encourage and 
coordinate activity in the Faculty of 
Engineering in the technologies 
appropriate to the needs of 
developing countries, both in 
education and training and through 
research and development work. The 
Section is responsible for the 
Master’s Programme in Develop- 
ment Technologies. 


Applicants should have a degree in 
engineering or applied science, and 
have had professional experience in 
developing countries and a strong 
interest in their problems. Teaching 
experience is expected, and ex- 
perience in some field of appropriate 
technology is desirable. 


Salary in the ranges $A19,821 — 
$A26,037 and $426,593 — $A30,995 
per annum. 


Further details of the position are 
available from the Dean of the 
Faculty of Engineering. 


Further information regarding 
details of application procedure and 
conditions of appointment, is 
available from the Staff Officer, 
University of Melbourne, Parkville, 
3052, Victoria, Australia, or from the 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 


Applications close on 30 
September 1981. (935A 








(NW821)A 








KING'S COLLEGE LONDON 
DEPARTMENT OF 
BIOPHYSICS 
POSTDOCTORAL RESEARCH 
ASSISTANT 
Applications are invited for a post- 
doctoral research assistantship to 
study the regulation of globin gene 
expression during the development 
of the frog, Xenopus laevis. 
Expertise in Molecular biology and 
a knowledge of vertebrate deve- 
lopment would be beneficial. Post 
tenable for up to 3 years from 1 
October 1981. Salary in the range 
£6,475 — £7,700 pa plus £967 

London allowance. USS. 

Apply in writing as soon as possible 
with a curriculum vitae and the 
names and addresses of two 
referees, to Dr R K Patient, Imperial 
Cancer Research Fund, Mill Hill, 
London NW7 1AD. 


RESEARCH TECHNICIAN 
(Grade 3) 


Applications are invited from 
suitably qualified persons 
interested in working on DNA 
gyrase and the enzymology of DNA 
supercoiling in bacteria and 
eukaryotes. Experience in the 
techniques of DNA biochemistry, 
protein chemistry or enzymology 
an advantage. This post, funded by 
the Cancer Research Campaign, 
commences on or around 12 
October and is renewable annually 
for up to three years. Salary in the 
range £4,672 — £5,473 plus £1,027 
London Allowance. 37% hour 
week, Monday to Friday. Five 
weeks’ annual holiday. Super- 
annuation scheme. 

Apply in writing by September 7 
1981, with a curriculum vitae and 
the names and addresses of two 
referees, to Dr L M Fisher, 
Department of Biphysics, Kings 
College, 26-29, Drury Lane, 
London WC2B5RL. (9377) A 

















YOU’VE GOT A 
BRIGHT IDEA 


FOR NEW BIOLOGICAL OR 
CHEMICAL COMPOUNDS 


WE HAVE THE CAPITAL 
TO DEVELOP NEW DRUGS 


We are not a pharmaceutical firm but a Swiss-based, independant 
financial group which is prepared to let you participate in a capital 
venture for the exploitation of your project. 

Our object: the development of new biological or chemical products 
with previous pharmalogical screening up to the stage of clinical 
tolerance and efficacy required to permit licensing negociations. 





To obtain all the information required for initial selection, 
please write in English, French or German to: 
DEBIOPHARM S.A. Petit-Chéne 38 - 1001 LAUSANNE 


(Switzerland). (W368) A 





UNIVERSITY OF MELBOURNE 
READER/SENIOR LECTURER 


(Two Positions) in the 
DEPARTMENT OF PHYSICS 
(RAAF ACADEMY) 


Applications are invited for the above-mentioned positions. The Physica @ 
Department is located both within the grounds of the University and at 
Point Cook where the bulk of cadet teaching to BSc level is undertaken. { 
The main areas of research are infrared, gamma-ray and neutron: 


astrophysics, and remote sensing investigations of the lower atmosphere. g. 7 


Applicants should have expertise in one or other of these areas. 


The appointment will be made to the Staff of the University of Melbourne i. j 
and will be tenable upon University conditions initially for five years in the goo 


case of an appointment as Réader and for four years in the case of anf 


appointment as Senior Lecturer. Either during the initial period or if) a 
confirmed by Council after the initial period, the appointment will continue d 


until 31 December of the year immediately preceding that in which the. 


proposed Defence Force Academy commences to operate, when theg : 


appointment with the University of Melbourne will terminate. The hoider of 
the appointment will then have the right to transfer to the employment of 
the Defence Force Academy. The Department of Defence has entered into 


an agreement with the University of New South Wales whereby thed i 


University will establish a College of the University within the Defence 
Force Academy. 


The Department of Defence will provide twelve months’ formal notice prior g 
to requiring a decision from a person in relation to the exercise of that right: 


to transfer. 


The Department of Defence will also arrange for removal to Canberra, in a : 
accordance with normal Commonwealth standards and procedures, for a $ 


person who transfers to the Defence Force Academy. 


When the Defence Force Academy commences to operate, a person $ 


employed by the University in connection with the RAAF Academy who @- 
transfers to the Defence Force Academy will be employed by the Defence @ 
Force Academy under conditions not less favourable than those which that 
person enjoyed at the University. 


Salary within the range: Reader $A35,049 per annurn; Senior Lecturer Bo 


$426,593 to $A30,995 per annum. 


Salary and classification will be determined according to qualifications and I 
experience. i 


The successful applicants will be expected to commence duties on ist 
January, 1982. 


Enquiries may be directed to Professor J A Thornas in the University. 


Further information including details of application procedure and, Le 
conditions of appointment are available from the Staff Officer, T- 


University of Melbourne, Parkville, 3052, Victoria, Australia, or. 
from the Association of Commonwealth Universities (Appts), 36 
Gordon Square, London WC1H OPF. 


Applications close on 30 September 1987. 





(9358) 4, : 
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and overseas. 


systems and adjacent waters. 


the research program outlined. 


UNIVERSITY OF 
STRATHCLYDE 
Applications are invited for a 
POSTDOCTORAL RESEARCH 
FELLOW 
and for 
TWO RESEARCH 
ASSISTANTS IN 
CARDIOVASCULAR 
PHARMACOLOGY 
in the 
DEPARTMENT OF 
PHYSIOLOGY AND 
PHARMACOLOGY 
details as follows 
1. Postdoctoral Research Fellow, 
financed by the British Heart Foun- 
dation for work on early post-in- 
farction arrhythmias. Period two 
years. Salary Range IA £6,880 per 

annum. 

2. Research Assistant, financed by 
the Scottish Home and Health 
Department to work on the cardio- 
vascular effects of prolonged 
exposure to lead. Period two years. 
Salary Range IB £5,285 per annum. 
Registration for a higher degree 
possible. 

3. Research Assisant, financed by 
the Medical Research Council to 
work on the release of vasoactive 
agents in shock. Period two and a 
half years. Salary Range IA up to 
£6,880 per annum. Registration for 
a higher degree possible. 

USS benefit in each case. 
Applications (quoting R15/81) 
including a brief curriculum vitae 
and the names of two referees 
should be sent to Professor J R 
Parratt, Royal College, University 
of Strathclyde, Glasgow G1 1XW 
as soon as possible, stating clearly 
the particular post in which 
interested. (9356)A 













The Australian Institute 
of Marine Science 


RESEARCH POSITION 


Chemical Oceanography 


The Australian institute of Marine Science was established as a 
Statutory Authority of the Commonwealth Government in 1972 and 
in 1977 moved into a modern comprehensively equipped laboratory 
complex at Cape Ferguson near Townsville. The institute is well 
situated for studies in tropical marine science including phenomena 
and the land-sea interface, on the complex environment of the Great 
Barrier Reef and in the adjacent ocean. The ongoing programs of the 
Institute are augmented by active collaboration and interaction with 
visiting investigators from research organizations within Australia 


APPLICATIONS are invited from researchers with interests and 
experience in chemical and related aspects of Oceanography to take 
part in comprehensive investigations of the environment and living 
communities of the Great Barrier Reef. Within the overall program, 
an understanding is sought of the physical, chemical and biological 
interactions taking place within reefal systems and between those 


QUALIFICATIONS: The appointee must possess PhD level 
qualification and preferably experience demonstrably applicable to 


SALARY: The salary offered shall be commensurate with the 
qualifications and experience of the successful candidate. 


Applications including a complete C.V. and the names of at 
least three (3) but not more than five (5) referees should be 
forwarded to: The Secretary, Australian Institute of Marine 
Science, P.M.B. No. 3, M.S.O. Townsville, Q. 4810, Australia. 


Closing date for applications is 30 September 1981. 























(9351)A 








WANT TO LIVE 
IN THE U.S.A.? 


American agency 
provides help. 


For free information write 
the U.K. address. 


The Transatlantic Agency 
(N2) 33 Great James Street, < 
London WC1. 
Enclose SAE please. 








UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF VETERINARY 
CLINICAL STUDIES 
RESEARCH ASSISTANT 
PHYSIOLOGY/ 
BIOMECHANICS 


Applications are invited from recent 
graduates with an interest in 
physiology and biomechanics to 
participate in an investigation into 
the mechanism of dilation of the 
sheep cervix at birth. The project is 
financed by the Wellcome Trust. 


Initial salary will be either £5,285 
or £5,675 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 4th 
September, 1981, by The Registrar, 
The University, PO Box 147, 
Liverpool L69 3BX, from whom 
further particulars may be obtained. | 
Quote Ref. RV/866/N.  (9363)A 





UNIVERSITY OF OXFORD 
University Laboratory 
of Physiology 
RESEARCH ASSISTANT 
GRADE IB 
Salary £5,285 — £7,290 


Applications are invited for the post 
of Research Assistant, supported by 
a grant form the National Institute of 
Health, Washington, USA, for 
research on the mechanism of action 
of antidiuretic hormone. Candidates 
should have an honours degree in 
Physiology, Biology or Biochemistry; 
experience in transport physiology or 
cell biology would be an advantage. 
The post is tenable until April 30th, 
1984, 


Applications stating age, qualifica- 
tions and experience, and giving the 
names and addresses of two academic 
referees should be sent to: The 
Administrator, University Labo- 
ratory of Physiology, Oxford OXI 
3PT. (9390)A 





POSTDOCTORAL Fellows — 
Research Associates and Tech- 
nicians, Molecular Genetics and 
Neurobiology, University of 
Colorado. Applications are invited 
from individuals with PhD or MD to 
pursue studies on the molecular 
genetics of the mammalian brain. 
Emphasis is placed on use of recom- 
binant DNA technology to study the 
structure and regulation of genes 
expressed postnatally, Background 
in nucleic acid chemistry is essential. 
Technicians with experience in cell 
fraction and DNA-RNA hybridiza- 
tion are also needed. All positions 
have potential of leading to long term 
appointments. Beginning salary 
range $18,000 -- $32,000. Travel 
expenses for relocation and meetings. 
Send CV, names and phone numbers 
of 3-5 references, and copies of recent 
publications to: William E Hahn, 
Professor, University of Colorado, 
School of Medicine, B-111, Denver, 
Colo. 80262. (NW818)A 





KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH ASSISTANT 
to join a research group investigating 
the selective intracellular catabolism 

of abnormal proteins. 


The position, funded by SRC, will 
be tenable for two years and the 
project has as its objective the 
purification and characterisation of a 
size-discrimination protease from 
rabbit reticulocytes. 


Applicants should have experience 
in enzyme purification and protein 
chemistry, an interest in the 
mechanism of protein turnover 
would also be of advantage. Salary in 
the range £6,070 to £6,880 plus £967 
London Allowance. 


Applications, including curriculum 
vitae and names and addresses of two 
academic referees to Dr A R Hipkiss, 
Department of Biochemistry, King’s 
College London, Strand, London 
WC2R 2LS as soon as possible. 

(359A 


L EST/50/81/ J. 








UNIVERSITY OF DUNDEE 


DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited from 
holders of good Honours degrees 
in Biochemistry or a related 
discipline for the post of 
RESEARCH ASSISTANT 
for a period of three years to work 
on a project to define the molecular 
mechanism in which plasma lipo- 
proteins take part in lutropin- 
dependent progesterone synthesis 
by the corpus luteum. Salary 
according to age and experience in 

the range £5,285 — £6,070. 
Further particulars available from 
the Personnel Office, The University, 
Dundee DD1 4HN where applications 
should be returned by 17th Sep- 
tember, 1981. Please quote Ref 
(9344) A 














UNIVERSITY OF 
MELBOURNE 
Australia 
CHAIR OF AGRICULTURE 
(ANIMAL SCIENCE) 
Applications are invited for appoint- 
ment to the Chair of Agriculture 
(Animal Science). Applicants should 
have had extensive research ex- 
perience in some field of animal 
production and a demonstrated 
interest in and knowledge of 

agriculture. i 


Salary: $A41,509 per annum. 


Further information is available 
from the Registrar of the University 
or from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF. All correspondence (marked 
‘Confidential’) should be addressed 
to the Registrar, The University of 
Melbourne, Parkville, Victoria 3052, 
Australia. 


Applications close on 3/ October 





1981. (9372)A 
UNIVERSITY OF 
MELBOURNE 
Australia 
CHAIR OF AGRICULTURE 
(PLANT SCIENCE) 
Applications are invited for 


appointment to the Chair of 
Agriculture (Plant Science} in the 
School of Agriculture and Forestry. 


Applicants should have had 
extensive research experience in some 
field of plant science related to plant 
production and a demonstrated 
interest in, and knowledge of 
agriculture. 


Salary: $A41,509 per annum. 


Further information may be ob- 
tained from the Registrar of the 
University or from the Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WC1H 
OPF. All correspondence (marked 
‘Confidential’) should be addressed 
to the Registrar, The University of 
Melbourne, Parkville, Victoria 3052, 
Australia. 


Applications close on 37 October 
1981. (9373A 
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| RESEARCH 
FELLOW 


Position will be available 
August 1, 1981. The work 
involves studies of molecular 
biology, including cloning of 
insulin receptor. Salary is 
$15,000 (negotiable). 








Please send résumé c/o 
Dr K Itakura, 
Molecular Genetics 
City of Hope Res. Inst. 
Duarte, Calif. 91010 USA 
An Equal Opportunity/ 
Affirmative Action 
Employer. 

(NW817)A 
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THE MATHILDA AND 
TERENCE KENNEDY 
INSTITUTE OF 
RHEUMATOLOGY 
A position is available for a graduate 
RESEARCH ASSISTANT 


to work in the Biochemistry Division 
(Head: Dr Helen Muir). The research 
project will involve studies on the 


mechanism of biosynthesis and: 


degradation of cartilage proteogly- 
cans and collagen in relation to 
arthritis. The salary will be based on 
Range IB of the University of 
London scales for Research and 
Analogous staff. 


Applications, including curriculum 
vitae and the names of two referees, 
should be sent to the General 
Secretary, The Mathilda and Terence 
Kennedy Institute of Rheumatology, 
Bute Gardens, Hammersmith W6 
7DW. (9346)A 





UNIVERSITY OF YORK 


DEPARTMENT OF CHEMISTRY 
Applications are invited from suitably 
gualified persons for the post of 


POST-DOCTORAL 
RESEARCH ASSISTANT 


to work with Dr Guy Dodson on the 
ligation of haemoglobin crystallised 
from polyethylene glycol. The 
project is financed by the Medical 
Research Council and the appoint- 
ment is available for three years from 
1 October 1981. 


The salary scale is £6,070 to 
£10,575 (Research 1A). 


Closing date for applications — 11 
September 1981. 


Six copies of applications, 
including full curriculum vitae and 
naming three referees, should be sent 
to the Registrar, University of York, 
Heslington, York YO! SDD, from 
whom further particulars are 
available. Please quote reference 
number 7097. (9347)A 








ONTARIO CANCER 
TREATMENT & RESEARCH 
FOUNDATION 
LONDON CLINIC 
London, Ontario, Canada 
Applications are invited for the position of 
CAREER SCIENTIST 
from applicants with a minimum of 2-3 
years post-doctoral research experience in 
the field of 
CELL GENETICS 
This position is to join a recently 
formed multidisciplinary research 
group studying the biology of cancer 
metastasis. The research objectives of 
the group are to gain an understanding 
of how the tumor microenvironment 
may modulate the metastatic potential 

of tumor cell populations. 


The successful candidate will have 
proven expertise in a relevant field of 
research and the ability to develop an 
interactive research program with other 
members of the group. Salary will be 
commensurate with experience. 


Applications to Dr K Moore, The 
Ontario Cancer Foundation, London 
Clinic, London, Ontario N6A 4G5. 

(NW829)A 





UNIVERSITY COLLEGE 
GALWAY 
DEPARTMENT OF PHYSICS 
POST DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited to work on 
laser transmission through labo- 
ratory generated fog and aerosol 
media. The work will also involve 
computer processing of data. 
ia for 2 years from 1 October 
1981. 


Applications with statement of 
research experience and the names of 
two referees should be sent as soon as 
possible to Dr S G Jennings, Depart- 
ment of Physics, University College 
Galway, Galway, Ireland. (Tel: 
Galway 7611 ext 704). 


Salary within range IR£7,590 — 
IR£8,495 pa, depending on age and 
experience. (9361)A 


FACULTY POSITIONS 
BIOCHEMISTRY 


Tenure-track positions at a level to be 
determined by qualifications are 
open in the Biochemistry Depart- 
ment, School of Medicine at the 
University of North Carolina at 
Chapel Hill, We seek to establish 
expertise in any of the following 
research areas: cell surfaces, cell 
surface interactions and/or mem- 
brane biosynthesis; culture, genetics 
and/or differentiation of eukaryote 
cells; use of recombinant DNA 


methods in eukaryote molecular: 


genetics; neurochemistry. Excellence 
in teaching and a desire to teach is 
expected. 


Send curriculum vitae to: Dr Mary 
Ellen Jones, Chair, Biochemistry 
Department, University of North 
Carolina, Chapel Hill, NC 27514. We 
are keenly interested in attracting 
outstanding women and/or minority 
scientists to this department, Equal 
Opportunity/Affirmative Action 
Employer. (NW826)A 








INGENE is a young and rapidly growing company creating industrial 

and biomedical products through genetic engineering 

technologies. Our laboratory facilities sepport projects utilizing 

recombinant DNA approaches, molecular genetics, cell culture, 

DNA synthesis and sequencing, and immunology. We are 
recruiting personnel in the fields of: 


GENETIC 
ENGINEERING/RECOMBINANT 
DNA TECHNOLOGY 
MOLECULAR 
GENETICS/MICROBIOLOGY 
BACTERIA/YEAST 
IMMUNOLOGY/HYBRIDOMA 
TECHNOLOGY 
PROTEIN 


BIOCHEMISTRY/ENZYMOLOGY 


PLANT CELL GROWTH 
AND 
GENETICS/SEED SCIENCE 


Opportunities exist for qualified PhD candidates with postdoctoral 
experience and an interest in participating in a stimulating, scholarly 
research program. We also are seeking technical personnel and 
postdoctoral fellows for work on diversified genetic engineering 


projects. 


INGENE has attractive laboratory facilities in coastal Santa Monica, 
California, one of the most desirable commercial and residential 


sections in the Los Angeles area. 


Please send a résumé and list of three references to: 


INGENE 


1701 Colorado Avenue 
Santa Monica, CA 90804. 


INGENE is an Equal Opportunity Empleyer and welcomes 
applications from qualified women and minorities. 


UNIVERSITY OF OXFORD 
NUFFIELD LABORATORY 
OF OPHTHALMOLOGY 
RESEARCH ASSISTANT 


required for 3 years for a study of 
post-translational modification of 
proteins in cataract with special 
reference to diabetes and uraemia. 
Starting salary £5,285 (Scale 1B). 


Further particulars may be 
obtained from Dr J J Harding, at the 
above address, to whom applications 
with full curriculum vitae and names 
of two referees should be sent as soon 
as possible. (9360)A 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BOTANY 
TRANSLOCATION IN 
FUNGI 


Applications are invited from those 
with experience in fungal or higher 
plant physiology for the post of Post- 
doctoral Senior Research Assistant 
(SERC supported) to work on long- 
distance translocation in Serpulla 
lacrimans with Professor D H 
Jennings. The post is tenable for up 
to three years from Ist October, 1981, 
at an initial salary within the range 
£6,070 — £6,880 per annum. 


Applications, together with the 
names of 3 referees should be 
received not later than 7 September, 
1981 by The Registrar, The 
University, PO Box 147, Liverpool 
L69 3BX, from whom further 
particulars may be obtained. Quote 
ref: RV/867/N. (93364)A 





(NWBIGIA 





“POSITION Open” Postodoctoral 
— Utah in surface Raman spectro- ; 
scopy. Experience in SERS and total 
internal reflection optics; interests in 
biophysical-bioengineering-bio- 
chemical applications of Raman 
spectroscopy desirable. Send vita, 
letter of interest, publication list, 
reprints, and three letters of reference 
to J D Andrade, Bioengineering 
Department, University of Utah, Salt 
Lake City, Utah 84112 USA. 
(NWS830)A 





MANCHESTER AREA 
HEALTH AUTHORITY 
(TEACHING) 

SOUTH DISTRICT 
Christie Hospital and Holt 
Radium Institute 
BASIC GRADE BIOCHEMIST 
to join a research group studying 


mechanisms of response to hormone 
therapy in breast cancer. 


Previous experience in radio- 
receptor analysis, radioimmunoassay 
or a related field is important. 


The starting salary will be within 
the range £5,346 — £6,162 (increase 
pending). 

For informal enquiries telephone 
Dr Diana Barnes, 061-445 8123 ext 
437. 


Applicatien forms from Sector 
Administrator, Christie Hospital, 
Wilmslow Road, Withington, 
Manchester M20 9BX extension 520. 
Closing date: 9th September, 1981. 

(3524 
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SOUTH GLAMORGAN HEALTH AUTHORITY (T) 
UNIVERSITY HOSPITAL OF WALES 


REGIONAL CYTOGENETICS SERVICE 
B/G CYTOGENETICISTS 


Salary: £4,839 — £6,363 per annum 
The above vacancy has arisen in this department which provides a 
comprehensive cytogenetics service. The person appointed will be 
required to work in all sections of the service. 


Applicants should have a gooc honours degree in genetics or in one 
of the other Biological Sciences. Experience in tissue culture 


techniques and diagnostic cytogenetics will be an advantage, but 


not essential. 


Further information can be obtained from: Peter J. Gregory, 
Department of Child Health, University Hospital of Wales, Heath 
Park, Cardiff. Tel: (0222) 755944 ext 2287. 


Application forms available from: Personnel Department, 
University Hospital of Wales, Heath Park, Cardiff. Please 


enclose S.A.E. 


Closing Date: 10th September 1981. 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF HAEMATOLOGY 


TECHNICIAN 


required to work with a team carrying 
out clinical bone marrow trams- 
plantation. Duties include tissue 
typing, mixed lymphocyte culturing 
and carrying out various immurro- 
logical assays. Experience in any of 
these fields or in haematological tech- 
niques desirable. This is a post ‘or 
someone with initiative and 
interested in research projects. The 
post is funded by the Leukaemia 
Research Fund and is tenable for two 
years. 


Salary up to £5,284 plus Loncon 
Allowance (under review), initial 
placing dependent on age and quali- 
fications. 


Application forms and further 
particulars are available from the 
Personnel Office, Royal Post- 
graduate Medical School, 150 Du 
Cane Road, London W12 CHS 
quoting reference number 7/233. 

(9353)A 





(9386) A 





UNIVERSITY OF OXFORD 
NUFFIELD DEPARTMENT OF 
ORTHOPAEDIC SURGERY 
MRC BONE RESEARCH 
LABORATORY 
Applications are invited for two posts 
to work on the isolation and charac- 
terization of factors that induce the 

differentiation of bone cells. 

(1) POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 
Starting salary (Range | A) — £6,070 — 
£7,290 pa for biochemists with experience 
in protein isolation + cell culture 
techniques 
(2) MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
Salary range — £4,851 — £5,334 for 
technical assistance with above project 
The posts are supported by MRC for 
a three year period. Applications 
with full curriculum vitae and names 
and addresses of three referees to Dr 
J T Triffitt MRC Bone Research 
Laboratory, Nuffield Orthopaedic 


Centre, Oxford OX3 7LD, as soon as 
possible. (9367)A 





UNIVERSITY OF CAPE TOWN 


Chief Technical Officer 


Applications are invited for the above post which falls vacant on 1st 
April 1982 in the Department of Inorganic Chemistry. The 
successful applicant will taxe charge of the general workshop in the 


School of Chemical Sciences. 


Experience in metalwork, 


woodwork, instrument-making and the maintenance of scientific 
equipment and appropriate technical qualifications will be a 


recommendation for the post. 


Appointment, according to qualifications arid experience, will be 
made on the salary scale R13,905x 495 — R14,400x 735 — 
R15,135 x 735 — R15,870 per annum. 


Applications, (quoting ref. number AC/8) including the names 
and addresses of two referees, should be addressed to the Head, 
Department of Inorganic Chemistry, University of Cape Town, 
Rondebosch, 7700, South Africa not later than 30 September 1981. 


The University’s policy is not to discriminate in the appointment 
of staff on the grounds of sex, race or religion. Further information 
on the implementation of this policy is obtainable from the 


Registrar. 


(W404)A 




















UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ZOOLOGY 


POSTDOCTORAL 
BIOCHEMIST 
Applications are invited for a 
postdoctoral research fellowship 
on a cancer research campaign 
supported project on cell surface 
glycoproteins in chronic lym- 
phocyte leukemia supervised by Dr 
AH Maddy. Previous experience in 
membrane or protein biochemistry 
would be an advantage but 
candidates. of other backgrounds 

would also be considered. 

The post is for three years starting 
from October Ist 1981, or as soon 
as possible thereafter, with a 
research range 1A salary scale and 
superannuation. 

Applications with curriculum vitae 
and the names and addresses of 
two referees should be sent to Dr A 
H Maddy, Department of Zoology, 
University of Edinburgh, West 
Mains Road, Edinburgh EH9 3JT, 
from whom further details may be 
obtained. Please quote reference 
No. 5047. {9380)A 











RESEARCH ASSISTANT 


Immunologist/biochemist required 
to work as part of a team in- 
vestigating immune reactions against 
liver cell membrane antigens in 
relation to autoimmune liver disease. 
An interest in characterisation of 
monoclonal antibody specificities 
and experience in enzyme-linked 
immunoassays and related tech- 
niques will be an advantage. The post 
is funded for 2 years in the first 
instance at a salary of up to £6,475 
plus £967 London Weighting Allow- 
ance subject to the usual conditions. 


Further information may be 
obtained from Dr I G McFarlane, 
Liver Unit, King’s College Hospital 
(telephone: 01-274 6222 ext 2747). 


Applications giving full 
curriculum vitae plus names and 
addresses of two referees should be 
sent to the Secretary, King’s College 
Hospital Medical School, Denmark 
Hill, London SE5 8RX. Closing date 
30th September 1981. (9355)A 


UNIVERSITY OF FLORIDA 
DEPARTMENT OF MEDICINE 
University of Florida seeks 


Scientist for appointment as 
ASSISTANT PROFESSOR 
OF MEDICINE 
to join Medical Oncology Research 
team primarily involved in im- 
munology and experimental Hema- 
tology. Candidates must have a 
doctoral degree (PhD or 
equivalent), at least 2 years 
experience, and demonstrated 
research productivity in human 
cellular immunology. Respon- 
sibility will include teaching at all 
levels. Salary $23,000 -- 

negotiable. 

Application recruiting deadline 
12-31-81, anticipated starting date 
April 1, 1982. Contact Roy S 





Weiner, MD, Division of Oncology, 
Box J-277, J Hillis Miller Health 
Center, University of Florida, 
Gainesville, Florida 32610. An Equal 











Employment Opportunity/ Affirma- 
tive Action Employer. (NW820)A 








UNIVERSITY OF LEICESTER 
DEPARTMENTS OF PHYSIOLOGY 
AND MEDICINE 
GRADE 3 
TECHNICIAN 


A Grade 3 Technician is required to 
assist in laboratory studies into 
electrolyte transport by body cells in 
relation to blood pressure. The post is 
financed by the Medical Research 
Council and is tenable in the first 
instance for one year and is renewable 
for a further two years. The project 
will be carried out jointly in the two 
departments under the supervision of 
Professor J D Swales, Dr H Thurston 
and Professor R Whittam. 


Previous laboratory experiencen in 
a biological sciences department is 
desirable. Salary scale £4,672 to 
£5,473. 


Applications including a curriculum 
vitae and the names of two referees 
should be sent to Professor J D 
Swales, Department of Medicine, 
Clinical Sciences Building, Leicester 
Royal Infirmary, Infirmary Square, 
Leicester LE2 7LX by 28th August 
1981. (9369A 





UNIVERSITY OF WARWICK 
RESEARCH ASSOCIATE 
IN VIROLOGY 


Applications are invited from bio- 
chemists, microbiologists and other 
suitably qualified candidates to work 
in the Department of Biological 
Sciences on an ARC funded project 
concerned with the epidemiology of 
rotaviruses. Candidates should have 
either an upper second class honours 
degree plus at least one years post- 
graduate experience or an MSc. The 
appointment on the salary Range 1B 
scale: £5,285 pa — £7,700 pa is for 
three years. 


Applications (no forms) should 
include a curriculum vitae and the 
names of two referees to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL and 
quote Ref. No: 2/2A/81/0. Closing 
date for receipt of applications 4th 
September, 1981. (9387)A 


FELLOWSHIPS 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF BOTANY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 


A post is available for a molecular 
biologist or virologist to work on the 
replication of a plant rhabdovirus. 
This will involve the cloning in 
Escherichia coli of various viral 
RNAs. Previous experience of re- 
combinant DNA techniques would 
be an advantage. Familiarity with 
plant viruses is not a prerequisite. 


The post will be available from ist 
October, 1981 for three years. 
Starting’ salary will be within range 
1A of the scales for Research and 
Analogous staff (£6,070 — £6,880). 


Applications giving the names of 
three referees should be sent to Dr 
J J Milner, Department of Botany, 
The University, Glasgow G12 8QQ 
by 18th September, 1981. 


In reply please quote Ref. No. 
4847, (9384)E 


continued on page xxviii 
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ASSISTANTSHIPS 


THE OPEN UNIVERSITY 
EARTH SCIENCES 


NERC RESEARCH 
ASSISTANTSHIPS 


Troodos Deep Bore 


As part of an international deep drilling project involving scientists from 
Canada, Cyprus, Denmark, iceland, UK, USA and W. Germany, a 
grant has been awarded to Professor |. G. Gass from The Open 
University and Professor F. J. Vine from The University of East Anglia 
to study the Troodos ophiolite (Cyprus) by drilling. 


Funds have been made available to employ two Research Assistants to 
work on geophysical aspects with Professor Vine (UEA) and 
petrological/ geochemical aspects with Professor Gass (OU); these 
posts are available from Ist January 1982 for three years. This 
advertisement is for both posts. Candidates for the Open University 
Petrology-Geochemistry post should hold a good first degree in 
geology with a specialization and interest in the petrology and 
geochemistry of basicultrabasic igneous rocks. Candidates for the 
geophysics post should have undergraduate experience in geophysics 
and will be expected to investigate the physical properties of bore hole 
specimens at varying temperature and pressures. 

Both candidates will be involved in field studies and be present during 
some if not all of the drilling programme. There may be an opportunity 
to study for a higher degree. Salary will be within the Research and 
Analogous 1B scale: £5,285 — £7,700 p.a. but not exceeding £6,880 
p.a. at the highest point. 


Further particulars and application forms are available from the 
Assistant Secretary (Science), (4223/2), The Open University, 
Watton Hall, Milton Keynes MK7 6AA or telephone Milton Keynes 








(0908) 653481: there is a 24 hour answering service on 653868. 


Closing date for applications: 31st October. 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF ZOOLOGY 
RESEARCH 
ASSISTANTSHIP 


Applications are invited for the post 
of Research Assistant at post- 
doctoral or graduate level to join a 
group working on the arrangement 
and expression of DNA sequences in 
the chromosomes of amphibians. 
Applicants should have some 
experience with recombinant DNA 
and related technologies. The 
appointment will be for one year in 
the first instance, commencing Ist 
October, 1981, but is likely to be 
renewable for a further 2 or 3 years. 
Salary scale £5,285 to £7,700. 


Applications, with the names of 2 
academic referees, to Professor H C 
Macgregor, Zoology Department, 
University of Leicester, Leicester 
LE1 7RH. Enquiries by telephone 
welcome (0533-554455 ext 115). 


(9391)P 
en 


SSH 








(9371)A 





UNIVERSITY OF WARWICK 


RESEARCH 
ASSISTANTSHIPS 


HIGH PERFORMANCE 
CERAMIC ALLOYS 


Applications are invited for post- 
graduate and postdoctoral research 
assistantships concerned with the 
development of new structural 
ceramic alloys within a group in the 
Department of Physics, led by Dr M 
H Lewis, supported by the Wolfson 
Foundation. The research has 
evolved from a collaborative pro- 
gramme with Lucas Industries in 
studying microstructural develop- 
ment, deformation and fracture 
mechanisms in ceramics based on the 
B — Si,N, crystal structure. 


Applicants should preferably have 
experience in electron-microscopy 
and associated microanalytical tech- 
niques or in ceramic fabrication and 
mechanical testing. Appointments 
are for 2 years from October, 1981 or 
as soon as possible thereafter. 
Starting salary either up to £6,475 pa 
on the Range IB scale: £5,285 — 
£7,700 pa or £7,700 pa on the Range 
IA scale: £6,070 — £10,575 pa. 


Applications (no forms) should 
include a curriculum vitae and the 
names of two referees to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL. 
Please quote Ref. No: 2/A/81/0. 
Closing date for receipt of 
applications 4th September, 1981. 

(9388)P 








CONFERENCES and COURSES 











THE INDUSTRIAL LIAISON PROGRAM OFTHE f 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY § 
PRESENTS A COLLOQUIUM ENTITLED 


“‘Microcapsules and Microcarriers 


in Biotechnology” 


Date: October 15, 1981 

Chairman: Professor Robert S. Langer, Jr., MIT 
Co-Chairmen: Professors Marcus Karel, Alexander Kibanov, 
William Thilly, MIT 

Professor E. Katchalski-Katzir 

Weizmann Institute of Science 

Professor D, Papahadjopoulos 

University of California, San Francisco 
Professor T, Chang, MeGif University 

J. Salk, M.D., Salk institute 

MIT Kresge Auditorium, Cambridge, MA 02139 
Maria Clara V. Suva Martin 

industrial Liaison Program 

Tel: (617) 253-2691. Telex: 921473 

Industrial Liaison Program (ULP) Members — free 
Non-ILP Members — $500 

Immobilized Enzymes 

Enzyme Stabilization 

Controlled Drug Delivery Systems 

Liposomes — Drug Targeting 

Microcapsules 

Diffusion Control in Food Systems 
Microcarriers for Mammalian Cell Culture 
Microcarriers in Vaccine Production 


Other Speakers: 


Location: 
Contact: 


Attendance Fee: 


Topics: 


Abstract: 

Major advances have been witnessed in the past few years in the area of 
biotechnology, which can be defined as the application of engineering 
principles to biological processes. In this coloquium, the use of novel 
concept — microcapsules and microcarriers — in biotechnology will be 
discussed. These particles possess significant potential in both basic 


and applied research. The applications in several important areas will $- z 


also be discussed including their use as (i) supports for cells which make 
useful products, (ii) matrices for enzymes to be used as bioproducers or 
bioconverters, and (iii) the central components in drug and food 
delivery systems. (NWX793)C 


Frontiers in Liposome Research: 
Targeted Chemotherapy 
November 5-7, 1981 


A meeting sponsored by the Northern California Cancer Program 
and the School of Medicine, UC — San Francisco and organized by 
Dr. D. Papahadjopoulos. Will bring together a group of 
investigators with diverse backgrounds to critically evaluate the use 
of liposomes for targeted chemotherapy. Recent advances in the 
field will be presented as a background for discussions on the 
prospects for future progress and clinical trials. The meeting will be 
limited to 75 participants. 

For additional information contact Dr, S. Szoka, School of 


Pharmacy, University of California at San Francisco, San 
Francisco, CA. 94143 USA. (NW832)0 








GRANTS and SCHOLARSHIPS 


IMPERIAL CANCER RESEARCH FUND 
Research Studentship (Bursary) 


Applications are invited from recent honour graduates for a Bursary in 
the Transcription Laboratory to study the molecular biology of the DNA 
tumour virus polyoma. 
The award, for full time studies leading to a higher degree (PhD) will be 
tenable for three years with a non-pensionable grant of £4,140 a year 
(subject to tax) and in some cases additional allowances. Candidates 
should have a first or upper second class honours degree in one of the 
biological sciences if they are UK graduates, but non-U.K. residents are 
not necessarily excluded. A strong background in molecular binlogy 
will be important and some training in recombinant DNA techniques 
would be particularly desirable. 
For further information telephone Dr R. Kamen (01-242 0200 ext 
277). Application forms are available from The Personnel 
Officer, Imperial Cancer Research Fund, Lincoln's inn Fields 
London WC2. Tel. as above ext 305. Completed application 
forms should reach the Fund no later than tst September 1921. 
(8294) H 
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FELLOWSHIPS continued from page xxvi 








THE OPEN UNIVERSITY 
FACULTY OF SCIENCE 


RESEARCH 
FELLOWSHIP 


(Brain Research Group) (Temporary) 


Applications are invited for a temporary post as Research Fellow to join 
the Brain Research Group in the Biology Discipline at the Open 
University. 

The successful candidate will be expected to pursue their own line of 
research within the interests of the Group and also to collaborate on 
existing projects, which include the neurochemical correlates of 
developmental plasticity and early learning, the role of giycoproteins in 
synaptogenesis and synaptic function and the development of 
transmitter systems. 


Candidates should hold a PhD degree in biochemistry/cell bio- 
chemistry/cell biology. Experience in neurochemistry and immunology 
will be an advantage. 

The post was first advertised in December 1980 but an appointment 
was not made. Applicants who replied to the original advertisement will 
be automatically re-considered and need not apply again. 

The post is available immediately for a period of two years, with a strong 
possibility of renewal for a further year. Salary will be on the Research 
and Analogous 1A scale £6,070 — £10,575 p.a. An appointment will be 
made within the range £6,070 — £8,515 p.a. on the 1A scale. 

Further particulars and application forms are available from the 
Assistant Secretary Science (4152/1), The Open University, 
Walton Hall, Milton Keynes MK7 6AA or telephone Milton 
Keynes (0908) 653481: there is a 24 hour answering service on 653868. 








Closing date for applications: 7th September. 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF CHEMISTRY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for an SRC 
funded Postdoctoral Research 
Fellowship concerned with the 
decomposition of alkoxy radicals in 
relation to fundamental aspects of 
unimolecular reactions and atmos- 
pheric chemistry using photolytic 
techniques. The post is tenable for 
one year working with Dr L Batt. 


Salary within Range LA, £6,070 — 
£7,290 per annum, with appropriate 
placing. 

Further details from The Secretary, 
The University, Aberdeen with 
whom applications (2 copies) should 
be lodged by 11 September 1981. 

(9378)E 








(9374)E 





UNIVERSITY OF GLASGOW 
INSTITUTE OF 
NEUROLOGICAL SCIENCES 
POST DOCTORAL 
FELLOWSHIPS 
(Immunology) 

Two vacancies exist for Immunolo- 
gists with post doctoral experience, to 
study auto-immune diseases of the 
nervous system. Candidates should 
have general immunological ex- 
perience; an interest in tissue culture 
an advantage. The positions are for 

three years in the first instance. 


Applicants should send Curriculum 
Vitae together with the names of 
three referees to: Dr P O Behan, Dept 
of Neurology, Institute of Neuro- 
logical Sciences, Southern General 
Hospital, 1345 Govan Road, 
Glasgow G51 4TF. (938 DE 





m 


nology. Informal inquiries may be 
ext 2873/8. 





quote reference 5042. 


7A 
UNIVERSITY OF EDINBURGH =. < 
DEPARTMENT OF MOLECULAR BIOL y : 


POSTDOCTORAL RESEARCH FELLOW |||. 


Applications are invited for a postdoctoral research fell hip in they? 
above department for work involving the cloning 
mentally regulated MRNA sequences in Xenopus. The appoiritment 
available from 1st October 1981 will be for three years onan SERC- 
funded research grant. Salary starting at point 3 (£6,880) oh the 1A 
range for research and analogous staff. Candidate with directly ~ 
relevant experience would be preferred, but inquiries are also invited 
from people who have recently completed PhD work in related fields 
and would like to acquire methods of nucleic acid and cloning tech- 


Applications should be made in writing, quoting at least two 
referees, to Dr P J Ford, Department of Molecular Biology, 
King’s Buildings, Mayfield Road, Edinburgh EH9 3JR. Please 


t devéjop- 


made to Dr P Ford (031) 667 1081 








(9379)E 








Typesetting: J.W. Arrowsmith Lid, Bristol and O 


Godfrey Lang Ltd, London WCIR 4EB and The 








a Southampton 


DEPARTMENT OF 
CHEMISTRY 


POSTDOCTORAL RESEARCH 
FELLOWSHIP IN 
BIOSYNTHESIS 

A Fellowship is available from 1st 
October, 1981, renewable for a 
second year, for research on the 
biosynthesis of the polyether 
ionophore antibiotic monensin. 
The project will involve the 
application of C-13, H-2 and 0-18 
labelled precursors. Experience in 
organic chernistry and/or mechanis- 
tic enzymology is required. 
Salary on 1A Scale within range 
£6,070 to £6,880 plus super- 
annuation, Starting point de- 
pendent on age and experience. 
Applications, with the names of 
two referees, should be sent as 
soon as possible to Dr J A 
Robinson, Department of Chemis- 
try, University of Southampton, 
Highfield, Southampton SO9 5NH. 
Please quote ref: N. (9368) E 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF MICROBIOLOGY 
RESEARCH FELLOWSHIP 
Applications invited for a Post 
Doctoral Research Fellow IA for a 
project to produce monoclonal anti- 
bodies to Treponema pallidum. 
Experience in cell culture and/or 
immunology would be advanta- 

geous. 

The post is tenable from 1 October 
1981 for 18 months. 

Informal enquiries to Dr C W 
Penn, Department of Microbiology, 
(021 472 1301 ext 3673). 


Salary on Research Fellow IA scale 
£6,070 — £10,575 plus superannua- 
tion. Maximum starting salary 
£6,880. 

Further particulars from Assistant 
Registrar (Sci & Eng), University of 
Birmingham, PO Box 363, Birming- 
ham B15 2TT, to whom applications 
(three copies) including full 
curriculum vitae and naming three 
referees should be sent by Friday 11th 
September 1981. Please quote 
reference NMS. (9383)E 














UNIVERSITY OF DUBLIN 


Trinity College 





POST DOCTORAL 
RESEARCH FELLOWSHIP 


MICROBIAL ECOLOGY 


Applications are invited for the 
above post from microbiologists or 
botanists, to work on microbial 
aspects of immobilization of 
fertilizer nitrogen, nitrogen fixation 
and mobilization of insoluble N in 
peat under willow coppice grown 
for biomass fuel. 


The appointment will be tenable for 
a period of two years, commencing 
on Ist October, 1981. 


Salary scale: (RE5,897 — IR£6,129 
per annum. 


Candidates should submit curricu- 
lum vitae together with the names 
of two referees to: 


Or Paul Dowding, 
Department of Botany, 
Trinity College, 

Dublin 2 


to arrive not later than 20th 
September, 1981. (9376)E 
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UNIVERSITY OF ABERDEEN 
DEPARTMENT OF ZOOLOGY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 
IMMUNOLOGY/ 
ENDOCRINOLOGY 
Re-Advertisement 
Applications are invited for an SRC 
supported post-doctoral research 
Fellowship studying Autoimmune 
Destruction of Fish Gonads. The 
post is tenable for three years, 
working with Dr I G Priede and Dr 
L M Laird to examine this pheno- 
menon first demonstrated on 

salmonids. 


Salary within Range IA, £6,070 — 
£7,290 per annum, with appropriate 
placing. 


Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by 11 September 
1981. (9375)E 
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STUDENTSHIPS 


HE POLYTECHNIC: WOLVERHAMPTON 
fhe South Staffordshire Medical Centre 
Applications are invited for a 


RESEARCH STUDENTSHIP 


financed by the Rotha Abraham Bequest, to undertake 
eee a research project on 
““ MICROPROCESSOR CONTROLLED REGULATION 
OF BLOOD GLUCOSE IN THE NEW-BORN” 


Applicants should possess, or expect to possess, atleast a second class 
honours degree in an appropriate discipline, eg biochemistry, clinical 
chemistry, analytical chemistry, or equivalent. 

The studentship is tenable for up to two years and it is expected that the 
successful candidate will register for a higher degree. 

Further particulars and application forms from; The Faculty of 
Science Office. The Polytechnic, 
Wolverhampton WV11 LY. (Tel; (0902) 27371). 



















Wulfruna Street, 
(9350) F 














No other commercially available cell 
sorter and analyzer approaches the 
power, precision and versatility of the 
Ortho Systems 30/50. The instrument is 
offered in two basic configurations: Sys- 
tem 30-a high resolution, 21 parameter 
analytical flow cytometer, and System 
50—which adds cell sorting capabilities 
to the System 30 flow cytometer. Both 
feature dual lasers as standard equip- 
ment for increased analytical power. 
System Components 

To appreciate the far-reaching capa- 
bilities of these Ortho instruments, con- 
sider that the System 50 combines: two 
lasers—a .8 milliwatt helium-neon for 
ultra high precision scatter measure- 
ments and a 5 watt argon type for 
fluorescence measurements (optional 
argon-ion, and krypton-ion lasers with 
U.V. capability are available); four 
detectors—-two of the photo-multiplier 
type for right angle scatter, and fluor- 
escent emission detection (5-20 
response, 185 nm-850 nm), and two 
solid state sensors for axial light loss and 
narrow angle forward scatter: a sophisti- 
cated optical system incorporating fiber 
optics: a multiplexed multichannel ana- 
lyzer, with C.R.T. display: the signal 
processor unit: and an advanced cell 
sorter module. Additionally, the Model 
2150 computerized 8 parameter data 
handler/sorter controller ts available as 
an option* The 2150 System features 


State-of-the-art cell sorting and analysis fı 


The Cytofluorograf 


System 50H with optional argon ion 
and krypton ion lasers installed. 
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2. Histogram of CHO chromosomes stained for 
D.N.A. Ethidium Bromide/Chromomycin A,- 


Cytofluorograph System 50H Laser-250mw @ 
457nm. Red Fluorescence 


MAMAN 
LYMPHOCYTES 


CHEK NUCLEI |” HUNAN 
MARKER ` LYMPHOCYTES 
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2. Histogram of human lymphocytes utilizing 
a chick nuclei marker for standardization and 
stained for D.N.A. with Propidium lodide. 
C.V. = L65% (Human Lymphocytes) 
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simultaneous data acquisition, and real 
time processing while sorting is im 
progress. 

System Capabilities 

Together, these modules allow the 
System 50 to provide and analyze mor- 
phological information-~a significant 
first for a flow cytometric instrument. 
With four detectors and the ability to 
display pulse height, pulse area or pulse 
width analysis for each—a total of 21 
distinct measurement parameters can be 
studied. 

The System 50 also features. two Bi- 
dimensional regions of interest. dual his- 
togram multi-channel analyzer with 
cytogram mode, super-sil quartz optics 
with which the cells are analyzed and 
easy sample entry, 

In order to provide customers with 
complete support. Ortho maintains an 
Applications Laboratory that is avail- 
able for confirmation and consultation 
services. Additionally, an international 
network of service technicians is ready 
to aid customers should calibration or 
repairs ever be required. 

Remarkable Results 

The histograms and cytograms dis- 
played were produced by the Sys- 
tem 50. Evaluate them. And consider 
the difficulty of deriving this data by any 
other means. The capabilities of this 
unique Ortho instrument will speak for 
themselves. 








For additional information contact 
your local representative or write: 
Ortho Diagnostic Systems Inc., 410) 
University Ave., Westwood, Mass. 
02090. (617) 329-6100 












Circle No. 08 on Reader Enquiry Card, 


ilson has something new 
and better in pumps. It’s our new Model 302 
microprocessor-controlled pump. Model 302 offers 
this unique combination of capabilities for 
HPLC and preparative 
chromatography: (a) 
microprocessor control 

(b) effective flow rate range of 0.005 

to 100 ml/minute with pressures to 6,000 

psi (c) both flow and dispense modes 

(d) four easily interchangeable heads 

for analytical, high pressure, prepara- 

tive, and recycling preparative LC. 

There's so much you can do. Inter- 

face with a computer and automate your LC procedures. 

Prepare gradient programs. Dispense repetitively, either 

fixed or varied volume aliquots. Control flow rates with 

high accuracy. 

Make this pump the heart of your LC system. 

Your inquiry will not only bring details on this 

remarkable pump but also on other fine 

Gilson instruments for LC and HPLC. 

Contact: 


GILSON- 


INTERNATIONAL 
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The samples you can analyze with h 
a bottle of Ampholine 


Cut your electrofocusing costs to a fraction of 
previous levels without sacrificing quality or 
resolution. Save substantial time casting, 


running, and staining gels as well. Hig 
performance electrofocusing lets you analyze 
well over 600 samples per bottle of 
Ampholine. And if you're struggling with an 
especially tight budget this year, we can 
help you save even more. High performance 
gels are cast by capillary action onto thin 
plastic support foils in layers a mere 0.5 to 
0.25 mm thick. Because the new thin gels are 
cooled more efficiently, resolution-robbing 
thermal gradients are eliminated while run 
times drop to as little as 30 minutes. 
Ampholine, the LKB tradename for the 
world’s largest selling carrier ampholyte, is 
now available in four new pH ranges. The 
new ranges are specially preblended for di- 
rect use in either acrylamide or our new 
agarose gels and exhibit excellent con- 
ductivity and reproducibility. By switching 


to our new preblends, you'll save preparation 
time and reduce your stocking costs as well. 
\ High performance electrofocusing is just 
one of a series of new and improved techni- 
ques you can perform on’ the Multiphor“ 
System. For more details about this and 
other new kits soon to be released, contact 
your local LKB representative. We have. of- 


fices everywhere. Or phone us today at one of 


the addresses listed below. 


LKB 


Head office: LKB-Produkter AB, Box 305, 5-16 
Main US sales office: LKB Instruments, Ine, | 
UK sales office: LKB Instruments Ltd, 3 


26 Bromma, Sweden 
1 Parklawn Drive; Rockville, MD 20852 
Addington Road. S. Croydon; Surrey CR2 8YD; England. Tel. 01 


Circle No.05 on Reader Enquiry Card. 

Tel. 08-98 00 40, telex 10492 

rel. 301-881 10, telex 250 89 682 
7 Rp22, telex 264414 








1. HIGH STANDARDS 


Making biologically active radiochemicals 
for research requires a company-wide 


quality control discipline of the strictest 


kind. 


2. VALUABLE RESOURCES 


Our large, multi-disciplined staff assures 


you of thoroughly evaluated, carefully 
~ specified, state-of-the-art monoclonal 
antibodies. 


3. EXTRA SERVICES 


There are many, from technical consulta- 
tion with our staff to documented assay 
results included with each shipment. 


A.WIDE SELECTION 


Our current offering of monoclonal anti- 
bodies has been selected in response to 
your research needs and requests. New 
monoclonals will be introduced continu- 
ously to meet these needs. 




















HUMAN 

- Anti-human Lyt 1* 
Anti-human Lyt 2* 
Anti-human Lyt 3* (Pan T) 
Anti-human la 
Anti-human IgE 


VIRAL 


Anti-murine leukemia virus 3070 
Anti-murine leukemia virus p15 (E) 


MOUSE 


Anti-mouse Thy 1. 
Anti-mouse Thy 1. 
Anti-mouse Thy 1. 
Anti-mouse Thy 1. 
Anti-mouse Lyt 1. 
Anti-mouse Lyt 1. 
Anti-mouse Lyt 2. 
Anti-mouse Lyt 2. 
Anti-mouse Lyb 2. 
Anti-mouse Lyb 2. 
Anti-mouse TL 


RO NO o Of 


io 


, biotin labeled 
, fluorescein labeled 


ALSO: Anti-horseradish peroxidase 

In addition we offer over a dozen monoclonal anti- 
body reagents ~ iodinated, enzyme conjugated, 
and fluorescein conjugated. This family is growing 


fast, too. 


To keep you informed of latest developments in our 
monoclonal program, let us put your name on our 
special monoclonals mailing schedule and send you 
our product line brochure. 


"Indicates order of clone isolation, not target cell function 


Not for use in humans or clinical diagnosis 


® 549 Albany Street, Boston, Massachusetts 02118 
Call toll free: 800-225-1572 Telex: 94-0996 
(in Massachusetts and International: 617-482-9595) 
NEN Chemicals GmbH: 0-6072 Dreieich, W. Germany, Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 309; Tel. 514-636-4971, Telex 05-821808 


New England Nuclear 
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More trouble for the hapless shuttle 


Ironically, the shuttle device for putting objects into orbits about the 
Earth is being threatened now by commercial as well as technical 
problems (see page 789). After a decade of planning, much of it 
imaginative and some of it over-imaginative, it now appears that the 
shuttle may not be able to hold its own commercially with other means 
of launching satellites. The European rocket Ariane appears, in the 
short run at least, to be able to offer launching facilities more cheaply 
than comparable rocket systems in the United States, and there is at 
least a possibility that the shuttle itself will not be much cheaper (see 
page 789). In any case, the shuttle is so far behind schedule, and 
demands from the Pentagon on its services so clamant, that it may be 
some time before the device is able to perform the general service for 
which it was designed — making sure that the world is well supplied 
with telecommunications satellites (on which it is now dependent), 
assisting with the exploration of the Solar System and the regions 
beyond and giving all of us the sense that space, as we have learned to 
call it, is part of our domain. The irony is, of course, that the shuttle, 
intended as a way of cheapening the launching of satellites, should 
appear to be threatened by an upstart competitor from Europe. 
Especially in France, people will be recalling the legend of David and 
Goliath. The snag is that, in the end, we shall all be losers. 

A device such as the shuttle (intended to have its second trial flight 
next month) is not merely desirable but essential. When the National 
Aeronautics and Space Administration decided, at the end of the 
Apollo programme, that sending a man to Mars would be a less useful 
application of the skills that it had acquired than the building of a 
reusable launching system, it took the right decision. Better to go step 
by step than to hunt for yet another worldwide television hook-up. But 
the shuttle, as it has been developed, is something of a bastard. The 
original conception of a launching device that could be used over and 
over again has been adulterated by arranging that the largest items of 
equipment, the launching rockets, should fall into the sea and be lost. 
Some time in the coming decade, after the system as it stands has 
proved itself, attention may be turned again to the recovery of these 
items. In the meantime, there is a serious danger that the shuttle will 
limp along, working principally for the military, and that the usefulness 
of Earth satellites will be denied. 

In all the circumstances, it is necessary that the space administration, 
or perhaps even the US Congress, should stand back from the 
problems that now afflict the shuttle and ask where, in the end, it is 
meant to go. The issues that must be settled are not simple, but neither 
are they beyond comprehension. 

First, there is a case for asking whether the present concept of the 
shuttle, as embodied in the spacecraft called ‘‘Columbia’’, is the most 
appropriate, given what has been learned in the past ten years; if it is 
not, the space administration (or Congress) should be prepared to write 
off the huge expenditures of the past decade, and to start again. Sucha 
question could be settled only after a careful technical enquiry, but this 
is the time at which to make it. Second, there should be a more sober 
appraisal than there has been so far of the utility of being able to put 


satellites into orbits -— a futuristic appraisal of the market. For the past - 


several years, telecommunications authorities have been assuming that 
there will always be some way of launching their relay stations, and that 
the cost will be a small part of the cost of providing them with signals; in 
present circumstances, in which the benefits of terrestrial switching 
circuits are only just becoming clear, is that assumption still valid? And, 
since it would be not merely a black mark for the shuttle project but an 
international tragedy that the Large Space Telescope should not be 
launched, or not launched more or less on time, how should such 
projects be organized? Finally, there are questions about the future, 
and of several kinds. Do the difficulties that have afflicted the shuttle in 
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the past few years imply that it has been discovered empirically — the 
hard way — that even the United States is no longer capable of 
everything? What in the medium term, say by the end of the century, is 
the utility of the Earth orbit? Science and the Pentagon apart, 
telecommunications will have to bear the burden. And what of the 
more distant future? Science fiction, which has a habit of becoming 
fact, would suggest that the time will come when people will think it 
intolerable that they should be prevented by the lack of facilities from 
going where they choose. Such conceits, always infuriating for those 
concerned with next year’s budget, are nevertheless historically (so far) 
undeniable. 


Agony in London 


Whom the gods would destroy, they first make seem 
ineffectual. This seems to be the underlying trouble at the 
University of London, which has just been through the traumatic 
process of dividing the public grant for the present academic year 
(which began financially on 1 August) among its several schools 
and specialized institutions. But the university, which is a 
microcosm of the British university system as a whole, is not 
entirely to blame. Both the university and the University Grants 
Committee earlier in the year were faced with an impossible task 
— that of saving large amounts of money so quickly that they 
could not properly take account of academic and educational 
considerations. Solomon himself would have been hard pressed 
to make an equitable division of the diminished budget. Yet both 
the university and the grants committee have responded with ` 
delay. The grants committee let its dependants known only on the 
eve of the academic year what they would have to spend in the 
three succeeding years. The University ef London, in which 
financial decisions are delegated to a body called the Court, has 
delayed a further six weeks and has announced financial 
allocations (Nature, 20 August) which are inconsistent both with 
the principles laid down by the grants committee and with the 
interim recommendations of the committee (under Sir Peter 
Swinnerton-Dyer) which the university had set up to suggest how 
its organization might be adapted to much smaller budgets. 

What has happened, and is about to happen, at the University 
of London is important because it is among the most important of 
the universities in the United Kingdom. It has more students than 
any other British university, and is comparable in size with the 
Berkeley campus of the University of California. The university is 
the largest single source of physicians in the United Kingdom, but 
also has specialized institutions for training architects, 
veterinarians, pharmacists and even agriculturalists. 
Constitutionally, however, the university is not an integrated 
whole but an agglomeration of titularly autonomous institutions 
so loosely held together that they are a federation on the Canadian 
pattern, not that of the United States. The separate institutions 
include a dozen medical schools (soon to be fewer), 
internationally known centres of teaching and scholarship such as 
the London School of Economics and Imperial College, a host of 
graduate institutions (not only medica!) whose importance 
nationally and internationally is beyond dispute and no fewer 
than eight more general colleges, scattered over twenty-five miles, 
which differ in size, the pattern of courses offered to 
undergraduates and their reputations in research. The question 
now is whether last week’s decision by the Court will have 
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irreparably damaged the character of this remarkable, if 
anomalous, institution. 

On at least three counts, the Court’s decisions cannot fail to 
cast a long shadow over the university. First, the Court seems 
meekly to have accepted the grants committee’s edict that the 
proportion of students (graduates and undergraduates) following 
science courses should be reduced by 11.3 per cent by the 
academic year beginning in 1983. This is a sharper contraction 
than the intended reduction of the British university student 
population as a whole and much sharper than the planned con- 
traction of science teaching — a mere 2.2. per cent throughout the 
United Kingdom. Taking the wording of the grants committee’s 
letter literally, however, the Court of the university has decided 
that teaching in the physical sciences should be maintained, and 
has gone on to plan for a reduction of 28 per cent in the numbers 
of students following courses in biology. The grants committee’s 
recommendation that special consideration should be given to 
biology courses of ‘‘potential economic importance” (another 
name for biotechnology?) seems not everywhere to have been 
heeded. The result, by 1983, is likely to be that most departments 
of “‘soft’’ biology in the university will have shrunk to such a size 
that they are no longer viable. In the meantime, most of them will 
no doubt whistle hard to keep their spirits up and will admit more 
students in the next few days than prudence would dictate. 

The second change of pattern now decreed that will prejudice 
the educational work of the university as a whole is the Court’s 
decree that undergraduate courses in which two principal subjects 
are combined should bear the brunt of the contraction. To be fair, 
the Court has not dreamed up this conclusion of its own accord, 
but instead has asked the grants committee for ‘‘guidance’’. 
Having been told of what was plainly an afterthought by the 
committee, the court has done its arithmetic accordingly. At no 
point has it been considered whether these decisions are 
educationally desirable. Yet there are several schools within the 
university where combined courses of this kind, involving both 
general and particular studies, are much valued by employers, not 
to mention students. In any case, when it is plain that one of the 
faults of the British university system is that it offers too 
specialized an education to most undergraduates, by what right 
does the grants committee recommend that the efforts made in 
London to put that balance right should be negated? The Court 
says in its letter to its pensioners that ‘‘the far-reaching impli- 
cations of this [decision] will have to be examined within the 
university’’. The snag is that its financial decisions for the coming 
year will have preempted sensible discussion. 

Third, the allocations of funds from the university budget of 
£157 million for the coming year must put the survival of many of 
the smaller schools of the university in jeopardy. The difficulty is 
that institutions whose costs consist largely of salaries for 
academic and ancillary staffs — often three-quarters of the total 
— cannot hope to live within the shorter commons now decreed 
by getting rid of staff, for contracts of employment often require 
that notice of dismissal should be given before the beginning of an 
academic year. So how will such places manage? Especially in 
those schools where the numbers of students from overseas has 
fallen sharply, the outlook must be grim. Yet the Court of the 
university promises nothing in the way of help. Instead it hopes 
that the ‘‘cost of contraction’’ can be met ‘‘from some special 
source” and mentions the £20 million the Universty Grants 
Committee set aside last year to meet the cost of academic 
redundancy. On present form, the true cost will be far greater. 

For other than financial reasons, this is an awkward time for 
the university. The Vice-Chancellor, Lord Annan, is about to be 
succeeded (on 1 September) by Professor Randolph Quirk. The 
senate of the university, responsible for academic policy, has just 
been reconstituted and will not be meeting until November. The 
new management has a daunting task ahead of it. It will also have 
an awkward constitutional problem to tackle. The Court of the 
university is charged with making final decisions of the 
distribution of funds but is barred from making decisions with 
academic implications without consulting the academic senate. 
The past few weeks have shown is that, at a time of rapid 


contraction, the notion that academic and financial 
considerations can be cleanly separated is a fiction. But so it must 
be even in good times. The isolation of the Court’s proceedings 
from the rest of the university, which has made a nonsense of the 
committee on academic organization, should not continue. 

The university must recognize that the looseness of its 
constitution is increasingly an encumbrance. In spite of the 
committees which occupy a substantial part of many academics’ 
time, the educational policy of the university is an amalgam of the 
separate decisions of individual schools. That it could or should 
be otherwise at places such as the London School of Economics or 
at Imperial College is unthinkable, but in the university as a 
whole, the result is inevitably duplication and incoherence. If it 
had the time, a stronger university might be able to create a pattern 
that makes more sense. But even in the short run, a stronger 
university could help deal with the most urgent problem — the 
future of academic staff. For it would be thoroughly anomalous if 
some parts of the university found themselves firing, or retiring 
prematurely, academics who might be usefully employed 
elsewhere within the university. And it is inequitable that the 
people who will be put out of work should be those who happen to 
be employed at schools which have been hard hit, either by the dis- 
appearance of overseas students or by the decisions forced on the 
Court by the arithmetic of penury — and the last-minute guidance 
from the grants committee. 


Year of the Medfly 


Californians (many of whom are ethnically Chinese) may 
remember 1981 as the ‘‘year of the Medfly’’. With a little luck, 
they may also come to think of 1981 as a year in which the 
innocence of those who pretend that nature is never malevolent 
was made to fade away. 

The Medfly is an aphid, and its name is arrived at by a 
shortening of ‘‘Mediterranean’’. It will probably never be 
possible to tell how the fly reached California or the importance, 
in the infestation of the past few weeks, of the supposed infertility 
of the supposedly sterile males released by the state government 
into the wild. With the winter (such as it is) soon to come, 
Californians will with reason be hoping that most, perhaps all, of 
this exotic species will be killed off, and that that will be an end of 
the affair. Most fruit farmers will be worse off, some may even 
have been made bankrupt, but life will go on, on Sunset 
Boulevard and elsewhere. 

Unfortunately, the truth is different. Aphids are pests and the 
stringent quarantine regulations in the United States that prohibit 
the unchecked importation of citrus fruit make the United States 
especially vulnerable to unfamiliar pests such as the Medfly. One 
concomitant of policies based on quarantine is that the 
consequences of a breakdown must be draconian. In Britain, for 
example, where vaccination against foot-and-mouth disease is 
not practised, infected animals must be slaughtered; and potential 
harbingers of rabies must be kept in isolation for six months. In 
California, the recognition of the first Medfly should have been 
followed by a vigorous attempt at its eradication. 

Governor Jerry Brown was, by all yardsticks, slow to come to 
this conclusion. Everybody will sympathize, although not 
everybody will condone. In many ways, it is admirable that 
California should have taken the lead, over many years, in the 
protection of its own delectable environment. Governor Brown 
himself, one of the torch-bearers, has benefited politically as a 
result. Much of what has been done in California to reduce the 
concentration of nitric and nitrous oxides in the atmosphere has 
cost a great deal of money, but somehow the state (and Mr Brown) 
has scraped along. The trouble with the Medfly is that it has 
challenged the governor in a way that could not fail to be 
politically embarrasing. Nobody who wants to stay in 
Sacramento can, with an easy conscience, order out the spray 
guns. So the Medfly has prospered. It would be sad if Governor 
Brown’s fortunes, as a result, went into decline. 





0028-0836 /81 (350786. 0180100 


©1981 Macmillan Journals Ltd 


Nature Vol. 292 27 August 1981 





787 





Biotechnology’s first casualty — so far 


DNA Science 
left out 
on a limb 


Washington 

E.F. Hutton, one of Wall Street’s 
leading investment houses, is having 
second thoughts about its involvement in 
recombinant DNA research. Earlier this 
month the company backed out of a deal it 
had set up which would have used money 
from over 40 institutional investors to 
support academic research in both US and 
foreign laboratories. Now it is talking of an 
alternative, less ambitious scheme 
exploiting recent changes in tax legislation 
to sell genetic engineering research as an 
attractive tax shelter. 

The initial plan, first announced in 
February of this year, was to channel 
investment funds to scientists through a 
company set up by Hutton called DNA 
Science. The centrepiece of this scheme was 
an agreement with the Weizmann Institute 
of Science in Israel for collaboration on 
research projects. Weizmann would have 
provided the molecular biologists and 
DNA Science the chemistry through Nobel 
laureate Dr Christian B. Anfinsen, 
appointed chief scientist of an Israeli sub- 
sidiary called Taglit. 

According to Hutton, the deal fell apart 
when the investment company began to 
have doubts about the legal propriety of 
mixing “‘passive’’ and ‘‘active’’ investors, 
some merely seeking a financial return, 
others demanding a greater involvement. 
The potential conflict between these goals 
surfaced when one proposed investor, 
Johnson and Johnson, began negotiating 
for exclusive marketing rights to any 
products which resulted from DNA 
Science-financed research. 

Failure to reach agreement before a 
target date stipulated in the publicly- 
distributed prospectus, by which $40 
million was to have been raised, meant that 
Hutton was required to return the money it 
had already collected from outside 
investors. But the debate over the 
appropriate form of involvement by 
investors also reflects growing concerns 
that the potential commercial benefits of 
genetic engineering may have been 
oversold. 

In addition to dropping the Weizmann 
deal, which would have focused largely on 
interferon, other proposals now being 
reassessed include an arrangement with the 
Battelle Memorial Institute in Columbus, 
Ohio, for research into projects such as the 
use of microorganisms to degrade toxic 
wastes, and collaboration with Dr John 
Baxter of the University of California 
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in San Francisco. 

Dr Harsanyi, vice-president of DNA 
Science, says the company will now 
concentrate on putting together individual 
projects or “packages of projects” for 
separate funding by groups of investors, 
rather than trying to raise the initial capital 
in one lump. This means shifting the focus 
from long-range research to projects with 
more clearly-defined commercial goals. 

Exploiting the tax haven incentives 
offered by research and development 
financing that were recently increased by 
the federal government will exclude some 
of the original investors, such as pension 
funds, which already enjoy significant tax 
concessions. 

lronically Hutton was one of the first 
major financial houses to promote the 
long-range commercial potential of 
recombinant DNA research. Nelson M. 
Schneider, a pharmaceutical analyst with 
the company who is credited as the 
principal architect of DNA Science and is 
now one of its vice-presidents, reported to 
a congressional committee in June that, if 
present trends continue, by 1985 private 
companies could be putting as much into 
biomedical research as are the National 
Institutes of Health (NIH). 

Under the scheme unveiled in February, 
which had been suggested as a model for 
university/industry collaboration in 
supporting recombinant DNA research, 


CERN declares peace 


The 26-km circumference large electron- 
positron ring (LEP) proposed for con- 
struction at CERN near Geneva seems to 
be steering itself successfully among the 
several political shoals that surround the 
project. The lastest development is that 
CERN and the most active environmental 
opposition group, Agena, have issued a 
mollifying joint statement. 

Agena, which includes a local mayor 
among its six members, was successful in 
halting work ona reconnaissance gallery by 
means of a legal technicality. It has also 
been active in canvassing support against 
LEP within the Jura region of France, so 
any degree of rapprochement between 
Agena and CERN is significant. 

In the statement, Agena says it is 
concerned about LEP polluting water and 
the air, and about LEP’s possible effect of 
reducing employment at CERN (to help 
pay for the project). Agena asks that 
CERN should adopt a ‘‘different 
approach” and give local people time to 
express their opinions on the project. 

For its part, CERN promises to consult 
all relevant associations and trade unions in 
“an atmosphere of cooperation’’; says that 
it ‘‘understands’’ Agena’s fears; that 
anyone is free to speak to CERN and its 
director-general, Professor Herwig 
Schopper, and that no work will be done 


DNA Science would have set up a number 
of small ‘daughter companies’’ near 
university campuses in which university 
staff could apply themselves to commer- 
cially-oriented research while maintaining 
their campus links. 

This was to have been the arrangement 
with the Weizmann Institute under an 
agreement reached with the institute’s 
commercial arm, the Yeda Research and 
Development Corporation. Dr Anfinsen 
said last week that he had resigned from his 
post as head of the laboratory of chemical 
biology at the NIH’s National Institute of 
Arthritis, Metabolism and Digestive Dis- 
eases to take up the Israeli position with 
DNA Science. He said that he was waiting 
to see what happened at the Weizmann 
Institute, which might continue working in 
the same direction on its own, before 
deciding what to do next. 

DNA Science officials are confident that 
much of their work in finding both 
investors and research projects needing 
support can be salvaged. Dr Harsanyi says 
that several university groups have 
approached Hutton, interested in 
exploiting their research, but reluctant to 
become involved in the commercial 
management of their results. DNA Science 
is offering to take on this management 
responsibility, which could include finding 
potential customers for products. 

David Dickson 


with the locals 


until an environmental impact statement is 
complete, and the French and Swiss 
authorities have been given time to react 
through the normal national channels 
providing planning permission. 

This latter move is an important step for 
CERN — although Schopper proposed it 
at the June meeting of CERN Council, well 
before the joint statement with Agena. 
Legally, CERN is an international 
organization which officially needs to deal 
only with the foreign ministries of member 
and host states. But construction 
of LEP, reaching deep into French and Swiss 
territory far from the original CERN 
site, has occasioned new rules. 

The principal step is the production of an 
environmental impact statement for the 
French Ministry of Research and 
Technology, the Ministry of Environment 
and the Ministry of External Relations in 
October. Then, under French law, a 
commission of inquiry will be set up which 
will assess local opinion and invite 
witnesses (including, presumably, Agena 
itself). The commission will report, and 
finally a decision will be taken either by the 
local préfet of the département or the 
Conseil d‘Etat. This process could take 
until March 1982. Swiss law is less exacting, 
but the French process is likely to be longer. 

Meanwhile, the French research ministry 
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is taking steps to unblock the restraint on 
the LEP reconnaissance gallery, which 
depends on whether the gallery is a 
temporary or a permanent construction, If 
it is temporary, the law under which 
permission was originally granted is 
appropriate; if permanent — as Agena 
successfully argued — it is not. The 
ministry is attempting on the one hand to 
argue that the gallery is, after all, 
temporary and on the other to get approval 
through a different law. Robert Waigate 


Particle physics 
Director resigns 


Washington 

Dr George Vineyard, director of the 
Brookhaven National Laboratory on Long 
Island, New York State, announced last 
week that he is stepping down in order to 
return to full-time research. His 
resignation has been accepted ‘‘with 
regret by the board of trustees of 
Associated Universities Inc., the 
consortium of nine universities which 
operates the Brookhaven Laboratory for 
the US Department of Energy. In a 
statement issued after the board’s meeting 
last Monday, Dr Vineyard said that after 
nine years as director of Brookhaven, 
where he has been since 1954, ‘‘this 
appeared to be a good time to make 
the move’’. 

His resignation has, however, inevitably 
been linked to growing speculation that the 
Reagan Administration is contemplating 
cutting funds for further development 
work on Brookhaven’s planned 400 x 400 
GeV intersecting storage accelerator 
(ISABELLE) which is facing delays and 
cost over-runs. 

Uncertainty over the fate of ISABELLE 
has been growing ever since the laboratory 
encountered serious difficulties in 
developing the superconducting magnets, 
1,100 of which will be required to complete 
the accelerator’s two-mile circumference 
ring (Nature 286, 435; 1980). 

Brookhaven now says that the problems 
with the magnets seem to have been solved 
with a new design, but the delays have 
inevitably resulted in cost over-runs. The 
bill for ISABELLE is now put at $500 
million, compared with an original 
estimate of $420 million, and completion is 
now expected in 1988 rather than 1986. 

Given the intense competition from the 
new proton—antiproton collider under 
construction at CERN in Geneva, which is 
now likely to beat ISABELLE to one of its 
principal goals, the discovery of weak 
vector bosons, those responsible for 
ISABELLE face a daunting task in 
maintaining political support for their 
machine. 

Dr Vineyard denies that his resignation 
has anything to do with the problems with 
ISABELLE, pointing out that the 
accelerator has “turned the corner by 
overcoming technical difficulties with the 
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superconducting magnets’’. He says that 
other research at the laboratory is in a 
healthy state, and that the new national 
synchroton light source is about to go into 
operation. 

The Reagan Administration has, 
however, been making lukewarm noises 
about continued support. A meeting 
between the High Energy Physics Advisory 
Panel and the National Science 
Foundation next month is likely to discuss 
options. One is a scaled-down design, using 
superconducting magnets which have 
already been constructed at the Fermi 
National Laboratory but produce a slightly 
lower field that would mean a lower 
luminosity. Another is to scrap 
ISABELLE altogether. The Administra- 
tion is awaiting the outcome of this meeting 
before deciding whether to go on as 
planned, or adopt one of these alternatives. 

David Dickson 


Incoherent scatter radar 


Auroral visions 


A new high-power radar facility, 
designed to study the Earth’s upper 
atmosphere and magnetosphere at auroral 
latitudes, was inaugurated by the King of 
Sweden on 26 August. The £13 million 
radar’s operation will be supervized by the 
European Incoherent Scatter Association 
(EISCAT) whose headquarters are in 
Kiruna, Sweden. The director of the 
association is Tor Hagfors. 

The member countries of EISCAT are 
West Germany, France, the United 
Kingdom (each contributing 25 per cent to 
the capital and running costs), Sweden, 
Norway (both 10 per cent) and Finland (5 
per cent). Half the working time of the 
facility will be spent collecting data for 
common use. For the remainder, each 
country will have control of the facility for 
a time proportional to its financial 
contribution, 

The radar was originally scheduled to 
start operation in 1978 but was delayed due 
to a faulty klystron — a vital transmitter 
component which turned out to be more 
difficult to develop than expected. The 
delay must have proved particularly 
frustrating to those itching to make their 
reputations with the new facility, but 
EISCAT’s twenty or so staff have spent the 
time making astronomical observations 
with the receivers and developing computer 
software. 

The facility consists of two radar 
systems, one operating at VHF (224 MHz) 
which is expected to be ready by next year, 
and a tristatic UHF (933 MHz) system with 
atransmitter/receiver at Tromso, Norway, 
and receivers at Kiruna and Sodankyla, 
Finland. The UHF system has already 
produced its first crop of data. The 
combined systems will be able to monitor 
the atmosphere from 50 to 3,000 km. 

The incoherent scatter technique, which 
EISCAT’s radar utilizes, exploits the fact 


Deadline missed 


Legislation to bring Britain into line 
with the European Commission’s direc- 
tive on the notification of new chemicals 
will not now be enacted before the 18 Sep- 
tember deadline. The Health and Safety 
Executive acknowledged this week that 
too many problems still remain to be 
ironed out. And in any case, Parliament 
will not reconvene until October. 

The executive is not, however, worried 
that the commission will take proceedings 
against the United Kingdom — the 
United Kingdom is not the only laggard. 
One source of confusion is that the Euro- 
pean directive requires the compliance 
not merely of governments but of other 
corporate bodies, including commercial 
companies, which may find that after 18 
September they are bound by the directive. 

The commission is planning to publish 
in the near future an inventory of all 
chemicals at present manufactured and 
sold in Europe. Companies will have nine 
months from the date of publication to 
tell the commission of substances not on 
the list. After that, new substances will 
have to be tested (toxicologically and 
otherwise) in accordance with the direc- 
tive. Until then, however, the British and j 
other European parliaments will have a 
breathing space in which to find time to 
comply. Judy Redfearn 











that radio waves can be scattered off 
individual electrons and off density 
variations caused by plasma waves in the 
ionosphere. This region of the atmosphere, 
which is ionized by solar and cosmic 
radiation, extends upwards from 50 km or 
so. The spectrum of backscattered radio 
pulses can be analysed to reveal a sur- 
prisingly large number of atmospheric 
parameters such as electron and ion 
densities, ion composition, electric fields, 
neutral and ionized wind velocities and 
temperatures. 

Several incoherent scatter facilities have 
been constructed in the past, the most 
powerful being at Arecibo in Puerto Rico. 
Only one has operated at auroral latitudes, 
that at Chatanika in Alaska, which is itself 
to be moved to Greenland to allow more 
effective collaboration with EISCAT. The 
auroral zone is particularly important to 
those interested in solar—terrestrial 
relations because it is here that those 
relations are most manifest. For example, 
charged particles ejected from the Sun 
during solar disturbances can be trapped in 
the Earth’s magnetosphere and may 
eventually spiral down the Earth’s 
magnetic field lines to precipitate into the 
auroral upper atmosphere, causing heating 
and intense electric currents. EISCAT’s 
sensitive radar should allow a detailed 
picture of such events to be developed, 
particularly when used in conjunction with 
other ground, rocket and satellite based 
experiments. Philip Campbell 


©1981 Macmillan Journals Lid 


Nature Vol. 292 27 August 1981 


Soviet academics 


Three deprived 


Three Soviet Jewish refusnik scientists 
have recently been deprived of their higher 
degrees, apparently as a result of their wish 
to emigrate to Israel. They are Aleksandr 
Paritskii, a Candidate of Technical 
Sciences, formerly employed at the 
Khar’kov Institute of Metrology on the 
design of high-precision ultrasonic ranging 
devices; Valerii Soifer, from Moscow, a 
Candidate of Biology, specializing in plant 
mutagenesis; and Mikhail Fuks- 
Rabinovich of Moscow, a meteorologist. 

Paritskii and Soifer, who applied to go to 
Israel in 1976 and 1977 respectively, were 
refused permission on the grounds of the 
“secrecy” of their former employment. 
The reason that Fuks-Rabinovich did not 
receive his visa is unknown. 

Higher degrees — those of ‘‘Candidate’’ 
(roughly equivalent to a PhD) and 
“Doctor” (which normally requires a 
minimum of ten years further research) — 
are not, in the Soviet Union, conferred by 
individual universities, but are instead 
awarded by a special all-union body, the 
Higher Attestation Commission (Vysshaya 
Attestatsionnaya Komissiya; V AK). 

Originally VAK came under the Ministry 
of Higher and Specialized Secondary 
Education, but was transferred in 1974 to 
the control of the Council of Ministers by a 
resolution of the Central Committee of the 
Communist Party and the Council of 
Ministers of the Soviet Union. This 
involved what the chairman of VAK, 
Professor V.G. Kirillov-Ugryumov, des- 
cribed as ‘‘qualitative changes’’. In par- 
ticular, he said, the new regulations 
required postulants for a higher degree to 
“combine a profound professional know- 
ledge with a mastery of Marxist-Leninist 
theory and with the convictions of an active 
builder of communist society’’. 

Jews who wish to emigrate to Israel 
clearly do not show such ‘‘convictions’’, 
but so far the Soviet establishment has been 
content to expel them from professional 
employment. The new regulations came 
into force on 1 January 1976, by which time 
Paritskii, Soifer and Fuks-Rabinovich had 
presumably all obtained their Candidates’ 
degrees. Until now there had been no sug- 
gestion that the regulation should be made 
retroactive. 

From a practical point of view, the loss 
of their Candidates’ degrees should make 
no difference to the three scientists. 
Indeed, the change could even benefit 
them, since several refusnik scientists have 
been unable to keep menial jobs which they 
took to try and support themselves, finding 
themselves sacked because they were 
‘‘over-qualified’’, some facing charges of 
“parasitism” (being without visible means 
of support). However, from the point of 
view of Soviet academic life at large, their 
deprivation sets what could be a dangerous 
precedent. Vera Rich 
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Space economics 


Ariane gets an edge 


Washington 

The fledgling European space industry 
has scored its first success in the American 
market. Southern Pacific Communica- 
tions (SPC), a San Francisco company, has 
selected the European Space Agency’s 
Ariane rocket for launching its first 
telecommunications satellites in preference 
to the Delta launcher of the National 
Aeronautics and Space Administration 
(NASA). 

Two satellites will be launched for SPC 
in 1984, which will rent out transponders 
on the satellites to cable television 
companies. The deal is a boost for 
Arianespace, the French-based company 
which will take over responsibility for the 
commercial operations of Ariane when the 
test flights have been completed. 

SPC is the first US company to make a 
firm agreement to use Ariane, although 
according to Arianespace officials 
reservations have been made by Western 
Union, RCA and Satellite Television Cor- 
poration and preliminary negotiations 
have started with GTE. Intelsat, the inter- 
national telecommunications organization, 
has signed up for Ariane launches for three of 
its next series of satellites, due to be placed in 
orbit next year. 

The major attraction seems to be the price. 
Arianespace is offering extremely favourable 
terms for a launch, including a requirement 
that only 20 per cent of the launch price — 
thought to be about $40 million for the SPC 
satellites — need be paid before the launch, 
with the remainder spread over the following 
five years. 

Officials with the Grumman Corporation, 
which is acting as the marketing agent for 
Arianespace, are also making the most of 
continuing delays that are expected in the 
initial schedule for launches by NASA’s 
space shuttle. An advertisement placed in the 
US press shortly after the successful third 
launch of Ariane from French Guiana in late 
June lists among the advantages of conven- 
tional launchers ‘‘well known technology and 
firm dates for operational customers’’. 

The deal with SPC reflects the growing 
problems that NASA faces in putting the 
space shuttle into operational service. 
Already budget restrictions and various tech- 
nical difficulties have forced the agency to cut 
the number of flights planned in the first five 
years of operation from 48 to 34. Priority in 
scheduling these early flights is being given to 
the Department of Defense, requiring several 
commercial companies either to delay their 
launches or seek more conventional launches. 

Intelsat, which had initially planned to 
launch its next series of satellites from the 
shuttle, chose Ariane rather than the Atlas 
Centaur launcher primarily because of cost. 
Now SPC, which is eager to tap the rapidly 
burgeoning field of cable television — and 
has already sold all the transponders on its 
first satellite — has selected Ariane also on 
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cost grounds. 


NASA, not surprisingly, is not too happy” a 


with these developments. Although accepting 
what it sees as fair competition from the 
European space industry, some officials in 
the agency feel that the generous financing ` 
terms being offered represent a government- 
backed subsidy which they are unable to 
provide. 

But the agency has enough problems ofits 
own to worry about in getting the shuttle into 
full operation. There is now talk of projected 
cost over-runs in the shuttle programme next 
year of up to $500 million, which could havea 
significant impact on several of NASA's 
activities. 

One way of absorbing some of these 
costs, if the Administration does not come 
up with additional funds, would be to 
make still further reductions in the initial . 
launch schedule, cuts which would again 
fall most heavily on commercial customers. 
Another would be to make deeper cuts in 
the space science programme, perhaps — 
delaying or even cancelling the Galileo 
mission to Jupiter, scheduled for 1986. 

With the White House talking of further 
substantial reductions in public. 
expenditure next year, NASA’s prospects _ 
look bleak. None of this augurs well for the 
International Solar Polar Mission (ISPM), 
planned jointly with the European Space 
Agency. Congress is still debating whether 
to replace funds for the spacecraft which 
the United States is contributing tothetwo- ` 
vehicle mission, which was axed by the - 
Reagan Administration in March. 

Publicly NASA officials are continuing ` 
to express enthusiasm about maintaining 
the US involvement in the mission, But 
internal budget proposals sent up to NASA 
administrator James Beggs for the next 
year are said not to include any funds for 
the ISPM spacecraft (nor for a mission to 
Halley's comet, now being pushed as a 
sample-return mission to distinguish it 
from the European Space Agency’s Giotto 
programme). This could change before the 
final budget proposals are agreed to either - 
by the NASA hierarchy or with the Office 
of Management and Budget; but nobody is 
being too optimistic. David Dickson 
@Judy Redfearn adds: 

Arianespace says that potential 
customers have been heartened by the | 
success of the test flight from Kourou, 
French Guiana, in June. Those already 
holding launch reservations are apparently 
beginning to negotiate term contracts. One 
official guesses that three of the 14 reser- 
vations now on the books will be made firm 
by the end of December. The Ariane rocket 
will put a satellite into geostationary orbit 
for between $27 and $28 million. Thor 
Delta launches now cost up to $7 million 
more. The attractions of the shuttle, 
originally estimated to cost between $15 
and $16 million per launch, have dimin- 
ished with the uncertainty about the | 
project and the threat that the cost will 
increase by more than half in 1984 an 
perhaps by three times that. n 
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Deep sea research 


Watery grave? 
Washington l 


In a compromise designed to meet con- 
flicting pressures on oceanographic 
research, the National Science Foundation 
(NSF) has decided to incorporate its 
current Deep Sea Drilling Project (DSDP) 
into its new Ocean Margin Drilling 
Program (OMDP), the latter to, be 
financed jointly with the oil industry using 


the drilling ship Glomar Explorer to.. 


investigate the geology of the ocean bed. 

The decision will mean phasing out 
Glomar Challenger, the ship from which 
DSDP currently operates. Several 
scientific goals of the programmes will 
continue in drilling from the Explorer. To 
accommodate them, part of Explorer’s 
own research programme, to be directed at 
the ocean margins beyond the edge of the 
continental shelf, will be delayed. 

NSF officials hope that by combining 
the two programmes they will significantly 
reduce the total costs of scientific ocean 
drilling programmes and provide a 
“realistic framework” within which both 
can be pursued. In addition to the financial 
advantages, they concede that the decision 
should reduce some of the friction that had 
been caused by the scientific community’s 
concern that commercial goals would 
squeeze out scientific objectives. 

Ten oil companies have so far agreed in 
principle to contribute towards the costs of 
the Ocean Margin Drilling Program, 
announced last year by NSF as a jointly- 
funded venture (Nature 283, 321; 1980). 
The project had been enthusiastically 
promoted by the Office of Science and 
Technology Policy as a model for future 
collaboration between the public and the 
private sector. 

Many scientists, however, feared that 
too much of the OMDP activity would be 
concentrated on areas of the ocean floor of 
greater interest to the oil industry than to 
the academic community; also that the 
series of experiments currently being 
conducted from Glomar Challenger, which 
can drill holes more cheaply and quickly 
but is more restricted in its performance, 
than Glomar Explorer, would be brought to 
a premature conclusion. 


Dr John Slaughter, director of NSF, has | 


now announced a compromise. Glomar 
Challenger will be retired in about 1983, 
when experiments would be transferred to 
Explorer, Plans to equip Explorer with a 
“riser” — a casing around the drill used to 
prevent blow-outs from occurring if 
pockets of oil or gas are hit — would be 
carried out 2 or 3 years later. After that the 
Explorer would divide its time between 
OMDP (to which industry will contribute 
about $18 million a year) and an extension 
of the current non-riser drilling being 
carried out by Challenger, a solution which 
seems acceptable to both scientists and 
industry representatives. David Dickson 
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This is the text of an adjudication issued 
by the UK Press Council on 26 August: 

The Press Council finds the author was 
invited to submit an article but not that 
there was an undertaking that the article 
would be published. Notwithstanding the 
invitation, whether it would be published 
remained a matter for the editor’s 
decision. Alterations which met the 
criteria laid down by the editor had not 
been made by the time he told Dr Miller 
he had decided after all not to publish the 
article and suggested he send it elsewhere. 

The editor did, as Dr Miller complains, 
submit the article to another scientist 
mentioned in it, but the Press Council is 
satisfied he did so with Dr Miller’s con- 
sent and no complaint can be made at this. 

The council is not satisfied the editor 
used material from the unpublished 
article in his editorial comment dealing 
with the same subject. The council, 
however, believes that the timing of the 
editorial comment so soon after the 
rejection of the article was unfortunate. 
It shares the view put to it by the editor 
that he ought to have given Dr Miller a 
fuller answer sooner — and thus an 
opportunity to submit his article to 
another scientific journal for 
consideration before publication of 
Nature’s editorial on the subject. The 
complaint against Nature is not upheld. 

The explanatory statement issued by 
the UK Press Council is as follows: 

Although a scientist was invited to 
submit a magazine article, the decision 
whether to publish it was for the editor, 
the Press Council has ruled. 

Soon after an invited article was 
rejected, the magazine commented 
editorially on the same subject. Despite 
the unfortunate timing, the Press Council 
said, it was not satisfied the editor used 
material from the submitted article. 

The council did not uphold a complaint 
against Nature by Dr Jeffrey H. Miller, 
professor in the Department of 
Molecular Biology at the University of 
Geneva that, having refused to publish an 
invited article submitted to him in 
confidence and amended by the author 
according to requirements stipulated by 
the editor, the editor submitted the article 
to a person mentioned in it and used some 
of the material in the article as the basis of 
his own editorial comment. 

Dr Miller suggested an article to Nature 
and was asked to submit it. In it he 
forecast growing controversy over mixed 
industrial and academic research into 
applied microbiology. The article 
contained criticisms of Professor Charles 
Weissmann, of the University of Zurich. 

Mr John Maddox, who then became 
editor of Nature, sent Dr Miller an 
amended copy of the manuscript, saying 
charges against individual scientists 
should be justifiable and temperate. Dr 
Miller sent a second version including 
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many suggested changes but which was 
still critical of Professor Weissmann. 

The editor phoned Dr Miller saying he 
was ready to publish the article but would 
like to show it to Professor Weissmann. 
Dr Miller gave permission. Mr Maddox 
later said he could not publish the article: 
it was too directly concerned with 
Professor Weissmann’s work. 

Dr Miller then sent a third version, 
saying he had agreed to the professor 
seeing the article because he assumed it 
was agreed in principle to publish it. 
Although he asked for an explanation if 
the article was not published, he did not 
receive one. 

Soon afterwards Nature commented 
editorially on the propriety of academics 
being involved with commercial interests, 
saying attempts to exploit new genetic 
manipulation techniques could sour the 
atmosphere of academic research. 

After the solicitors for Dr Miller 
complained to the Press Council, the editor 
said it was a convention of the scientific 
press that personal criticism by outside con- 
tributors was not published without 
warning. He would have replied to Dr 
Miller if the latter had not told a colleague 
that he would complain to the council if his 
third draft were not published. 

Dr Miller said the editor’s plagiarism of 
themes not before similarly expressed made 
it difficult to publish his article elsewhere. 
Mr Maddox argued that Dr Miller’s 
comment covered the whole academic 
community while the leading article dealt 
primarily with molecular biology. 

Mr Maddox said there were incorrect and 
unpublishable charges against Professor 
Weissmann in the first version. He had had 
two long phone conversations with Dr 
Miller. In the second he said he would 
publish the article if the professor could see 
it. Discovering that Professor Weissmann 
acted with propriety had undermined his 
confidence in Dr Miller’s reporting. 

Dr Miller commented he had under- 
stood the article was accepted for 
publication and only the Weissmann 
references were in doubt. The reasons 
given for withdrawal had no substance 
and the editor drew heavily on his article. 

Dr Miller could not attend an oral 
inquiry. Mr Maddox told the complaints 
committee he showed the second version 
to Professor Weissmann, who explained 
he had a formal agreement regulating his 
commercial activities. This was not 
mentioned in Dr Miller’s drafts. Mr 
Maddox said that his reaction to the third 
draft was that Dr Miller could have made 
the amendments earlier but that on 
reflection he regretted his rather hot- 
tempered reaction that there was no point 
in further correspondence. 

Nature has no further comment to make 


except to hope that Dr Miller (and 
Professor Weissmann) will continue to 
contribute to its columns. 
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Coping with cuts 

Sir — The sad plight of UK universities facing 
increasing costs and diminishing financial 
support, possibly even the elimination or 
demotion of ‘‘redundant”’ universities, moves 
me to suggest an arrangement not uncommon 
in American universities, whereby members of 
university faculties have 9-month rather than 
12-month appointments. 

This means that faculty members have 
3 months in the year free for other activities. 
Scientists and engineers can frequently find 
summer employment in government and 
industrial laboratories, where the broader 
experience may well be beneficial to their 
university teaching and research. In any case, 
the experience may be valuable in combating 
the ivory tower outlook and maintaining 
contact with the real world. Colleagues in the 
humanities may find it more difficult to obtain 
alternative summer employment, but they 
would be free to write books, paint pictures, 
compose music and thereby practice the arts 
they teach. 

In many cases, it may not be necessary for 
the ‘‘9-month scientist” to forsake his 
laboratory. A large part of American 
(meaning US) university research is funded by 
grants from government agencies and from 
industries. It is common practice for a 
research proposal to include not only support 
for a post-doc associate or a graduate student 
assistant, but also an item for 50 per cent or 
even 100 per cent of the time of a faculty 
member for two-or three months of the year. 
Such support is by no means automatic but 
depends.on the quality of the proposal, that is, 
on the quality of the person making the 
proposal. 

Thus in one way:or another the really 
capable people on-university staffs can add 
usefully:to'their'salaries and those who have 
“retired”’ from:active productive scholarly 
work and have little or no standing in their 
subjects:are left where they belong, at a lower 
level on the financial ladder. 

Much good can come from the operation of 
the free enterprise system, and those who 
prefer the old, easy-going ways must accept 
lower annual remunerations. 

G.W. BRINDLEY 
Pennsylvania State University, 
Pennsyivania, USA 


Nuclear electricity 


Sir — In commenting on the analysis of 
relative costs of nuclear and coal-fired 
electricity given in Appendix 3 of the Central 
Electricity Generating Board (CEGB) 1979/80 
Annual Report, I stated that ‘‘the full 
calculation (of costs corrected for inflation) 
can only be undertaken when the CEGB 
decides that its present policy of withholding 
the data . . . is counterproductive’’ (Nature 

. 287, 674; 23 October 1980). I had first asked 
in specific detail for the data at the beginning 
of September 1980 and had pursued the matter 
through both the Department of Energy and 
the CEGB to the extent of getting a discussion 
meeting with both department and board 
officials present. In spite of this the detailed 
figures of capital cost only became available at 
the end of March 1981 and then only as the 
result of a parliamentary question put down 
on 2 February. 


The results of the present calculations, 
utilizing the newly available data are 
summarized in the table below. These 
calculations are significantly different in 
method from those used in an earlier paper 
(Energy Policy, December 1980, p.344-6) and 
referred to in my letter of 23 October. The 
retail price index (RPI) has been used to 
correct for inflation and a uniform interest 
rate of 5 per cent has been applied instead of 
the historic National Loans Fund rate. 

However, as the table below shows, even 
with these modifications the inflation 
corrected cost of nuclear electricity from 
Magnox stations is still 18 per cent above that 
of comparable coal fired stations, instead of 
17 per cent below as given by historic costs, 
and if a previously unconsidered effect of 
inflation on nuclear fuel costs is included, the 
margin becomes 34 per cent above that for coal. 

Calculations similar to those for the stations 
of Table 1, Appendix 3 have been done for 
Hinkley Point B and Drax (first half) (Table 
2). The results are also given below. The full 
paper giving the details of the calculations and 
dealing also with stations under construction 
and future stations (Tables 3 & 4, Appendix 3) 
is in preparation (to be submitted to Energy 
Policy). 








Generation costs at nuclear and conventional 
stations (pence per kWh 1979/80 prices) 


Stations commissioned between 1965 and 1979 


1 2 3 
Nuclear 1.30 2.06 2.34 
Coal-fired 1.56 1.75 1,75 
Nuclear/Coal 83 n8 134 


; 
Hinkley Pt B {AGR) and Drax (first half) (coal-fired) 
4 5 6 3 


Hinkley Pt B 

(nuclear) 1.35 1.80 2.06 2.38 
Drax (first half) 

(coal-fired) 1.52 1.69 169 1.69 
Nuclear/Coal % 89 107 122 141 





Notes to columns: (1) Historic costs as given by CEGBin 


Table 1, Appendix 3, 1979/80 Annual Report. (2) RPI 
corrected capital costs, $ per cent interest rate and fixed costs 
corrected for load factor equal to availability. (3) As 2, but 
with the addition of an estimated minimum inflation 
correction for nuclear fuel costs. (4) Historic costs as given by 
CEGB in Table 2, Appendix 3, 1979/8) Annual Report, (4) 
RPI corrected capital costs and § per cent interest rate. (6) As 
5, but with the addition of an estimated minimum inflation 
correction for nuclear fuel costs. (7) As 6, but estimated 
probable fuel cost correction. 


Finally may I take up one point in Dr Jones’s 
letter (Nature 288, 638; 1980) in which he 
criticizes my use of the combined coal and oil 
fuel costs in Fig. 1 of my letter of 23 October. 
Separate coal fuel costs in p/kWh similar to 
the combined ones of Table 9 of the CEGB 
Statistical Yearbook are not available, but 
figures of coal prices to the CEGB in p/GJ 
from 1960/61 to 1979/80 have been supplied 
by the Commercial Controller. When the real 
price index is normalized to equality with the 
coal and oil figures for 1972/73 and plotted 
on the same graph there is no significant 
difference between the points. | understand 
from Dr Jones that he was considering 
National Coal Board production cost data 
which may well give a different picture, but it 
is the price to CEGB and specifically the coal 
fuel cost in p/kWh which I was dealing with 
and my graph is an accurate reflection of this. 

JeW. JEFFERY 
Birkbeck College, 
Malet Street, London WCi, UK 
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Attack on Tamuz 


SIR — Your recent editorial “Making Israel 
atone for Tamuz” (Nature 18 June, p.323) 
leaves out many facts which are important in 
considering the reasons for Israel's attack and’ 
the reality of the situation. 

As you and Į are aware, nations do whatis 
in their best interest regardless of what treaties 
they do or do not sign. Just because one 
nation is a signatory of the Non-Proliferation® 
Treaty does not mean that it will not produce 
a nuclear weapon. Iraq has been one of 
Israel’s most aggressive and belligerent bd 
neighbours, and in fact these two countries are 
still at war with one another, as no peace f 
treaty has ever been signed. What could this or 
any other country do if indeed Iraq or any 
other nation had a nuclear weapon and 
threatened to use it against an enemy? We 
could not. stop the Soviet Union from invading 
Afghanistan, nor prevent the problems of 
Iran. We cannot even clear up the fighting in 
Lebanon. The world needs Iraq’s oil, so 
“international pressure” would never work. 

I agree with your statement concerning the 
use of oi] to generate hydroelectric power, but 
why did Iraq refuse to accept lower grade 
uranium that would work very well ina 
nuclear reactor to produce electricity, but 
would not be able to produce atomic 
weapons? Iraq demanded from France 
weapons grade uranium or their oil supply 
treaty would be null and void. In addition, one 
of the inspectors from the International 
Atomic Energy Agency stated during an 
interview that the reactor at Tamuz could 
easily have produced nuclear weapons and that 
such production could have been shielded 
from any inspector, thus making the whole 
question of on-site inspection ludicrous, 
Although Iraq was supposed to return the 
spent uranium to France for reprocessing, Irag 
also had uranium already purchased from 
Third World nations, thereby bypassing 
France completely. You also do not mention 
that Iraq had contracted with Italy to build a 
“hot cell” plant that would also allow for 
enriching and processing plutonium for no 
other purpose than to build an atomic bomb. 

M.S. PASCAL 


` 


Englewood, New Jersey, USA 


Sir — Israel’s attack on the Iraqi reactor may 
have been politically unwise, even immoral 
(although I suspect Benthamites might be able 
to generate some fairly strong Utilitarian 
arguments in support of the raid). His, 
however, something approaching hyperbole to 
characterize the raid as a flagrant violation of 
international law (Nature 18 June, p.323), as 
iraq remains in a technical state of war with 
Israel, and has repeatedly called for the 
destruction of the “Zionist entity". 
It is also somewhat naive, to be gentle; to 
assert that Iraq’s acceptance of the principles 
of the Non-Proliferation Treaty assures 
compliance with its provisions. Saviet citizens 
who seek the enforcement of the prin 
the Helsinki accord often must pack f 


On judgement day 
there may be many 
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Neutron bombs _ 


Sir — Neutron weapons, I was astounded to 
read in your journal, ‘‘are a blessing and not a 
curse’’, With blessings like that, who needs 
curses? 

That surely is the point about the theory of 
nuclear deterrence, Its insane logic presents 
every new cursed twist of the nuclear arms 
race as a blessing. The SO and 100 megaton 
weapons were supposed to be a blessing 
because politicians. would hesitate more before 
unleashing Armageddon. You now argue that 
neutron bombs are a blessing because they 
obviate the need to use the big bombs first. 
Next you. will argue, if a low-radiation high- 
blast bomb is developed, that this is also a 
blessing since it will destroy property but not 
people. And a Doomsday bomb that would 
blow the world asunder would also be a 
blessing because of the fear of starting a war 
that it would put in the enemy. 

In the last analysis, those who support the 
nuclear deterrent theory will-admit that these 
weapons are all a curse. That’s why one wants 
nuclear disarmament. But that sane admission 
cannot co-exist with the dogma that new 
weapons of death are a blessing. If you allow 
it to, you become guilty of a form of double- 
think which is scientifically dishonest and 
politically and militarily disastrous. 

As for the ‘‘cynical’’ (as you call it) 
argument that neutron weapons will help 
disarmament negotiations, it is not so much 
unrealistic, as you argue, as just plain stupid. 
It is surely obvious that balanced mutual force 
reductions are more difficult to obtain 
agreement over the more numerous become 
the weapons systems deployed on both sides. 
To argue the opposite is perverse. 

I am a “lay” reader of Nature. Your 
support of neutron weapons seems to me to be 
a betrayal of the efforts of your contributors 
to understand — and improve — the world we 
live in. Your arguments do disservice to. the 
entire scientific community and the human 
values that give it purpose. 

; MARTIN RABSTEIN 
London N5, UK 


Tue phrase complained of appears in the 
following sentence: ‘‘In the bizarre logic of the 
nuclear battlefield, in which strategic nuclear 
weapons are intended to stay forever in 
wonderland, neutron weapons are a blessing 
and not a curse.” — Editor, Nature. 


Shielding tanks 


Sir — The United States Government and the 
British Ministry of Defence claim that the 
neutron bomb is a weapon developed for use 
against tanks. You have stated (Nature 13 
August, p.571) that these weapons are more 
‘easily (than “‘ordinary”’ nuclear weapons) 
directed against military personnel. 

By making reasonable assumptions about 
neutron weapons concerning the neutron 
energy spectrum and the ratio of the neutron 
and gamma energy fluxes it can be shown that 
a radiation shield could be incorporated into 
the armour of a tank which would reduce the 
radiation dose to the crew by a factor of over 
100. Such a shield would negate the enhanced 
radiation properties of a neutron weapon. The 
neutron bomb would become no more 
effective than normal nuclear weapons of 
similar explosive power. 

The precise constituents of such a shield 
would depend on whether it would be attached 
on the outside of the tank or added as a lining 








be used as the outer component of the shield. 
A lining-of 10:cm.of polythene or other 
hydrogenous material would thermalize the 
neutrons and a millimetre of boron or other 
neutron absorber would remove the neutrons. 


The inside layer would be a gamma shield and | 


1 cm of lead would be adequate. Such a shield 
would add about 5 tons to the weight of a 30 
ton tank. 

This type of shield, which could be widely 
incorporated into tanks and military 
vehicles,would make neutron bombs no more 
effective against tanks than the small fission 
nuclear weapons which are reputed ta be 
widely distributed to United States forces 
throughout the world. 

The United States insistence that neutron 
bombs are for use against tanks in the face of 
widely available information which enables 
tanks to be protected against the special effects 
of neutron bombs, forces the impartial 
observer to attribute the real reason for the 
production of neutron bombs to their potent 
ability to kill people whilst causing only the 
minimum of collateral damage. 


The University, 
Leeds, UK 


Local reaction 


Sin — Apparently, Lord Rutherford’s maxim — 
that there is mathematics and physics and that 
all other activities are stamp collecting, is still 
valid in Ms Rich’s writings on Yugoslav 
scientific institutes. The result is a biased 
assessment of the scope of their competence, 
specifically in problems related to nuclear 
power (Nature 11 June, p.446-447). A quick 
check with the Science Citation Index would 
show the scientific activities of the two cited 
“‘nhysics’’ institutes to cover a broad range in 
Rutherford’s ‘‘philatelistic’’ category. 

Contrary to the statements in Nature’s 
article, there is no ‘‘local misunderstanding of 
the distinction between the charging of a 
reactor and its start-up”. There is no 
misunderstanding or lack of knowledge with 
respect to reactor or nuclear fuel technology, 
much less on the importance of additional 
power sources in a power-hungry country with 
few significant energy resources still available 
for exploitation. Nor has there ever been any 
misunderstanding based on ideological 
doctrinarism, contrary to what could have 
been perceived from another article by the 
same author (Nature 288, 5; 1980). 

The dispute is over the technological and 
organizational discipline necessary in building, 
starting and operating high technology units 
like nuclear reactors. The one mishap, in 1958, 
was the result of just such a typical breach of 
work discipline. 

The dispute is rather between the narrow, 
mission-oriented technocrats and the 
concerned scientists on the consequences of 
siting large facilities in an already ecologically 
strained region. Scientists insist on careful 
planning and broadly based environmental 
impact assessment. Their concern reaches 
beyond the narrow, albeit possibly correct, 
advice of ‘‘no technological obstacles”, 
offered by a reputable international expert to 
our supposedly less developed country. The 
dispute is well within the framework of 
questions raised in reviewing the Final Safety 
Analysis Report, and concerns another 
problem — that of the reference plant for the 
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The scientific community is not beyond 
reproach either, Its lack of credibility, or 

“‘weight’’, with the decision-making social 
strata stems from some recent and not so 
recent failings. But it should not be blamed for 
either disciplinary monoculture or primitive 
ecological extremism. 

I could not refrain from voicing my 
displeasure with these articles, although this 
letter might prove just another exercise in 
futility. Ms Rich’s articles remind me of a 
statement made by one of your great 
historians. Writing about an infamous 
propaganda minister of recent European 
vintage, he claimed that the points in the 
minister’s propaganda items were made so 
well, that even the opposite of it was still not 
the truth. 


‘ VELIMIR PRAVDIC — 
Ruder Bošković Institute, 


Zagreb, Yugoslavia 


VERA RICH WRITES — I cannot accept Dr 
Pravdic's statement that there is no “local 
misunderstanding’. During my visit to Zagreb 
in March and April of this year, 1 spoke with a 
number of members of the public who 
interpreted the announcement of the imminent 
‘“‘charging”’ of the reactor to mean that it 
would ‘‘start working’’ immediately. I fully 
agree that the main dispute lies between the 
“concerned scientists” and the technocrats. 
Perhaps the undoubted local apprehension 
arises from a fear that in such a conflict, the 
technocrats may win. 


Mystery genre 

Six — In reading Edmund Leach’s review of 
the book Genes, Mind and Culture by C.J. 
Lumsden and E.O. Wilson (Nature May 21, 
p.276) it strikes me that comments such as 
“crass idiocy’’, ‘‘parody of science’, 
“gibberish” and ‘“‘phoney’’ might be a trifle 
intemperate coming from a reviewer who 
admits that he cannot comment on the bulk of 
the work, which is in neuroscience and 
psychology. 

What is far more intriguing is the question 
of what Leach could have had in mind when 
he referred to the ‘‘genre’’ to which Genes, 
Mind and Culture belongs. At first it went 
right by me, but I did a double take later when 
I recalled that Leach had once written a review 
on the genre of ‘‘popular ethology” books, 
such as those of Lorenz and Ardrey. It was 
hilariously entitled “Don’t say ‘Boo’ to a 
Goose” and appeared in the New York Review 
of Books. 

That was 15 years ago. Is it possible that 
Leach is still referring to the same genre? I 
ask, because — significantly — he does not 
mention the major theoretical work 
Sociobiology in his list of E.O. Wilson’s 
credentials. Worse, he calls Wilson a 
‘“‘popularizer’’. Surely there is not a regular 
reader of Nature anywhere — on either side of 
the well-known floor — who conjures up the 
image of ‘‘popularizer’” when Wilson comes to 
mind. 

I urge that Leach be invited to identify the 
mysterious genre in which he has classified the 
Lumsden-~Wilson book and if it is ethology — 
there is virtually no ethology in Genes, Mind 
and Culture — then clearly his review must be 
rescinded from the pages of Nature as having 
been written by a uniquely unqualified party. 

N. JACKSON 
Belmont, 
Massachusetts, USA 
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Nobel Physics Prize in 


perspective 


Robert Marc Friedman* 


WITH the time for the announcement of the 
1981 Nobel Prizes approaching, it is timely 
to consider the nature of these awards. 
There is a need for.a wider understanding 
of the process by which these honours are 
determined: a realistic appreciation of the 
prizes can serve only to enhance their 
value!. So far, however, little has been 
written about the decision making process. 
By drawing on historical research, I shall 
seek to elucidate some of the issues which 
have been raised, especially relating to the 
scope of the prize in physics, — 
To what extent does Nobel’s will define 
the field of physics that can be considered 
for a prize? Little was specified in Nobel’s 
will and, while drawing up the statutes, the 
prize-awarding institutions resisted all 
attempts to delineate or define the broad 
terms ‘‘physics’’, ‘‘chemistry’’ and 
“physiology and medicine” used in the 
wil. Hence, when the members of the 
committee for the prize in physics met for 
the first time in 1901, they were faced with 


B. Hasselberg, wrote that the prize could 
be awarded for great achievements not 
only in “pure Physics properly so-called’’, 
but also in ‘‘the sciences most closely 
connected with Physics and for the 
cultivation of which physical methods are 
employed[;] as [such] Astrophysics and 
physical chemistry are also to be taken in 
account. This I suppose will certainly 
answer to the proper meaning of the 
testator. Whereas thus pure 
Astronomy or celestial dynamics or 
Astrometric [sic] will scarcely be included, 
any work on Astrophysics of great 
importance deserves certainly a thorough 
consideration”. 

Moreover, the inclusion of meteorology 
raised little, if any, objection; as well as 
acting as host for this meeting, the Meteoro- 


logical Institute’s director, Professor H. 


H. Hildebrandsson, served on the original 
committee. At the meeting, committee 
members called for strengthening the 
expertise in ‘‘cosmical physics”? (meaning 
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The history of the award of the Nobel Prize in Physics, which is partly the history 
of interpreting the statutes, also depends on the development of physics in 
Sweden. The now traditional restricted scope of the prize has its origin in past 
controversies, not formal rules. Einstein’s relativity and Bjerknes’s meteorology 


were both casualties. 
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the same ambiguities in the statutes that we 
recognize today. How ought they interpret 
and reconcile such clauses as ‘‘have 
conferred the greatest benefit on 
mankind’ and ‘‘most important discovery 
and invention within the field of physics’’? 
The provision in the will that works 
“during the previous year” should be 
interpreted to mean ‘‘for the most recent 
achievements . . . and for older works if 
their significance has not become apparent 


until recently’’, created further 
opportunity for uncertainty and 
arbitrariness. 


During the early years, both the 
committee and the executors of the estate 
understood that physics ought to be 
defined as broadly as possible’. At the first 
committee meeting, held at the Meteoro- 
logical Institute of the University of 
Uppsala, the committee agreed that 
astrophysics was eligible while astronomy 
was nott. More specifically, in responding 
to an inquiry, the head of the committee, 
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Norwegian Research Counei! for Scienve and the Humanities, 
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the physics of the macro-world) on the 
grounds that nominations from this branch 
of physics would surely increase®. In fact, 
during the next thirty years, nominations 
to honour various astrophysicists, geo- 
physicists and meteorologists were not and 
could not have been formally disqualified 
for being outside ‘‘physics’’ (for example, 
G. E. Hale, H. Deslandres, K. Birkeland, 
C. Stgrmer, N. Shaw, J. Hann, V. 
Bjerknes). In short, neither Nobel’s will 
nor the statutes restricted the definition of 
physics to a narrowly defined group of 
specialties. 


Narrow scope 

I shall argue that the subsequent restriction 
of the scope of the physics prize stemmed 
from a determined effort within the 
Swedish physics discipline. Not 
surprisingly, Nobel Prize deliberations 
became enmeshed in the process by which 
various factions within the Swedish 
physical science community attempted to 
define and to legitimize their particular 
notions of physics: its objects, methods 
and goals. The history of prize decisions, 
being also the history of interpreting the 
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H. H. Hildebrandsson, prafessor af meteorology 

and member of the committee for physics 

(1901-1910), hosted the committee's first 
meeting. 


statutes, cannot be divorced from. the 
development of the physics discipline in 
Sweden. Consequently, various traditions 
have been established for interpreting the 
statutes, which arose from past conflicts, 
debates and strategies for attaining 
authority, that have little relevance for the 
present. Traditions grounded in past con- 
tingencies ought not be mistaken for 
immutable, formal rules and regulations. 
Unfortunately, literature concerning the 
Nobel Prizes tends to discuss the awards in 
the passive voice, and thereby tends to 
reinforce the mystique of anonymity and 
objectivity in the decision process. This 
frequent use of the passive voice also slights 
the committee members, the difficulty of 
whose task is easily overlooked. 


The Nobel Committee 

Committee members play critical roles by 
evaluating nominees and selecting 
nominators. During the period for which 
committee archives are accessible 
(1901-30), the committee’s five members 
judged annually the nominations received 
and then proposed to the physics section 
(Klass) of the Royal Swedish Academy of 
Sciences how the prize should be allocated. 
Following approval from the A/ass, or 
suggestion of an alternative proposal, the 
full Academy then voted on the award. On 
some occasions, the Klass, and even the 
Academy, disagreed strongly with the 
original choice, so that the committee had 
to justify its actions carefully, especially 
when these were controversial or not 
unanimous. The committee members also 
drew up each year a list of institutions and 
individuals who would be invited to send 
nominations for the following year. Thus 
the committee regulated to some extent the 
nominators who might supplement the 
fixed group entitled to make nominations 


— members of the Academy, former: prize. 


winners, and professors of physics. at 
Scandinavian universities and technical 
colleges. 
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Dissent over Einstein 

The influence of the Swedish physics 
discipline on Nobel Prize decisions is well 
illustrated by Albert Einstein’s prize. In 
1922 the Academy voted to award Albert 
Einstein the previously ‘‘reserved’’ 1921 
Nobel Prize ‘‘for his services to theoretical 
physics, and especially for his discovery of 
the law of the photoelectric effect’’. Both 
the timing and the citation have long raised 
questions among Nobel Prize watchers. If 
the opinions of the scientific community at 
large, or more specifically of the 
nominators, had been decisive, Einstein 
would certainly have received a prize 
earlier, and for his theories on special and 
general relativity. 

As early as 1910, W. Ostwald began 
nominating Einstein for his werk in special 
relativity. During the First World War and 
immediately thereafter, many nominations 
for Einstein arrived specifying his research 
onrelativity, brownian motion and specific 
heats of solids and/or quantum theory in 
general. Following the famous 1919 solar 
eclipse experiment which, according to 
many, confirmed Einstein’s prediction of 
the bending of light by the gravitation of a 
massive body, a virtual flood of 
nominations for Einstein ensued. 

Yet, in 1920, the committee and the 
Academy agreed to award the prize to 
Charles Guillaume. One year later, 
claiming that they could not find any 


grounds for awarding a prize to Einstein, 


the committee, followed by the Academy, 
voted to reserve the 1921 prize’. Finally, in 
1922 Einstein received a prize, specifically 
for the law of the photoelectric effect — 
not for his quantum theory to explain the 
law, nor for relativity in any form. Of the 
approximately fifty nominations of 


W, Ostwald nominated Einstein for the 1910 
physics prize, specifying work on “the relativity 
principle”. By 1922 many physicists had 
proposed awarding a Nobel Prize for Einstein’s 
relativity theories; these included: Bohr, 
Eddington, Haas, v. Laue, Lorentz, Planck, 
Sommerfeld and Zeeman. 





EINSTEIN’S RELATIVITY THEORY 
OF GRAVITATION 


The debate on Einstein’s theory was in 
full flow in Nature of 4 December 1919. 
E. Cunningham wrote: 

THE results of the Solar Eclipse Expeditions 
announced at the joint meeting of the Royal 
Society and Royal Astronomical Society on 
November 6 brought for the first time to the 
notice of the general public the consummation 
of Einstein’s new theory of gravitation, The 
theory was already in being before the war; it is 
one of the few pieces of pure scientific know- 
ledge which have not been set aside in the 
emergency; preparations for this expedition 
were in progress before the war had ceased. 

The question from which Einstein began the 
great advance now consummated in success 
was this. If energy and intertia are inseparable, 
may not gravititation, too, be rooted in 
energy? If the enrgy in a beam of light has 
momentum, may it not also have weight? 

The mere thought was revolutionary, crude 
though it be. He asked for an out-and-out 
relativity of space and time, He would have it 
that there is not ultimate criterion of the 
equality of space intervals or time intervals, 


save complete coincidence. All that is asked is 
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that the order in which an observer perceives 
occurrences to happen and objects to be 
arranged shall not be disturbed. 

This, then, was the mathematical problem. 
The pure mathematics required was already in 
existence. An absolute differential calculus, 
the theory of differential invariants, was 
already known. In pages of pure mathematics 
that the majority must always take as read, 
Riemann, Christoffel, Ricci, and Levi-Civita 
supplied him with the necessary machinery, It 
remained out of their equations and 
expressions to select some which had the 
nearest kinship to those of mathematical 
physics and to see what could be done with 
them. 


Although in the letter immediately before 
Cunningham’s report, Alexander 
Anderson of University College Galway 
concluded: 

I THINK it is quite likely that if the refraction 
of the atmosphere of the Earth due to density 
changes during an eclipse could be accurately 
obtained and allowed for, it would be found 
that there is no Einstein effect at all, “| 








Einstein over the years, the law of the 
photoelectric effect was specified by only 
one nominator. Certainly, a familiarity 
with the committee must be sought to begin 
understanding these events. 


Experimental bias 

At the time, three of the committee’s five 
members belonged to the Uppsala tradition 
of experimental physics — B. Hasselberg, 
G. Grangqvist, and A. Gullstrand. The 
others were S. Arrhenius (physical 
chemistry) and V. Carlheim-Gyllenskéld 
(mathematical and cosmical physics). The 
committee’s strong experimentalist bias 
proved significant from the start in 
determining Nobel Prize decisions and for 
interpreting the statutes. 

Debates on the role of mathematics and 
theory in physics that had begun in the 
1890s carried over into deliberations on the 
prize. Hence, even in the case of a world- 
wide campaign for Henri Poincaré, in 
which his mathematical physics qua 
physics was delineated from his purely 
mathematical accomplishments, the com- 
mittee did not see fit to recommend him for 
the prize’. In a protest note, Carlheim- 
Gyllenskéld pointed out the committee’s 
general unwillingness and inability during 
the first ten years to evaluate nominations 
in mathematical physics such as those of 
Boltzmann, Heaviside, Kelvin and 
Poynting’. Arrhenius had commented that 
Uppsala physicists consider ‘‘spectral 
analysis . . . the only part of physics worth 
pursuing’?. Indeed, Hasselberg did ‘‘all 
in my power to procure the prize” (1907) 
for A. A. Michelson, who had recieved but 
two nominations, not for his role in the 
aether-drift experiment but, rather, 
primarily for his work in precision 
spectroscopy and metrology!!. Hasselberg 
admitted that he found a ‘“‘sympathy for an 






area closely connected with my own 
speciality . . . I cannot but prefer works of 
high precision’’?, 

Other examples abound. Thus the 
proposal for the 1908 prize was sabotaged 
partly by those who believed it “unjust” to 
award a prize toa theoretician, M. Planck, 
without dividing the honour with an 
experimentalist'?. Apparently, to ensure 
the defeat of the Planck nomination, the 
Academy was informed of Planck’s 
questionable ‘‘hypothetical molecules of 
energy’’, which were not mentioned in the 
committee’s report'*. Not surprisingly, the 
majority’s stringent demands that theory 
be completely verified by experience 
virtually precluded a prize for Einstein’s 
various theoretical endeavours. Yet, did 
the 1919 eclipse experiment have any 
impact on the committee’s evaluation? 

Although often hailed as a ‘‘crucial 


B. Hasselberg. “Ieannot but prefer works of high 

precision’? — on A.A, Michelson’s spectroscopic 

measurements. “H is highly improbable that 

Nobel considered speculations such as these to be 

an object for his pries” ~- on Einstein's 
relativity theories. 
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experiment” that proved Einstein’s general 
relativity, the 1919 test left many 
reasonable physicists unconvinced, among 
them the members of the Nobel committee 
for physics. In 1920 Arrhenius prepared a 
special report on the subject for the 
committee in which he noted that 
objections could be made against the 
accuracy of the observations, which were 
therefore not a proof of the prediction?’ In 
any case the prize for 1920 seemed already 
determined. Hasselberg then lay gravely ill. 
Having championed precision measure- 
ment, especially in spectroscopy, 
Hasselberg now favoured his colleague on 
the International Bureau of Weights and 
Measures, Guillaume, whose work in 
metallurgy was of importance for 
metrology. To express appreciation for 
Hasselberg’s work on the committee since 
1901, the Academy could pay homage to 
him in this manner, 

Nevertheless, the Einstein campaign 
continued to grow in 1921, with strong 
support for the relativity theories. To 
ensure a sound evaluation, the committee 
assigned the task of writing a special report 
focusing on Einstein's relativity and 
gravitational theories to its esteemed 
member Gullstrand, who would have 
received the 1911 prize in physics for his 
contributions to dioptrics had he not first 
been named for a prize in medicine!®. In his 
fifty-page report, Gullstrand concluded 
that neither the general nor the special 
theory of relativity warranted a Nobel 
Prize, In 1922 he brought his report up to 
date and came to the same conclusion. 
Acceptance of these theories remained 
simply ‘‘a matter of faith (trossaky “8. He 
resolved that Einstein must never receive a 
prize”. 


The 1922 Prize 


In general the committee supported 
Gullstrand. Hasselberg asserted from his 
sickbed that ‘‘it is highly improbable that 
Nobel considered speculations such as 
these to be an object for his prizes’. Nor 
was there much sympathy for honouring 
Einstein’s other theoretical contributions. 
Even his theory of the photoelectric effect 
was not considered significant enough to 
warrant a prize, since much of the 
elaboration of the quantum theory entailed 
others’ endeavours*!. Yet, when the Klass 
met to vote on the committee’s proposal to 
reserve the prize, mathematical physicist 
C, W. Oseen suggested that Einstein’s law, 
rather than the theory, ought be considered 
for a prize since this law forms the 
foundation for all the recent remarkable 
achievements in atomic physics. The 
Klass then voted to acknowledge the 
significance of Einstein’s discovery of the 
law of the photoelectric effect, but resolved 
that it was not worthy of a prize*’. 

Oseen did not intend to let the issue end 
there. He was concerned not so much with 
Einstein but with Niels Bohr, who had been 
repeatedly nominated since 191723. He 
regarded Bohr’s atomic model as “the 
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A. Gullstrand (left) prepared special reports on Einsten’s relativity and gravitational theories in which he 
concluded that they did nat warrent a Nobel Prize. The acceptance of these theories remained, even after 1919, 
“a matier of faith (trossak)””. 


most beautiful of all the beautiful’’ in 
theoretical physics, and was thus 
determined that this work should receive a 
prizet. Moreover, he had already begun 
on a campaign to strengthen Swedish 
physics, especially by introducing 
theoretical physics. For Oseen, atomic 
physics offered the challenge of theoretical 
investigation while remaining tightly 
disciplined by experiment. Previously, the 
experimentalists on the committee balked 
at approving Bohr’s atom model which, 
they claimed, stood ‘‘in conflict with 
physical laws” and hence reality, 

Now, in 1922 Oseen proposed Einstein 
for the discovery of the law, and then 
joined the committee as a special extra 
member, Oseen wrote special reports on 
Einstein’s law and on Bohr’s atomic 
theories. He carefully argued that 
experimental investigations had confirmed 
Einstein's law so thoroughly that it must be 
considered among the ‘‘soundest pro- 
positions physics now possesses’, Hence 
Bohr’s models, which he argued were built 
on this law, must be regarded as being in 
solid agreement with physical reality**. 
Finally, not without some difficulty, Oseen 
prevailed. Although further study is 
needed, this episode demonstrates the 
importance of the committee 
membership’s interests and philosophies of 
science for Nobel Prize decisions. 

The Einstein deliberation came at a 
turning point in the development of 
Swedish physics and of the committee. By 
1923, after the deaths of Hasselberg and 
Granqvist, Oseen was elected to the 
committee as a regular member and was 
ioined by his Uppsala colleague, atomic 
physicist Manne Siegbahn. Together with 
Oseen’s friend, Gullstrand, the three 
Uppsala physicists commanded a majority 
on the committee and could plan and act 
together on Nobel Prize matters. Oseen’s 
broad knowledge, international reputation 


and aggressive determination allowed him 
to assume leadership in the committee, His 
vision called for an overhaul of Swedish 
physics: stronger links with major foreign 
research centres, and greater visibility and 
prestige to ensure adequate research funds 
and university positions. By promoting 
atomic physics, in which experiment and 
theory intimately progress together, he 
hoped to overcome traditional prejudices 
and to institutionalize a theoretical physics 
standing apart from abstract mathematical 
physics and mechanics. Yet, ta be 
successful in this “new epoque”, which 
he declared after the election of Siegbahn 
to the committee, they not only had to 
promote and to legitimize their preferred 
research programmes, but would also have 
to eliminate what they considered 
insignificant specialities. Starting in the 
1920s, the Uppsala group began a 
determined campaign to restrict the 
definition of physics within the Academy 
and with regard to the Nobel Prize. To 
pursue this strategy they could try to 
change the statutes formally, control 
membership in the Xiass and committee 
and/or establish traditions for interpreting 
the statutes by honouring particular 
specialities and blocking others. 


Arrhenius and astrophysics 


Change of statutes entails considerable 
debate and great difficulty, since the entire 
Academy must vote on such motions. Thus 
the committee members tried to avoid 
formal motions to change the statutes since 
these inevitably breed conflict within the 
committee and the Klass, which in turn 
weakens their posture in the Academy. 
This became clear when, in 1923, the new 
Uppsala group and Arrhenius attempted to 
eliminate astrophysics from the scope of 
the prize in physics. Arrhenius, who wrote 
the proposal, seems to have feared that the 
establishment of new Nobel institutions 
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S. Arrhenius, member of the committee for 

Physics, had originally supported cosmical 

physics, but in 1923 he tried unsuccessfully to 

eliminate formally astrophysics from the scope of 
the Nobel Prize for physics. 


would threaten his own Nobel Institute for 
Physical Chemistry. (According to the 
statutes, Nobel funds can be used to 
establish research institutes where 
nominations can be evaluated.) Pre- 
viously, only Arrhenius’s institute had 
been supported in this way, but during the 
war Carlheim-Gyllenskéld, suggested a 
department for cosmical physics that was 
later followed by detailed plans for an 
astrophysics centre®?°, 

Consequently, Arrhenius proposed that 
astrophysics no longer should be 
considered part of physics. Although 
previously a strong supporter of cosmical 
physics, he now argued that astrophysics 
had progressed so dramatically, that it now 
incorporated all physical astronomy?!. 
Thus, he concluded, astrophysics is 
astronomy, and therefore not part of 
physics. Carlheim-Gyllenskéld vigorously 
opposed this action and, predictably, the 
statute change was defeated??, A much 
easier strategy entails dismissing outright 
nominations in cosmical physics as ‘‘not 
being significant for physics’’, the phrase 
commonly used by writers of the general 
report to the Academy. Hence, Hale and 
Deslandres, previously considered certain 
winners of the prize, could now be quickly 
dismissed once Hasselberg had died and 
Arrhenius no longer supported these 
sciences. , 

To proceed in this way requires a 
committee and a K/ass that does not object 
too strongly — so that membership must be 
controlled when possible. When the 
physics section of the Academy expanded 
from 6 to 10 members in 1904, it was given 
the title “Physics and Meteorology”. 
Having established strong research 
traditions in meteorology during the 
nineteenth century, Swedish meteo- 
rologists received a number of places in the 
Klass. By 1919, however, the promise of 
Swedish meteorology had waned and a 





long, bitter and inconclusive feud 
concerning atmospheric thermodynamics 
raised doubts over the personal and/or 
scientific reliability of some of the 
meteorologists. Oseen was prompted to 
express concern whether any branch of 
“terrestrial physics’? could become 
rigorous, given the scale of geophysical 
phenomena and lack of laboratory testing 
possibilities”; he sensed a ‘‘relativity of all 
knowledge” within these sciences?}. 
Uppsala experimental physicists shared 
this belief. They attempted to reduce the 
meteorological influence in the Klass and 
prevent the awarding of a Nobel Prize to 
this science, as this would legitimize meteo- 
rology as part of physics in the Academy. 


Meteorology out of favour 
The campaign against meteorology in the 
Klass seems to have begun after the death 
of foreign member J. Hann, an Austrian 
meteorologist. The election of foreign 
members has a double significance. On 
occasion, such an election is a stepping 
stone for prospective Nobel Prize 
candidates; in general, all foreign members 
have the right to propose candidates for the 
prize. In this instance, members of the 
committee tried to obtain before the 
meeting the signatures of a majority of the 
Klass for the appointment of a physicist, 
thereby precluding replacing Hann with 
another meteorologist?4, Arrhenius 
sketched a nomination for Planck and 
travelled up to Uppsala; however, rather 
than speaking with meteorologist 
Hildebrandsson as promised, he carefully 
avoided him while meeting the other 
physicists. The elderly Hildebrandsson felt 
betrayed*5. But his subsequent request at 
the meeting of the K/ass that they promise 
to elect a meteorologist next time, was 
defeated*®, And, when foreign member 
Röntgen died the following year, 
Gullstrand organized a comparable 
campaign against electing a meteorologist, 
saying he would refuse to vote if a 
meteorologist were proposed”. 
Similarly, when Klass members 
Hasselberg, Granqvist, and Backlund 
died, they were rapidly replaced by 
physicists Siegbahn, Pleijel, and Oseen. 
After the death of meteorologist N. 
Ekholm in 1923, Hildebrandsson feared 
the worst and decided to take the offensive 
by bringing the touchy issue into the open 
and up to the entire Academy. Now that 
physicists had twice been elected to succeed 
meteorologists, ‘‘should this happen yet 
again, then it must be regarded as a wish of 
the physicists to get rid of meteorology 
within the Third K/ass’’38. He pleaded that 
a meteorologist should now be elected 
because, out of the ten members of the 
Klass, the two remaining meteorologists 
were so old that there was a real danger that 
meteorology would soon lose its 
representation in the Academy. To refuse 
Hildebrandsson would have been a 
personal insult, so that his candidate, A. 
Wallén, was elected*®. Nevertheless, when 
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the other meteorologist, Hamberg, died 
shortly afterwards, Gullstrand warned 
members of the committee that ‘‘under all 
circumstances we must act [ställa oss], so 
that we do not get in yet another weak 
meteorologist’, 

This time they acted quickly. Led by 
committee members Oseen, Siegbahn, 
Gullstrand and Arrhenius, a majority 
signed a proposal for physicist C. 
Benedicks. Carlheim-Gyllenskéld, a 
cosmical physicist, opposed these efforts. 
When he next came up for re-election on the 
Nobel committee, Oseen, Gullstrand, and 
Siegbahn tried to remove him. First, they 
tried to reduce the number of committee 
members from five to four, thereby 
eliminating his position. When this tactic 
failed, they used their right to elect a 
foreign member — and proposed Niels 
Bohr. Both committee and Klass approved 
the Oseen-Siegbahn nomination, but the 
Academy again sensed an Uppsala grab for 
control, and voted to retain Carlheim- 
Gyllenskéld*!. 

Similar tactics were used within the com- 
mittee to avoid awarding Nobel Prizes for 
meteorological research. Occasional 
nominations for a meterologist were dis- 
missed as ‘‘not significant’, or ‘‘not 
confirmed by experience’; but, one nominee 
reappeared repeatedly, with increasing 
support from both physicists and 
meteorologists. Oseen and his Uppsala 
colleagues were determined that he — 
Vilhelm Bjerknes — should not receive a 
prize. 


The Bjerknes group 
Between 1918 and 1924 a group of 
Norwegian and Swedish scientists working 
in Bergen (Norway) under the leadership of 
Bjerknes transformed theoretical and 
practical meteorology. Their various 
conceptual achievements included a new 
model of the extratropical cyclone, the type 
of low-pressure system common in the 
mid-latitudes. Claiming that these 
atmospheric disturbances are composed 
of three-dimensional surfaces of 
discontinuity — fronts — they began 
conceiving of a cyclone as a wave that 
forms and evolves along pre-existing polar 
fronts separating polar and tropical air 
masses. Their theory provided the first 
clear physical model of cyclonic evolution, 
which in turn provided for direct 
interaction between theory and practice. 
The Bergen meteorologists constructed 
their models over a period of time partly as 
a result of changes in forecasting methods 
and partly in conjunction with their efforts 
to forge new forecasting techniques to meet 
challenges arising from agriculture, 
aviation and fishery. Earlier, Bjerknes had 
for almost two decades worked on an 
ambitious project to ‘“‘transform the 
inexact science of meteorology into an 
exact physics of the atmosphere’’. As such, 
theoretical and physical reasoning 
informed both the forecasting effort and 
the new concepts??. Having been a 
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professor of Stockholms högskola from 
1894 to 1907, Bjerknes had various 
supporters — and opponents — within the 
Swedish scientific. community. In 
particular, the national rivalry that occurs 
when Norway outshines her traditionally 
richer and culturally superior neighbour 
provoked a general reaction of “humbug” 
from some Swedish scientists, making it 
easier for Oseen’and others to block 
Bjerknes’s candidature in 1923, 1924, 1926, 
1929 and repeatedly in the 1930s. 

During the 1920s, several reasons were 
given for excluding Bjerknes. In brief, the 
general reports by the committee claimed 
that the various ‘‘empirical’’ discoveries 
and improvements. in forecasting. had 
arisen simply as a consequence of an 
improved network cof vobservation 
stations*+. Moreover, © Bjerknes’s 
baroclinic circulation theorems for fluids 
in which density ista function of both 
pressure and temperature (1898, 1903), 
should not be considered a discovery or 
invention; according ‘to Oseen, these 
innovations and their application to 
atmospheric and oceanic phenomena were 
already implied in Helmholtz’s earlier 
circulation theorem for ideal fluids”. 
Moreover, Oseen and Gullstrand re- 
peatedly asserted that the wave-theory of 





C. W. Oseen. His goal af promoting theoretical 
physics and of improving the international 
stature of Swedish physics motivated him to 
attempt restricting the definition of physics 
within the Academy and for the Nobel Prize. 


cyclones and the polar front theory are not 
proven by experience. Lastly, they held 
that the Bergen meteorology had been 
accepted only by a limited number of 
scientists#?. How valid were these 
objections to the Bjerknes nominations? 
First, the claim that the Bergen models 
and improved forecasting arose simply 
because of the refinement of the obser- 
vation network cannot be substantiated. 
Comparable networks had been 
introduced during the war without similar 
fruitful results; moreover the Bergen 
successes did not all immediately ensue. 
More telling in intent is Oseen’s claim that 
Bjerknes’s discovery of the baroclinic 
circulation theorems did not qualify as a 
discovery in the sense that Nobel had 
specified. Yet, as a hydrodynamicist, 
Oseen knew full well that Helmholtz had 
never considered the possibility of 


baroclinic fluids; indeed, several years 
earlier, he had declared that Helmholtz 
received too much credit in this area®. 
When L. Silberstein derived these theorems 
independently of Bjerknes, he dismissed 
- such fluids as pure theoretical constructs. 
Bjerknes’s achievement was that he 
recognized their profound implications for 
the study of atmospheric and oceanic 
motions. Revealingly, shortly after Oseen 
and Gullstrand argued that Bjerknes’s 
work cannot be considered a discovery or 
invention, they urged the Klass to recall 
that Nobel’s meaning of ‘‘discovery and 
invention” must:be interpreted as broadly 
as possible; on that occasion they were 
defending a candidate for the 1924 prize 
against objections of the sort they had 
levelled against Bjerknes, the nominee here 
being their colleague, Manne Siegbahn. 


Uppsala and geophysics 
The cavalier manner in which Bjerknes’s 
work was dismissed was apparent to those 
who were close at hand. Otto Pettersson, 
who had sat on the Nobel committee for 
chemistry and who believed that Bjerknes 
deserved a prize, recognized the pattern 
and noted in dismay that apparently, 
“Uppsala doesn’t consider geophysics to 
be physics”, He also wondered whether 
the committee was competent to appreciate 
Bjerknes’s work or whether Oseen and 
Gullstrand would ever bother to read 
enough of it to be able to judge it fairly’. 
Oseen provided other reasons to confirm 
Pettersson’s fear that scientists with great 
authority all to often misuse their power*. 
After Hildebrandsson’s death in 1925, 
Oseen found an opportunity to use 
meteorologists against Bjerknes. For the 
election to the Klass he and other Uppsala 
scientists backed F. Akerblom, an 
opponent of the Bergen school and of 
Bjerknes personally. But when a letter 
from Bjerknes was distributed suggesting 
that some of Akerblom’s research results 
seemed to have been borrowed from 
others, Akerblom was dropped, leaving as 
potential candidates two former Bjerknes 
assistants, V. W. Ekman and J. W. 
Sandströmž?. When Sandström was 
eventually nominated, Oseen almost 
exploded with rage claiming he would show 
that Sandström did not even understand 
the basic physics behind meteorology and 
oceanography*?. He demanded and 
received a postponenment of several 
weeks, But instead of demolishing 
Sandstrém’s candidature, Oseen and 
Siegbahn had the original proposal 
replaced by one of their own. Apparently 
Oseen had learned that Ekman — the 
alternative — was planning to campaign 
for Bjerknes and therefore opposed him in 
spite of an earlier declaration that Ekman’s 
work stood clearly above Sandstrém’s™*. — 
Oseen also made use of an attack by the 
volatile Sandström against his friend 
Bjerknes, written in 1923 at a moment of 
great personal despair. Sandstrém’s 
harangue followed an interview with 








[Royal Meteorology Society: | 
Symons Gold Medal 


From Nature of 6 January 1940: 

Tue decision of the Council of the Royal 
Meteorological Society to award the Symons 
Gold Medal for 1940 to Dr Jc Bjerknes will be 
very popular among British meteorologists, to 
whom he has become well known during his 
frequent visits to this country In choad the 
medal was awarded to his father 

Bjerknes, and it is fitting 
shared the work, shoul 
honours. 

In 1933 the accumulated’ 
Norwegian school of meté 
dynamics of the atrmospher 
book form under the title 
Hydrodynamik” by Vand 
Solberg and T. Bergeron. Dr B 
young, and we look forwar 
[ian N research in futur 


















brilliant Norwegians. 





Bjerknes carried in the Stockholm daily 
Dagens Nyheter entitled, “Norway, 
meteorology’s leading nation t. Inoa 
published response, Sandstrém said that 
the polar front theory has not been ~ 
effective in Sweden nor elsewhere, and that 
the wave-theory of cyclonesconflicted with 
empirical experience in Sweden. He added 
that “Norwegians are almost too vigorous 
when it comes to creating new hypotheses 
and theories, and it is neither desirable nor 
practical that we follow them: in all their 
capers and flights of fancy [Arumsprang och 
hugskott] of this sort’, Oseen in’ his 
support for Sandstrém’s election to the 
Klass, claimed therefore that Sandstrom. 
had during the past few years: tested 
empirically Bjerknes’s theories, for: the 
polar front and for cyclones, finding that 
“the first theory is not confirmed by the 
meteorological phenomena in Sweden 
while the Bjerknes equations for cyclones 
do not stand in agreement with the actual 
[observed] conditions’*’. Sandström was 
elected and Oseen now had a basis for 
arguing against Bjerknes’s candidature. 
Yet, by the 1930s, most meteorologists 
were forecasting with the Bergen school’s 
methods and working on theoretical 
problems associated with them, So Oseen 
and other committee members who 
preferred a restricted definition of physics 
had to find another strategy. 

By 1936 the case for awarding a prize to 
Bjerknes and his chief assistants. was 
strong. Ekman, who supported Bjerknes 
and who was now a member of the Klass, 
requested that the committee prepare a 
special report on Bjerknes, even though ©. 
D. Anderson was. "waiting in turn’. 
Unable to avoid the issue, Oseen began a 
detailed report on the Bjerknes school’s 
activities. Apparently, he concluded that 
regardless. of- the. value of their work 
meteorology ae no be 
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principles such as those of. Bjerknes, 


perfectly meets Nobel's intentions of both 
being significant in physics and benefiting 
mankind™. 
Knowing that Oseen dared not try to 
change the statutes formally-to exclude 
meteorology, Ekman suggested that Oseen 
should take the matter up before the 
Academy, Should the committee and the 
Klass believe Bjerknes worthy, they could 
propose him for a prize and, also, suggest 
an alternative candidate within Oseen’s 
“restricted definition of physics’. Thus, 
should the Academy decide that meteo- 
rology is not eligible, the committee would 
still have control over the alternative 
candidate. In short, Ekman suggested that 
the Bjerknes case could be a precedent for 
interpreting the statutes. But, Oseen did 
not want to risk having a precedent for 
meteorology being part of physics. To 
ensure that the Bjerknes nomination did 
not reach the Academy, by having it first 
rejected in the committee or in the Klass, 
Oseen apparently. included in his special 
report a disparaging personal. attack. 
According to Sandström, who was in the 
Klass, Bjerknes. would have probably 
received a prize had Oseen not written his 
“perfidious Bjerknes biography’’6!, Oseen 
seems to have chosen Bjerknes’s outmoded 
interests in physics to discredit him as a 
scientist. Bjerknes had found it impossible 
to abandon his father’s search for 
analogies between hydrodynamic and 
electromagnetic fields of force. As a young 
man Oseen had also worked in this area, 
but he now considered these methods and 
goals of the 1890s to be totally absurd and 
even contemptible®*. By portraying 
Bjerknes as a hopelessly: plodding 
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physicist; who neither: accepted nor 
understood modern physics, Oseen tried to 
convince the committee and Klass that 
Bjerknes would be an embarrassment for 
the Academy. Oseen related how with 
‘‘snecial satisfaction” he could use against 
Bjerknes the latter’s belief that Einstein’s 
relativity theory marked the end of classical 
physics, rather than the start of the new®?. 
Finally, to finish off the Bjerknes 
candidature Oseen solicited comments 
from yet another Bjerknes assistant, who 
was then attempting to establish a rival 
school of meteorology in the United States: 
“For practical weather forecasting .. . 
Bjerknes’s calculations have absolutely no 
significance whatsoever’’*4. Although 
effective in preventing Bjerknes from 
receiving a Nobel Prize, this statement, in 
this form, is false, 

Oseen died in 1942 having successfully 
blocked the awarding of a Nobel Prize for 
work in the geophysical sciences. His goal 
of promoting theoretical physics and of 
improving the international stature of: 
Swedish physics had led him to attempt 
restricting the definition of physics within 
the Academy and for the prize. Yet, there is 
no formal reason based on Nobel’s will for 
excluding geophysics and astrophysics 
from the prize. Rather, there is only a 
tradition of interpreting the statutes that 
has been informed by past personalities 
and contingencies. Oseen and other 
committee members recognized this to be 
true. When Bjerknes confronted him with 
solid evidence that Nobel considered 
meteorology and geophysics to be part of 
physics, Oseen replied that ‘‘the 
interpretation of words changes from 
person to person. What do we mean by 
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physics? What do we mean by ‘during the 
preceeding year’ or ‘recently’? . . . Do any 
words exist that have a fixed 
significance?’’*5, As soon as one finds an 
interpretation ‘‘consistent with one 
statute, one finds another inconsistent’. 


The summing up 


Inevitably, the interpretation of the 
statutes rests on personal judgement and 
prejudice. When in 1926, the Kiass rebelled 
against the committee’s long-standing 
rejection of J. Perrin for a prize, 
Gullstrand insisted, in an attempt to block 
him once again, that Perrin’s work on 
brownian motion has not benefitted 
mankind®’. Recognizing the inconsistent 
standards used by the committee,’ 
Benedicks responded by calling attention: 
to the fact that the committee seemed touse 
the statutes arbitrarily to dismiss persons 
they a priori did not want to honour witha 
prize’’, Summing up the whole 
controversy, one member of the committee 
for chemistry remarked in despair ‘‘that to 
sit on a N[obel] C{ommittee] is like sitting 
on a quagmire [gungfly] — one doesn’t 
have firm footing under one’s feet’’®. 
Similarly, to discuss and to assess the 
significance of the Nobel Prizes without 
taking into account the Swedish context is, 
as well, “att sitta pa en gungfly”’! 

F thank Elisabeth Crawford. (CNRS, 
Paris) for criticism and for access to the 
manuscript of her book in progress, the 
Royal Swedish Academy of Sciences for 
admitting me to their archives, the 
Norwegian Research Council for Science _ 
and the Humanities and Maison des 
Sciences de ’ Homme (Paris) for financial 
support, 
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The search for proton decay 


THE discovery that at ultra-high energy, 
the strong, electromagnetic and weak 
forces may take on similar behaviours has 
led to the development of grand unified 
theories (GUTs) which unite them at 10!5 
GeV. The theories predict that, at extreme 
energies, quarks and leptons assume 
similar characteristics and can transmute 
back and forth. At very low energies, such 
as are present today, these exotic processes 
are frozen but not totally eradicated. 
Transmutation of quarks (in the proton) 
into leptons is predicted to occur, albeit 
very rarely, causing protons to decay witha 
half life of about 10°° yr. 

The search for evidence of proton decay 
is one of the most popular topics in high- 
energy physics and the opening talk at the 
biennial European Physical Society 
conference* held in Lisbon last month out- 
lined ten independént such experiments 
around the world. Three are still proposals, 
five are being set up, one has put a limit of 
210° yr on the lifetime and a Bombay- 
Japan collaboration has three possible 
- candidate events for proton decays. If 
these survive, then the future will be very 
exciting as the proposed experiments 
should see many scores of events which will 
not only confirm the proton decay 
phenomenon but, by studying the nature of 
its decay products, yield profound insights 
into the relationship between quarks and 
leptons. 

Studying rare phenomena, such as the 
cold residue of a high-energy unity, is one 
way of testing the unified theories. More 
direct of course is to push laboratory 
experiments to ever higher-energy regimes 
and so push nearer to that unity. 

H. Schopper, the director-general of 
CERN, surveyed the planning for high- 
energy physics facilities until the 1990s. 
Towards the end of this decade it is hoped 
that very high-energy annihilations of 
electrons and positrons may be achieved at 
Stanford University, California or at the 
large electron—positron accelerator (LEP) 





*The High-Energy Physics European Physical Society 
conference was held in Lisbon from 8 to 14 July. 


from Frank Close 


to be built at CERN, Geneva, which will be 
able to probe the energy region where the 
weak force has merged in strength with the 
electromagnetic. Great excitement was 
generated by Carlo Rubbia’s (CERN) 
announcement that the first collisions of 
protons and antiprotons had been achieved 
in the CERN SPS accelerator, paving the 
way for producing W and Z bosons there. 
The optimists hope that the first few events 
producing these weak interaction quanta 
may occur by early next year. 

The theories of electromagnetic and 
nuclear forces that have spawned the GUT 
were reviewed by several speakers. On the 
phenomenological front, P. Landshoff 
(University of Cambridge) surveyed the 
field, concluding that all the data continue 
to support the Glashow-—Weinberg—Salam 
SU, x U, model of electroweak forces and 
the SU, quantum chromodynamic theory 
(QCD) of quark forces. The obvious 
qualitative successes of the latter are 
proving hard to make more quantitative 
because perturbation theory of quark- 
gluon interactions converges very slowly. 
Landshoff reviewed some theoretical 
attempts to construct approaches to the 
renormalization of QCD which would 
improve the convergence properties. This 
is an area of study that is still in some flux. 

R. Marshall (Rutherford Laboratory, 
UK) exhibited some of the most compelling 
evidence yet for gluons manifesting them- 
selves as parents of particle jets in electron— 
positron annihilation data. The electron 
and positron annihilate producing a quark 
in one direction and an antiquark and glue 
centred on the opposite direction. A 
shower of particles induced by the quark is 
balanced by two showers symmetric about 
the 180° axis — the products of (anti) 
quark and gluon. 

F. Close (Rutherford Laboratory) 
pointed out how just as coloured quarks 
cluster to form ‘white’ hadrons, so should 
coloured gluons cluster to give white 
glueballs. There has been some speculation 
that a glueball may have been seen with a 
mass of about 1,400 MeV (Nature, News 
and Views 292; 195, 1981). It has also been 
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colour in such POS G. w ) 
(University of Utrecht) gave a detailed 
review of current atteripts to prowe this and 
R. Feynman (Caltech) reported his own 
attempts to prove confinement in a world 
of two-spatial dimensions. 

But are quarks confined? A confron- 
tation took place between W. 
(Stanford University), who has Jaimed to 

observe fractional electrical charges on 
niobium spheres, and Gi Morpurgo 
(University of Genoa), who finds no such 
phenomenon on iron. The issue was not 
resolved — Morpurgo’sexperiment cannot 
levitate niobium, and Fairbank’s cannot 
levitate iron, Morpurgo may be able to 
study an 80:20 iron/niobium mixturesoon; 
whether this helps resolve the question 
remains to be seen. (See Lyons Nature, 
News and Views 291; 534, 1981 for a 
discussion.) 

Another interesting confrontation 
between groups with data in prima facie 
conflict took place. A Bologna-CERN~ 
Frascati collaboration has claimed to 
produce a baryon containing a bottom (or 
‘beauty’ quark). This state has:a mass of 
5.4GeV and, if verified, would be the most 
massive baryon ever found, The 
experiment. occurred in the split-field 
magnet at the CERN intersecting storage 
rings. (ISR) and the claimed mass istin 
excellent agreement with theoretical 
predictions. However, a collaboration 
from Annecy~CERN-~Paris=Dortmund- 
Heidelberg. and Warsaw rej ried tha 
had performed ¢ 
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Transposable elements and proviruses 


from D.J. Finnegan 


THE discovery that both prokaryotic and 
eukaryotic genomes are less stable than 
classical genetic analysis had indicated is 
one of the many important developments 
made in molecular genetics over the past 
few years. Application of recombinant 
DNA techniques to the study of eukaryotic 
genome organization has revealed the 
presence of transposable elements within 
the genome of “Drosophila mela- 
nogaster'-3, These comprise about thirty 
families of repeated sequences, together 
making up approximately one-half of the 
moderately repetitive DNA (5-10 per cent 
of the total genome) in this species. The 
best studied families (known as copia, 412, 
297, mdgl and mdg3 after the first member 
of each to be studied) have several 
properties in common, although there is no 
detectable homology between them. The 
members of each family (often referred to 
generically as ‘copia-like’ elements) are 
well conserved and are located at 20-40 
sites distributed throughout the genome. 
The number and locations of elements in 
each family vary between embryonic and 
tissue culture cell DNA where there may be 
up to 250 copies: per haploid genome. 
The number of potential sites must be high 
and elements may even insert at random. 

At both ends of a transposable element 
are direct repeats: (1 in Fig. la) a few 
hundred base pairs long, the length and 
sequence of which are specific for each 
family of elements’*. At the extreme ends 
of each element are short (about 10 base 
pairs) inverted repeats (2 in Fig. ta) which, 
except in the mdg3 family, occur at both 
ends of the long direct repeats. Im- 
mediately before and after each element is a 
short direct repeat.(3 in Fig. 1a), the length, 
but not sequence, of which is constant for 
all members of a particular family (5 base 
pairs in the case of copia elements). 
Comparisons: between particular sites in 
the genome from different sources, one 
containing and one lacking (an ‘empty 
site’) a tranposable element; indicate that 
the bases. of the short direct repeat occur 
only once at-the site into which an element 
inserts’. 

The properties of Drosophila trans- 
posable elements described above 
resemble those of bacterial transposons®. 
This raises the possibility that, despite no 
evidence for a direct relationship between 
the two, copia-like elements might be 
responsible for the same range of genetic 
events (stable and unstable mutations, 
deletions, inversions and translocations) in 
D. melanogaster as are transposons in 
Escherichia coli. The most interesting 
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Fig. 1 a, A transposable element. The various components are: 1, long direct repeat; 2, 

inverted repeat; 3, short direct repeat. b, Relationship between viral RNA and proviral DNA. 

U3, unique sequence from the 3’ end of the viral RNA; R, sequence repeated at both ends of 
the viral RNA; U5, unique sequence from the 5’ end of the viral RNA. 


example of this to date concerns the white eve 
gene (w). Bingham, Judd and Rubin (Rubin, 
personal communication) have shown that 
the white apricot mutation, w*, is due to 
insertion of a copia element at the white 
locus. Some unstable w alleles are also due 
to insertions, although the sequences 
involved do not belong to any of the well 
characterized families of transposable 
elements (Rubin, personal com- 
munication), 

The abundance of transposable elements 
in the genome of D. melanogaster, and the 
fact that their activity can have recognizable 
genetic consquences, prompt one to ask 
whether sequences of this type might be 
found in other eukaryotes. Indeed, a family 
of transposable elements, Ty/ elements, has 
been discovered in the yeast Saccha- 
romyces cerevisiae and these have pro- 
perties very similar to those of copia-like 
elements. The same is true of the DNA 
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proviruses of vertebrate retroviruses. 
Celis which have been infected by 
retroviruses may have one or more copies 
(proviruses) of the viral genome integrated 
into their chromosomes. At each end of a 
provirus are direct repeats, known as long 
terminal repeats (LTRs). At the left-hand 
end of a LTR is a unique sequence from 
the 3’ end of the viral RNA. Adjacent to 
this is the sequence repeated at both ends of 
the RNA and a unique sequence from its 5’ 
end. These are shown in Fig. 1b where they 
are designated U3, R and US respectively. 
After infection of a host cell, viral RNA 
molecules are first copied into linear 
double-stranded DNAs with a LTR at 
each end. These are then converted into 
circular molecules with either one copy of 
the LTR or two copies in tandem. It is not 
known which of these DNAs integrates 
into host chromosomes but some evidence 
favours a circular form (for detailed 
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discussion, see ref. 9). The sequence 
organization of proviruses resembles that 
of Drosophila transposable elements in 
several ways’. They have short inverted 
repeats at their ends and are flanked by a 
direct repeat of a few base pairs which 
occurs only once at the site of insertion in 
their absence (Fig. 15). 

Vertebrates do not have to be infected by 
retroviruses to: acquire sequences of this 
type. The genomes of most, if not all, 
vertebrates contain endogenous pro- 
viruses, which can make-up a substantial 
proportion of their DNA (about 0.1 per 
cent in primates. and rodents)!!. Like 
Drosophila transposable elements, the 
chromosomal locations of endogenous 
proviruses differ between individuals in 
populations of mice and chickens. The 
topographical similarities between 
proviruses and transposable elements 
suggest that they may be related and 
Temin’? has argued that proviruses evolve 
from transposable elements. If this is the 
case, one might expect to find within D. 
melanogaster cells circular DNAs similar to 
extrachromosomal.” proviral DNA. 
Circular DNAs were detected in D. 
melanogaster embryos and tissue culture 
cells some time ago and have been shown to 
be largely comprised of repetitive 
sequences!3, In a recent issue of Nature 
(292; 591, 1981), Flavell and Ish Horowicz 
described their attempts to find molecules 
with copia-specific sequences amongst 
these circles. They have been able to purify 
three different circular DNAs of this type 
from D. melanogaster tissue culture cells 
using ethidium bromide-caesium chloride 
density centrifugation and DNA cloning 
techniques. On the basis of their restriction 
site maps two of them do appear analogous 
to circular proviral DNA, having all the 
sequences from the body of a copia element 
plus one copy of its long direct repeat or 
two repeats in tandem. The third class 
appears to be a deletion derivative of one of 
the other two. 

Stimulating though these observations 
are, they do not clarify the relationship 
between transposable elements and 
retroviruses since (as Flavell and Ish 
Horowicz point out) these circular 
molecules need not be produced by reverse 
transcription but could be formed by 
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Fig. 2 Recombination in a transposable 
element: a, between the long direct repeats 
at the ends of an element, giving a circular 
molecule with one copy of the direct repeat, 
and b, between the 5 base pairs on either 
side of the element giving a circular 
molecule with two copies of the direct 
repeat. 


recombination. Recombination between 
the long direct repeats at the ends of a 
transposable element would yield a circular 
molecule with one copy of the direct repeat 
(Fig. 2a) whereas recombination between 
the 5 base pairs repeated on either side of a 
copia element would yield a circular 
molecule with two copies of the direct 
repeat in tandem (Fig. 2b). These 
possibilities should be distinguished by 
DNA sequence analysis of the circular 
molecules with two copies of the long direct 


801 
repeat. If they are derived by 
recombination, then the two repeats 
should always be separated by 5 base pairs 
but a different 5 base pairs in each case: if 
they are derived by reverse transcription of 
full-length copia RNA, then all circles with 
two repeats should be identical. Whatever 
their origin these circles could be 
intermediates in transposition, a possibility 
which Flavell and Ish Horowicz are 
investigating. 

The sequences discussed so far are not 
the only ones involved in DNA reat- 
rangements. Potter and his colleagues have 
found transposable sequences in D. 
melanogaster with properties distinctly 
different from those of copia-like elements 
and specific, rather than random or semi- 
random, rearrangements have been 
demonstrated for genes controlling mating 
type in S. cerevisiae, surface antigens in 
trypanosomes and immunoglobulins in 
mammals. Others may exist, but one should 
be wary of getting too carried away by these 
results. Eukaryotic genomes are more 
labile than has been generally supposed but 
wholesale rearrangements do not occur. In 
Drosophila, genes still retain their order in 
linkage groups, this order is the same in 
somatic and germ-line cells, and the 
banding pattern of polytene chromosomes 
is remarkably constant. QO 


The expanding use of 
potential-sensitive dyes 


from a correspondent 


THE recent paper! in Nature reporting the 
use of a voltage-sensitive dye to localize 
pacemaker activity in early embryonic 
heart is a good example of the expanding 
interest in and application of potential- 
sensitive dyes for biological, 
electrophysiological and biophysical 
studies. Cyanine, merocyanine and oxonol 
dyes respond spectrally to potential 
changes in, for example, squid giant 
axon?}, red blood cells*-*, black lipid 
membranes’, frog skeletal muscle® and 
frog heart?. 

The available probes are of two general 
types: those which permeate the cell 
membrane and have both slow and fast 
responses (for example, carbocyanines) 
and non-penetrating dyes with only fast 
signals, of which merocyanine-rhodanine 
used by Kamino et al.! is a good example. 
As reviewed recently by Waggoner’, the 
slow dyes, with their large responses, seem 
ideally suited for following the kinetics of 
potential changes that occur in times of a 
few seconds, whereas the fast probes can 
resolve adequately events associated with 
membrane excitation during action 
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potentials, although their absorption and 
fluorescence changes are usually only 0.001 
to 1 per cent. The slow (or redistribution 
or accumulation) dyes operate by 
potential-dependent mechanisms redis- 
tributing the charged dye between 
extracellular and intracellular environ- 
ments of the cell, organelle or vesicle, 
whereas optical signals from rapidly 
responding dyes occur through potential- 
dependent changes of dye molecules 
located on (or very near) the membrane, 
There are obvious attractions in using 
these optical probes, especially in cells 
which are too small to be examined by 
classical microelectrode techniques, or in 
complex cellular networks where multiple 
and accurate impalements would be very 
laborious and difficult. However, it has 
long been recognized that care has to be 
taken in both interpreting experimental 
data, hence the comforting corroboration 
in squid axon where: parallel membrane 
potential measurements can be made with 
confidence, and ensuring that introduction 
of the dye does not in itself perturb the 
preparation. Permeant dyes:can inhibit 
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intracellular metabolic processes and the 
binding of charged dye molecules might 
interfere with important membrane 
processes mediating biological responses. 
In addition, dyes may react with the 
exogenous reagents, whose effects are 
being examined, to form non-fluorescent 
complexes. This would make dose~ 
response curves difficult to interpret and 
would complicate kinetic calculations. 
Furthermore, even with modest 
illuminations, some dyes can cause cellular 
photodynamic damage. These con- 
siderations have prompted intensive work 
to produce dyes with better responses and 
biological inertness. 

It is possible to end on an optimistic 
note, for recent reports (to quote but two 
examples) have described how potential- 
sensitive dyes can be used to advantage to 
monitor either mitochondrial membrane 


potentials!! or radial propagation along 
muscle fibre T-tubules!?. These, together 
with the elegant studies of Kamino, Hirota 
and Fujii', suggest that such techniques 
have an important future in many 
investigations involving molecular 


mechanisms at the cellular level. E 
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The evolution of 
sedimentary basins 


Jrom C.A. Williams 


THE selection of ‘The evolution of 
sedimentary basins’ as the topic for a Royal 
Society discussion meeting* reflects the 
impetus given to the field by new models of 
basin formation, in particular the crustal 
stretching model of McKenzie, and by the 
availability of quantitative data on crustal 
loading and flexure which are allowing 
models to be tested. The McKenzie model 
(Earth planet, Sci. Lett. 40; 25, 1978) 
proposes that sedimentary basins are 
formed by rapid stretching of the 
continental lithosphere by normal faulting, 
instigated by a passive upwelling of hot 
asthenospheric material beneath the crust. 
Once the thermal stage has passed, the 
lithosphere thickens as the heat is 
conducted to the surface and undergoes a 
slow subsidence which is not associated 
with faulting and which may be amplified 
by sediment loading. 

The meeting made no attempt to cover 
all types of basin, but concentrated on 
those where good-quality data are 
available. Discussion of continental 
margin basins was dominated by con- 
tributions on the Biscay margin (presented 
by D.G. Roberts, IOS, and J.-P. Foucher, 
CNEXO, Brest), largely based on the 
results of IPOD drilling on the North-west 
Biscay margin and on associated seismic 
reflection and refraction data. Both 
Roberts and Foucher showed seismic 
reflection evidence of listric faults dipping 
consistently oceanwards. These two 





“The meeting was organized by Sir Peter Kent, M.H.P. Bou, 
D.P. McKenzie and C.A. Williams and the proceedings will be 
published in the Philosophical Transactions of the Royal 
Society, January 1982. 
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studies, whilst producing the most detailed 
information we yet have on this margin, 
also indicate the limitations of fragmentary 
evidence in reassembling faulted strata. 
Robert’s interpretation requires infinite 
stretching of the lower crust but less 
stretching in the upper crust than that 
required by Foucher’s interpretation, yet 
both studies are based on essentially the 
same data set. The range of disagreement is 
such as to encourage the acquisition of 
more and better data to allow more 
accurate estimation of fault displacements. 

The continental margin basin section 
was completed by an exposition of the 
North-west Australian margin by D.E. 
Powell (Hudbay), a margin remarkable in 
that the basins seem to be related to the late 
Palaeozoic phase of abortive rifting with 
little or no modification during the 
eventually successful rifting in the early 
Cretaceous. 

An intriguing puzzle came from 
discussion of intracontinental basins. 
There appear to be two types of basement 
beneath basins, one in which normal 
faulting occurs as expected; but in cratonic 
shelf basins, for example, Witwatersrand, 
Transvaa! and Michigan Basins, the base- 
ment does not appear to be normally 
faulted and some other mechanism of 
basement subsidence, other than extension 
by faulting, must be evoked. The Michigan 
Basin, nonetheless, shows the same 
exponential subsidence as other basins and 
the existence of COCORP seismic 
reflection data across it suggests a clear line 
of future study into the apparent lack of 
basement faulting. 


In the session on basin formation, A.B. 
Watts (Lamont-Doherty Geological 
Observatory) discussed the role of crustal 
flexure, showing that this becomes a major 
factor in basins more than 200 km wide and 
that the best overall fit to the observations 
is an elastic plate model with crustal 
strength increasing with age. This predicts 
a sedimentary geometry with coastal onlap 
and it seems that Vail’s eustatic sea-level 
changes based on evidence of onlap may in 
reality be a record of basin subsidence. The 
thermal effects of subsidence were 
discussed by D.L. Turcotte (Cornell 
University) (all basins appear to be initiated 
by a thermal event), while C. Beaumont 
(Dalhousie University) compared foreland 
and Atlantic-type basins and concluded 
that the major contrast is the thermal age of 
the lithosphere. The old, cooler and thicker 
lithosphere of the foreland compressive 
area will respond to loading with greater 
rigidity and depression wavelength than 
the younger, hotter, thinner and less rigid 
rifted continental margin basin. 

Some of the outstanding problems in 
understanding sedimentary basin sub- 
sidence, in particular the origin of tensile 
stresses in the crust which initiate the 
normal faulting, were discussed by M.H.P. 
Bott (Durham University). Their origin 
may be found in stresses at convergent 
plate boundaries, hence, for example, the 
origin of the Northern European Carbon- 
iferous basins may be related to stress fields 
in operation during the subduction of the 
Hercynian Ocean. 

In summarizing the meeting, A.W. Bally 
(Shell) cautioned that the folded belts, for 
example Zagros, Franklinian Basin and the 
Precambrian basins, are too complicated 
for modelling with currently available 
data. The complexity of listric faulting 
causes inherent problems in estimating 
fault displacement. While in some spec- 
tacular cases the sole of the listric fault has 
been observed, more high-quality seismic 
data across basins are required for better 
evidence of the actual existence and shape 
of listric faults. The question of whether 
symmetric graben are purely a function of 
geological imagination was also raised, 
since observed graben are either asym- 
metric or exist as half graben. 

The general conclusion was that the 
stretching model gives a reasonable explan- 
ation of the formation of many basins. It 
was a little disappointing that among the 
excellent and often complicated strati- 
graphical histories described in oil-company 
presentations, studies on subsidence, 
flexure, fault displacements and so on were 
not emphasized, leaving one to wonder 
whether the oil companies are way ahead 
in considering these effects in a quantit- 
ative way, though refrained from divulging 
same, or whether in fact it is the academic 
who are leading in this area. i 





C.A. Williams is in the Bullard Laboratories, 
Department of Earth Sciences, University of 
Cambridge. 
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Membrane manoeuvres in Marseille 


from R.C. Hider 


Most animal and bacterial toxins are 
directed against membranes, the more 
toxic interfering with critical receptor 
proteins while others are highly efficient 
lytic agents. The former, by virtue of their 
high-affinity interactions, have been used 
as probes in developmental and 
physiological studies and the latter, 
because of their affinity for lipids, are used 
in the elucidation of the molecular 
organization of membranes. A number of 
recent developments in these fields were 
reported at a meeting of the International 
Society of Toxinology* where discussions 
centred on the sodium channel, the 
cholinergic synapse and cytolytic toxins 
formed the framework of the meeting. 
The sodium channel 

The voltage-dependent sodium channel, a 
prime constituent of excitable membranes, 
remained firmly out of the biochemist’s 
reach until the discovery of channel- 
specific toxins. Since 1970 however, the 
concerted application of tetrodotoxin, 
saxitoxin, scorpion and sea anemone 
toxins has given reliable information on the 
distribution, density and unit ion flux of 


*The Fourth European Symposium on Animal, Plant and 
Microbial Toxins (24-27 June 1981) was organized by Hervé 
Rochat, Faculté de Medévine Sectear Nord, Marseille. The 
proceedings of the meeting will be published by Pergamon Press 
in 1982, 


various sodium channels. As reported by 
V. Berwald-Netter (Collège de France, 
Paris) and J.F. Renaud (Centre de 
Biochimie, Nice), the development of these 
channels in embryonic tissue can also be 
monitored as sea anemone and scorpion 
toxins bind to both silent and functional 
channels! and can give a quantitative index 
of neuronal maturation?. W.A. Catterall 
(University of Washington, Seattle) 
reported the isolation of a functional 
sodium channel from mammalian brain} 
but instability of the preparation — its 
lifetime is limited to 3 days — is a major 
problem. As with other membrane protein 
isolation procedures, the presence of a 
protease inhibitor cocktail has been 
essential, Catterall’s laboratory including 
o-phenanthroline. This powerful chelator 
removes essential cationic cofactors from 
proteolytic enzymes and yet leaves calcium 
in solution to enhance the stability of the 
isolated channel. Catterall reported that 
the membrane channel consists of two 
proteins of molecular weights 270,000 and 
37,000, both being specifically labelled by 
photoaffinity-tagged sea anemone toxin. 
The nature of the large subunit, which has 
also been reported elsewhere‘, is of great 
interest. Does it consist of subunits cross- 
linked by functional groups other than 
disulphide fuctions? Does calcium 


modulate its conformation? Whatever the 
answers to these questions, its isolation ina 
functional state marks the beginning of a 
new era which is likely to be centred on 
precise electrophysicilogical experiments 
with well defined reconstituted bilayer 
membranes. 

There was general agreement at the 
meeting that the ‘old world’ scorpion 
neurotoxins bind to the sodium channel in 
a voltage-dependent manner and thus 
interact with a component capable of 
existing in two conformational states, the 
relative proportions of which depend on 
membrane potential’. However, the ‘new 
world’ scorpion toxins lack this property 
and bind to a different site on the sodium 
channel®, The three-dimensional structure 
of one such toxin (from Centruroides 
sculpturatus) was shown by J.C. Fontecilla 
(Aarhus University) topossess an extensive 
backbone of secondery structure cross- 
linked by four disulphide bridges’. 
Emerging from this relatively rigid 
structure are two peptide loops which are 
believed to interact with the receptor. On 
the basis of secondary structure 
predictions, Fontecillasuggested that both 





R.C. Hider is in the Depertment af Chemistry, 
University of Essex. 





100 years ago 


“How I crossed Africa, from the Atlantic 
to the Indian Ocean” 
By Major Serpa Pinto 
(London: Sampson Law & Co., 1881) 


To cross Africa has almost ceased to be an 
extraordinary feat. Indeed it seems evident, 
the more we know of the Portuguese native 
traders, that even before Livingstone’s 
memorable first journey, it was no 
uncommon thing for the Pombeiros to do in 
the ordinary way of business. Of course 
some routes are more dangerous than others, 
and that by which Stanley made his famous 
march was perhaps the most difficult and 
dangerous that could be selected. Still the 
journey performed by Major Serpa Pinto 
was in many ways remarkable, and perhaps 
not its least remarkable feature is the 
characteristic manner in which he tells his 
story. 

One of our illustrations gives a good idea 
of an antelope which was met with in the 
Cuchibi, which the Major thus describes: 

“At one of the turns of the river I 
perceived three antelopes of an unknown 
species, at least to me; but just as I was in the 
act of letting fly at them they leaped into the 
water and disappeared beneath its surface. 
The circumstance caused me immense 
surprise, which was increased as I went 
further on, as | occasionally came across 
several of these creatures, swimming; and 
then rapidly diving, keeping their heads 
under water, so that only the tips of their 
horns were visible. This strange animal 
bears among the Bihenos the name of 
Quichdbo. Its life is in a great measure 
l passed in the water, it never straying far 
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from the river banks, on to which it crawls 
for pasture, and then chiefly in the night- 
time. It sleeps and reposes in the water. Its 
diving-powers are equal, if not superior, to 
those of the hippopotamus. During sleep it 
comes near to the surface of the water, so as 
to show half its horns above it. It is very 
timid by nature, and plunges to the bottom 
of the river at the slightest symptom of 
danger. It can easily be captured and killed, 
so that the natives hunt it successfully, 
turning to account its magnificent skin and 
feeding off its carcase, which is however but 
poor meat. Upon leaving the water for 
pasture its little skill in running allows the 
natives to take it alive: and it is not 





The Quichdbo 








dangerous, even at bay, like most the 
antelope tribe. The female, as well as the 
male, is furnished with horns. There are 
many points of contact between the life of 
this strange ruminant and that of the 
hippopotamus, its near neighbour. The 
rivers Cubangui, Cuchibi, and the upper 
Cuando offer a refuge io thousands of 
Quichdébos, whilst they do not appear either 
in the lower Cuando or the. Zambesi. I 
explain this fact by the greater ferocity of the 
crocodiles in the Zambesi and. lower 
Cuando, which would make short work of so 
defenceless an animal if it ventured to show 
itself in their waters”, 

From Nature 24, 7 July, 215, 1881. 
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classes of toxin have similar shapes but 
differ in the relative lengths of the peptide 
loops emerging from the conserved 
framework. Why these relatively minor 
differences are associated with the presence 
or absence of voltage-sensitive binding is 
not clear but it would be interesting to 
study their relative affinity for the 
37,000-molecular weight protein identified 
by Catterall. 

The cholinergic synapse 

There is now general agreement on the 
structure of the Torpedo (electric ray) 
acetylcholine receptor. In his review, J.P. 
Changeux (Pasteur Institute) reported that 
the basic functional unit, as judged by 
reconstitution experiments, is composed of 
four polypeptide subunits of molecular 
weights 40, 50, 60 and 65x10? respec- 
tively, the latter three being extremely sus- 
ceptible towards proteolysis. The 40,000- 
molecular weight protein is the site of 
agonist (acetylcholine) and antagonist 
(curare and elapidae snake toxin) binding. 
Exactly how the snake neurotoxins interact 
with the 40,000-molecular weight subunit 
is unknown and this uncertainty severely 
limits their use as affinity ligands. However 
the problem is being energetically attacked 
by the Russian group led by F. Bystrov and 
V. Tsetlin (Shemyakin Institute), who are 
applying ESR, NMR and photoaffinity 
labelling techniques to monitor the toxin- 
receptor interaction’. A 43,000-molecular 
weight subunit, which is also associated 
with the receptor, has been shown not to be 
essential for acetylcholine receptor- 
mediated cation translocation? but is 
thought to have a structural role, cross- 
linking receptor rosettes into the charac- 
teristic double rows often seen in electron 
micrographs. 

Presynaptic phenomena are not so well 
characterized at the molecular level as are 
the corresponding postsynaptic events, but 
J.O. Dolly (Imperial College, London) and 
A.L. Harvey (University of Strathclyde) 
reported two new approaches designed to 
tackle this problem. Dolly described a 
method for the purification and iodination 
of botulinum toxin which specifically 
inhibits the release of acetylcholine!! and 
Harvey demonstrated that Kunitz-type 
protease inhibitor homologues, isolated 
from the venom of Dendroaspis snakes 
(mambas), dramatically stimulate acetyl- 
choline release!?. Significantly, as judged 
from pharmacological studies, these 
inhibitor-like polypeptides compete with 
f-bungarotoxin (from krait venom) for a 
common binding site on the presynaptic 
membrane. $-bungarotoxin is used 
extensively by physiologists and consists of 
two polypeptides, the A chain, a phospho- 
lipase, and the B chain, a protease inhibitor 
homologue. Thus it seems likely that the B 
chain directs the phospholipase activity of 
the A chain to the presynaptic membrane. 
Both botulinum toxin and protease 
inhibitor homologues would appear to 
have potential as specific presynaptic 
probes, as unlike the toxins currently used, 
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they lack phospholipase activity. 
Development of new antivenins 

In many meetings devoted to neurotoxins, 
there is often a tendency to forget that 
snakes and scorpions can present serious 
health hazards. Each year 1,000 people die 
in Mexico from scorpion stings and 2,500 
people die in South-east Asia from snake 
bites'3, Some of the symptoms associated 
with such poisoning were vividly presented 
in a session devoted to the clinical aspects 
of envenomation which was chaired by 
H.A. Reid (Liverpool School of Tropical 
Medicine and see ref. 14). The efficiency of 
antivenoms is likely to improve now that 
new techniques have been developed to 
produce antibodies specifically directed 
against the most toxic components of the 
venom. One such example was reported by 
J.C. Boulain and A. Menez (CEN Saclay, 
France) where the production of a 
monoclonal antibody directed against a 
cobra neurotoxin was described. 
Combinations of such antibodies directed 
against different snake neurotoxins should 
produce efficient antivenoms for specific 
geographical localities and thus, in 
principle, a comprehensive range of such 
antivenoms could become available for 
world-wide distribution. 

Cytolytic toxins 

Cobra venoms, in addition to containing 
postsynaptically acting neurotoxins, 
possess an even higher content of so-called 
‘cardiotoxins’. This term, although widely 
used, provides too narrow a label as these 
polypeptides depolarize all muscle types 
and many also possess lytic properties. 
Indeed, as described by D.S. Chapman 
(Ashington, Northumberland, UK), cyto- 
toxicity and not neurotoxicity is the 
dominant symptom of Naja nigricollis 
(spitting cobra) envenomation. J. 
Dufourcq (Talence, France) eloquently 
described the interaction of these hydro- 
phobic proteins with negatively charged 
lipids, showing how they induce lipid phase 
separation, and R. Hider (University of 
Essex) demonstrated that some toxins 
which possess powerful cardiotoxic 
properties lack lytic properties, arguing 
against the view that the muscle-depolar- 
izing ability is directly associated with non- 
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specific lytic properties. In the past much 
of this work has been bedevilled by con- 
taminating traces of phospholipase, which 
can endow the preparation with lytic 
activity. H. Veheij (University of Utrecht) 
reviewed the chemistry of phospholipase- 
A, molecules, indicating how the increased 
content of surface aromatic side chains is 
associated with improved powers of 
membrane penetration. Presumably the 
tight association between these enzymes 
and the hydrophobic cardiotoxins results 
froma similar interaction. Immunoaffinity 
chromatography is an excellent method for 
removing traces of phospholipase!’ and 
probably should be used routinely in the 
isolation of this class of protein. 

R. Mollby and M. Thelestam (National 
Bacteriology Laboratory and Karolinska 
Institute, Stockholm) described how their 
fibroblast-based analytical system 
permitted the classification of cytolytic 
toxins!®, Their data formed a useful back- 
ground for the classification of toxins 
isolated from Aeromonas hydrophila 
(Gram-negative rod bacterium) and the so- 
called thiol-activated cytolysins. However 
it was clear from the meeting that the mode 
of action of many of these toxins is not 
understood. The colicins A, E, I and K 
were reported by F., Pattus and C, 
Lazdunski (University of Marseille) to 
form voltage-dependent channels in 
bilayer membranes, in a similar manner to 
the lytic peptide alamethicin'’. In this 
context, J.H. Freer (University of 
Strathclyde) tentatively suggested the 
existence of an oligomeric pore structure 
for staphylococcal 6-lysin and R. Hider 
(University of Essex) made a similar 
suggestion for bee venom melittin. The 
lipophilic portion of most plasma 
membranes is 3 nm thick and thus can be 
spanned by a 21-residue a-helix. As 
alamethicin (20 residues), 6-lysin (26 
residues) and melittin (26 residues) can all 
form amphiphilic helices, toxin aggregates 
could readily form hydrophilic pores 
capable of spanning a membrane. Signifi- 
cantly, the average number of residues in 
each of the seven bacteriorhodopsin 
a-helices is 25 (see ref. 18). Thus in 
principle, cytolysin oligomers could form 
bacteriorhodopsin-like structures. If 
calcium entered or magnesium left the cell 
via such channels, intracellular proteases 
would be activated, inducing dramatic 
effects on the cell membrane!?. Ion 
specificity of such a channel would be 
controlled by both the diameter of the 
aqueous channel and its net charge, and as 
such could be related to the Mollby- 
Thelestam classification scheme. Ion 
specificity of such oligomeric structures 
will be of considerable interest. 

The success of this meeting was, to a large 
extent, due to the International Society of 
Toxinology attracting, and thus facilitating, 
interaction between scientists from an 
extremely wide range of disciplines. As toxin 
chemistry and biochemistry continue to 
expand, so will this Society. : 
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Three different he y: 
about three weeks oj 


in isozymes of myosin appear sequentially in rat muscle during the period from late gestation to 
e. In part these changes can be related to changes in innervation taking place during this period. 






















THE myosins foun ‘both muscle and non-muscle cells 
comprise a family of proteins having similar native structures 
and subunit compositions’. The myosin isoenzymes in adult 
skeletal muscle c be classified into two major types. A myosin 
TP hydrolysis is characteristic of fast con- 
while a myosin of lower ATPase activity is 
tracting fibres. These fast and slow iso- 
oth th heavy- and light-chain subunits. It 
aximum speed of shortening of adult 
‘elated to the rate of hydrolysis of ATP by 
type of i isoenzyme present in a muscle can 
ance** 
f animals contract slowly although 
ontracting in the adult™®, Previous 
‘that slow myosin heavy chain was a 
developing muscle, whereas others report 
yosin'”*! (see also discussion in refs 22, 


myosin. Therefore 
be of physiologic 


l'and immunological studies have however 
shown that fetal newborn skeletal muscles. contain certain 
myosin subunits distinct from the adult forms**~*’. In the case of 
the myosin heavy chain, the adult forms are not detected as 
major components of fetal muscle or cultured muscle cells? 7. 
To characterize the developmental changes in more detail, we 
have investigated the types of myosin heavy chains found at 
various times after birth in rat skeletal muscle destined to 
become the fast-contracting type. We used various approaches, 
including . polypeptide. mapping, complement fixation, 
immunocytochemistry, gel electrophoresis of native myosins, 
and the study of synthetic myosin thick filaments by electron 
microscopy. Our results provide evidence for the sequential 
appearance of at least three heavy-chain isozymes during muscle 
development. 


Polypeptide mapping of the myosin heavy 
chains 


The large size of the myosin heavy chain (200,000 M,) allows it 
to be cleaved into many polypeptide fragments which are con- 
veniently analysed by standard one- or two-dimensional gel 
electrophoresis (ref. 27 and refs therein). However, partial 
proteolytic cleavage of native myosin is influenced by divalent 
cations”, by phosphorylation of the LC2 light chain*’, and by 
interaction with actin® and presumably other proteins. It is thus 
important to denature the myosin preparations before partial 
proteolysis to minimize influences other than that of the primary 
structure on the cleavage of the heavy chain. Proteolysis of 
SDS-denatured myosin suggests that neither the presence of the 
light chains nor the presence of another myosin species 


influences the cleavage ofa given heavy-chain te (rel. 27 and. 
S.M.S. and R.G.W., in preparation). This approach has there- 
fore been used to examine the myosin heavy chains present: inrat 
muscle development. 

Figure 1 (upper) shows the heavy-chain degradation pattern 
produced by chymotryptic treatment of various myosins from 
cultured cells (L6) or fetal, newborn and adult muscle. tissue. 
From about 19 days after birth, the myosin heavy-chain cleavage 
pattern is indistinguishable from that shown. by adult fast 
myosin. As described previously”, a distinct embryonic myosin 
heavy chain (MHC,,,,) can be found in cultured muscle cells and 
fetal muscle tissue. However, during the first. two weeks after 
birth another heavy chain isozyme appears which differs in its 
degradation pattern from both the embryonic form and the adult 
fast and slow forms. We will refer to this isozyme appearing in 
the neonatal period as MHC,,o. 

The cleavage pattern produced by the neonatal myosin prep- 
arations is unique, as the two-dimensional gel analysis of the 
chymotryptic polypeptides illustrates (Fig. 1, lower half). This 
high-resolution analysis shows that the cleavage pattern of 
neonatal heavy chain is qualitatively different from that of either 
MHC,,,, or fast myosin heavy chain (MHC,).. Some charac- 
teristic MHC, polypeptides are shown by arrows in Fig. 1 
(lower half). The myosin from fetal tissue (~1 day} contains 
some MHC,eo (arrows; see also Fig. 4). The two-dimensional 
polypeptide map of MHC,,,, bears no resemblance to that of the 
adult slow heavy chain (compare with Fig. 3 of ref. 27). The 
cleavage pattern of MHC,,, is unlike that of any other adult 
skeletal or cardiac muscle myosin that we have examined nor is it 
homologous to non-muscle heavy chain (S.M.S. and R.G.W., 
unpublished observation). 


Immunological studies on developmental 
isozymes of myosin 

Complement fixation has been used as a means of measuring the 
extent of cross-reactivity of a given antibody with different 
myosins*’?'*°_ Previous work has shown that the myosin sub- 
fragment, heavy meromyosin (HMM), denatured with SDS 
before injection, produces antibodies with considerable muscle- 
type specificity. This specificity is greater than when the HMM is 
injected in its native state*’*?. Thus antibodies to SDS- 
denatured HMM prepared from 8-day old rats were raised in 
guinea pigs. 

In our experiments we used antisera from two different guinea 
pigs. These anti-neonatal myosi eact ; 
the heavy-chain component; t 
against myosin or crude myosin- 
separation by SDS-gel electrophore 
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Fig. 1. Polypeptide mapping of. various 
myosins. Myosins were prepared as previously 
described**, the final step being purification on 
a Sepharose 2B column in the presence of ATP. 
Myosin was preparéd from the adult soleus 
muscle (sol) as an example of slow myosin, and 
from L6 cells as an example of a myosin 
containing the embryonic heavy ‘chain’ (see 
text), The remaining myosins were prepared 
from the hind leg muscles of adult rats (ad), the 
soleus muscle being deliberately excluded, or 
from rats at various stages of development (day 
~1 is 20 days of gestation; the other numbers 
indicate days after birth). The proportion of 
slow myosin in the adult hind leg muscle pre- 
parations did not exceed 5%, as determined by 
electrophoretic analysis of native myosin (see 
Fig. 4 legend). In the upper part of the figure, 
analysis was carried out on a one-dimensional 
SDS gel composed of 12.5% (w/v) acrylamide 
and 0.1% (w/v) bisacrylamide. Myosins 
(0.4 mg ml” ') were digested with chymotrypsin 
(108 pg m1”) for 30 min at 37 °C as described 
previously’, and 16pg of each degraded 
myosin was loaded on to the gel. In the lower 
part of the figure, 60 pg of chymotryptic 
cleavage products were analysed on two- 
dimensional gels. For these experiments, the 
concentration of myosin was 1.2 mg ml” and 
that of chymotrypsin 300pgml™'. The 
ampholytes in the isoelectric focusing gel were 
composed of 1.6% (w/v), pH 5-8 and 0.4% 
(w/v), pH 3-10, and the second dimension slab 
gel was 12.5% (w/v) acrylamide and 0.1% 
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(w/v) bisacrylamide. Two-dimensional gel electrophoresis was carried out as in ref. 24 with the modifications described in ref. 51. The position of 
the highest molecular weight light chain, LCi, is shown for reference as the extent of migration varied slightly among the different samples. 
Unlabelled arrows indicate characteristic polypeptides of the neonatal heavy chain which are also present in small quantities in the ~1 day myosin 


sample. 


lulose paper*® (A.-M. Lompré and K. Schwartz, unpublished 
results). The myosins to be used as test antigens in the comple- 
ment fixation reaction were purified on Sepharose 2B 
columns**, denatured with SDS and mercaptoethanol by heat- 
ing, and the excess SDS removed as described previously”. 
These myosins were reacted with the antisera at dilutions chosen 
to give ~60-70% complement fixation with the homologous 
antigen (myosin from 10-day old animals), When the antisera 
were tested with myosin from adult fast muscle, fetal muscle 
tissue or from L6 cells, the amount of complement fixed was 
considerably less than in the case of the neonatal myosin (Fig. 2). 
This result illustrates that there are quantitative antigenic 
differences between the various myosins, although they share 
some common determinants. The absence of a reaction for L6 
myosin at the dilutions shown does not indicate a total lack of 
cross-reactivity; if the neonatal myosin antibodies are simply 
concentrated then a positive reaction can be obtained for the L6 
myosin which differs quantitatively from that given by the 
homologous antigen (result not shown; see also ref. 27). The 
myosin from fetal muscle tissue gives greater complement 
fixation than does L6 myosin due to the presence of MHC,,, in 
the tissue preparations (see Figs 1, 4). 

These results show that neonatal myosin differs immuno- 
logically from both adult myosin and the embryonic form found 
in fetal muscle tissue and L6 cells. Together with previous results 
which show immunological differences between L6 and adult 
myosin?’, this approach distinguishes between the three myosins 
containing MHC,,,,, MHC,,.. and MHC,. 

Antibodies to adult fast and slow myosin were also used in 
indirect immunofluorescence assays on sections of the gastroc- 
nemius muscle of 7~8-day old rats. Most of the fibres in such 
muscles are stained when reacted with the antibody to adult fast 
myosin (Fig. 3a). When this antibody is absorbed with myosin 
extracted from neonatal muscle (see Fig. 3 legend for details), 
the fluorescence reaction with the neonatal muscle sections is 
diminished as expected (Fig. 3b). When used at the same 
dilution, this absorbed antibody will still react with the fast fibres 


of the adult diaphragm (Fig. 3c). These results show that the 
unabsorbed anti-fast myosin antibody cross-reacts with neona- 
tal myosin but that these cross-reacting antibodies can be 
removed without totally abolishing the reaction with adult fast 
myosin. An antibody to adult cardiac myosin which cross-reacts 
extensively with slow-twitch skeletal myosin?" was used as a 
probe for slow myosin-containing fibres. Few fibres stained 
brightly (Fig. 3d); the proportion of positive fibres varied 
according to the region of the muscle examined. These 
immunocytochemical results thus completely agree with the 
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Fig. 2 Complement fixation reactions using antisera to neonatal 
myosin. Heavy meromyosin (HMM) was prepared from the myosin 
extracted from the hind leg muscle of 8-day old rats*®. The HMM 
was denatured with SDS and the excess SDS removed on a G-10 
column as described elsewhere?” before injection into five guinea 
pigs. Four animals developed antibodies; the results shown here 
are for two of these antisera. The test antigens were prepared from 
adult muscle (adult fast, ©), muscle of 10-day old animals (neo- 
natal, @), muscle from animals at 20 days of gestation (fetal, x) and 
from fused cultures of L6 cells (L6, W). Each test antigen was 
denatured with SDS and the excess SDS removed on a G-10 
column®? before reaction in the complement fixation test”. 
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Fig. 3 Immunocytochemical reactions of neonatal and adult 
muscles. Indirect immunofiuorescence was carried out using anti- 
bodies prepared in guinea pigs. A fluorescein-labelled goat anti- 
guinea pig immunoglobulin antiserum (Nordic) was used as the 
second antibody. In a, an antibody to adult fast myosin”? was 
reacted at a dilution of 1:100 with a section of 7-day gastrocnemius 
muscle. The anti-fast antibody was also absorbed with myosin 
prepared from neonatal muscle by first mixing the myosin and 
antiserum in 0.6 M NaC] and then dialysing to low ionic strength to 
precipitate the myosin. In 6, this absorbed antibody was reacted at a 
dilution of 1:40 with the 7-day gastrocnemius muscle. Inc, the 1:40 
diluted absorbed antibody was reacted with a section of adult 
diaphragm; it reacts with those fibres that react as fast fibres in 
histochemical staining (results not shown). d, The 7-day gastroc- 
nemius muscle was stained with an antibody to adult cardiac 
myosin?" 


polypeptide mapping and complement fixation experiments in 
that they show differences between neonatal and adult myosins. 


Electrophoresis of native myosins 


The various myosin preparations were further investigated by 
gel electrophoresis in native conditions’’**; L6 myosin 
(containing MHC,,,,) gave only one band (Fig. 4). This same 
band is found in extracts of fetal tissue at 3 days before birth. 
Two days later, andin the first few days after birth, another band 
is present which is distinct from that containing MHC,,,, (see 
also the results for the mixture of L6 myosin and a 10-day 
preparation); this corresponds to the appearance of myosin 
containing MHC,,,, (Fig. 1). In the second week after birth, three 
bands are seen for neonatal myosin; the presence of three bands 
at this time is probably due to the formation of isoenzymes based 
on light chain content®°’. From about 14 days onward, the 
adult fast myosin bands can be seen. The adult slow myosin 
isozymes are clearly separated from the embryonic, neonatal 
and adult fast forms (Fig. 4). This analysis confirms the time 
course of the developmental sequence observed using the poly- 
peptide mapping approach (Fig. 1). 


Formation of synthetic myosin filaments 


The size and structure of synthetic thick filaments formed from 
adult fast skeletal myosin depends critically on the relative 
concentrations of ATP and Mg” in the dilution buffer”. We 
have therefore compared the effect of these parameters on the 
formation of synthetic filaments obtained from myosins 
containing the embryonic, neonatal and adult fast and slow 
heavy chains. 

Synthetic filaments were formed by controlled dilution of 
myosin and were examined by electron microscopy as previously 
described“. In these experiments, the concentration of ATP in 
the diluting buffer was kept constant at 0.1 mM and the 
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Mg” concentration varied between 0.1 and 10 mM. Electron 
micrographs of the various types of filaments obtained from 
neonatal myosin are shown in Fig. Sa~c. Depending on the 
concentration of Mg’*, three types of filaments were observed. 
At intermediate concentrations bipolar filaments with tapering 
ends and constant diameters of 15-20 am were found (Fig, 5a). 
This type of filament is structurally similar to natural ones 
isolated from adult fast skeletal musclet, At high concen- 
trations of Mg**, thicker spindle-shaped filaments up to 50- 
60 nm in diameter were formed (Fig. 58). At low concentrations 
of Mg“, thin branched structures, ~ 5-7 nm wide were observed 
(Fig. 5c). The neonatal myosin filament preparations thus 
behave qualitatively in the same way as those of adult fast 
myosin*’, 

The concentration range over which these types of filaments 
were found differed for the several myosins tested (results shown 
schematically in Fig. 5, lower left). Both fast and slow adult 
myosins form bipolar filaments with constant diameters. over a 
similar, large concentration range (0.5~10 mM Mg**). The Mg?* 
values at which such bipolar filaments are found is narrow for 
neonatal myosin and is particularly restricted with L6 myosin. In 
the latter case, homogeneous populations of bipolar filaments 
with constant diameters were rarely obtained. Furthermore, the 
lengths of the bipolar filaments formed in the presence of 2 mM 
Mg?" differed for the various myosins (see histogram, Fig, 5, 
lower right). Both adult fast and slow myosin formed very long 
filaments (5-7 um), longer in fact than natural filaments from 
fast muscle, which are 1.6 um long*'. Neonatal myosin formed 
filaments of intermediate length (2-4 pum) and L6 myosin only 
very short ones (<1 pm). 

The formation of myosin thick filaments is due to the aggre- 
gation of the heavy-chain subunit, in particular the C-terminal 
a- helical portion. It has been suggested that the LC2 light chain 
might influence filament formation”. In adult fast, neonatal 
and L6 myosins, the LC2 light chain seems to be the same (ref, 
24 and R.G.W., results not shown). Thus the differences in 
filament formation between these three myosins are probably 
attributable to differences among the heavy chains, in 
agreement with our biochemical and immunological results. 


Relationship to previous studies 


We have demonstrated that development of rat skeletal muscle 
tissue is characterized by the presence of specific myosin iso- 
zymes differing from both the fast and slow adult forms. ‘These 
results are consistent with several previous studies. Earlier work 
by Trayer and Perry’® has shown that the Ca”*-ATPase activity 
of myosin changes with development of the muscles of several 
animals, including rats. In addition, Drachman and Johnston’ 
have shown that actomyosin ATPase activity is low in the 
neonatal rat EDL (extensor digitorum longus) muscle until 5 
days after birth. After this time the activity increases, reaching 
adult values by ~20 days. These changes in ATPase activities 
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10d 
Fig. 4 Electrophoresis of native myosins in non-dissociating 
conditions. Myosin samples (1-3 pg) were run for 16h at 
14 Vcm' and 2 °C on cylindrical gels (5 x 60 mm) which consisted 
of 3.88% (w/v) acrylamide and 0.12% (w/v) bisacrylamide and 
contained 20 mM sodium pyrophosphate (pH 8,5), 10%. (v/v) 
glycerol, 1mM EDTA and 0.01% (w/v) 2-mercaptoethanol: 
Migration was from top (cathode) to-bottem (anode). Abbre~ 
viations.as in Figo Leos, 
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Fig. 5 Electron microscopy of synthetic myosin filaments. The 
upper part of the figure shows representative micrographs illus- 
trating the overall appearance of filaments formed from neonatal 
myosin (10-day old muscle) in the presence of 0.1 mM ATP. The 
Mg?" concentration in the polymerization medium was: a, 2 mM 
Mg’*; b, 10mM Mg* and c, 0.1 mM Mg". Filaments were 
formed by controlled dilution and prepared for electron micro- 
scopic examination as previously described“. The bar in a 
represents 0.5 um. The lower left part of the figure shows a 
schematic representation of the electron microscopic observations 
of the filaments formed from several types of myosins: adult fast 
(F), adult slow (S), neonatal (N) and embryonic myosin from fused 
L6 cells. Polymerization was carried out in the presence of 0.1 mM 
ATP and the Mg*” concentration was varied over the values 
indicated. The parallel lines indicate the presence of long, bipolar 
filaments of 15-20 nm diameter (as in a; see text). The leaf-shaped 
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symbols indicate the presence of filaments of thicker diameter (as in b). The curved lines indicate the presence of short, branched structures (as in 
c). Two identical symbols in the same square indicate that the filament population was homogeneous; two different symbols indicate that the 
sample was apparently a mixture of filament types. The lower right part of the figure is a histogram showing the distribution of filament lengths (in 
um) observed at 2 mM Mg" for the four different myosins. In all the experiments shown here, the preparation of the myosin and the electron 
microscopy did not exceed 24h to minimize any phenomena due to ageing of the myosin as noted previously*’, A shortened protocol was 
therefore used to prepare the myosin, The muscle tissue was homogenized in a Polytron homogenizer in three volumes of a buffer containing 
0.5 M NaCl, 0.05 M Tris-HCI (pH 6.8), 10 mM MgCl, and 3 mM ATP. After extraction for 20 min at 0°C, the sample was centrifuged at 
15,000g for 20 min. More ATP was added to the supernatant to give a final concentration of 6 mM, and the sample was centrifuged at 400,000 
for 1 h or more to remove polymeric actin. The resultant supernatant was dialysed against a large volume of 40 mM NaCl, 30 mM Tris-HCl 
(pH 6.8). After ~3 h the precipitated myosin was collected by centrifugation and resuspended in 0.5 M NaCl, 20 mM Tris-HCI (pH 6.8). The 
myosin was stored on ice for several hours until the start of the electron microscopy experiments. 


may be a manifestation of the transitions taking place among 
different myosin isozymes, as they occur in rats at about the 
same time as the observed transition from neonatal to adult 
myosin. 

Trayer and Perry'® have also shown that changes in ATPase 
occur somewhat earlier in rabbit than in rat. Using polypeptide 
mapping, we have found that the predominant myosin heavy 
chain in newborn rabbits is homologous to the rat neonatal form 
(results not shown). Migration of the rat neonatal isozymes in 
native electrophoresis is also very similar to that of newborn 
rabbit myosin**. The neonatal form of rabbit myosin persists 
until at least 10-15 days after birth (results not shown). This 
observation can be related to studies of amino acid sequence: 
Huszar** found that the myosin from 3-week old rabbits 
contains two different, yet homologous, histidine-containing 
tridecapeptides whereas adult myosin retains only one. From 
our results, the additional sequence found at 3 weeks post-natal 
probably corresponds to that of rabbit neonatal myosin and not 
embryonic or adult slow myosin. Both the sequence studies and 
the results of polypeptide mapping show that the isozyme 
transitions involve heavy chains that differ in primary structure. 


Our results are consistent with previous immunocytochemical 
studies on developing rat muscle'*:'® which used antibodies 
directed against the adult fast and slow myosins. It is likely that 
these antibodies cross-reacted with MHC.,.,, MHC,,, or both. 
The use of antibodies to native myosin has demonstrated 
considerable antigenic homology among adult fast and slow as 
well as embryonic myosin heavy chains?’”"**. Moreover the adult 
anti-fast myosin antibody used here (Fig. 3) clearly cross-reacts 
with neonatal myosin. However, it can be noted that Gauthier et 
al."* found that the adult pattern of antibody staining is 
established by the third week post-natal. This timing correlates 
well with the disappearance of the neonatal isozyme. 

The conflicting results of immunocytochemical studies on 
developing chicken muscle’*:'*’°?! may also be due to differing 
degrees of cross-reactivity of the antibodies with myosin types 
analogous to the rat embryonic and neonatal forms. It has been 
claimed’? that the myosin heavy chain of cultured chicken cells is 
identical to the adult protein, based on results of Ouchterlony 
double diffusion. It was found that if a mixture of radioactively- 
labelled, cultured myosin and adult fast myosin was diffused 
against antibodies to fast myosin then both proteins were found 
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Fig.6 Schematic representation of the myosin subunits present at 

various timies during fast muscle development. This representation 

is meant to illustrate concisely the predominant polypeptides 

present in a.given situation; it does not show explicitly the stoi- 

chiometry of the native molecule nor does it indicate presumably 

minor combinations of heavy and light chains (such as LClen» with 
MH Cheo). 


in the same precipitation line’’. Such a result is precisely that 
expected if the culture myosin is different from the adult fast 
protein but simple shares some antigenic determinants with the 
latter. Polypeptide mapping studies provide evidence for a 
distinct developmental form of myosin heavy chain in chickens 
(refs 26, 45 and S.M.S. and R.G.W., unpublished observations). 
Thus there may be parallels between avian and mammalian 
muscle development concerning the myosin heavy-chain iso- 
zymes. 

Innervation and myosin isozyme transitions in 
muscle development 


A schematic representation of the myosin transitions occurring 
in rat muscle development is given in Fig. 6. Our data suggest 
that the first heavy-chain isozyme to appear after muscle cell 
fusion is that designated MHC,,,,,, based on results with cultured 
myotubes and fetal muscle tissue””“°. The light-chain subunits 
associated with this heavy chain evolve as cultured myotubes 
then mature*®. The predominant myosin heavy-chain form at 
different stages of development is either the embryonic or the 
neonatal isozyme (Fig. 6). We cannot, however, rule out the 
presence of small amounts of the adult fast and slow types at 
these stages: Immunocytochemical studies of fetal rat muscles 
suggest the presence of a major fibre population containing slow 
myosin'®, Whether this result is simply due to a cross-reaction 
with embryonic myosin is unknown. The precise sequence of 
appearance of these four isozymes within individual fibres can 
be determined when antibodies specific to each type become 
available. It is possible, for example, that different fibre types 
evolve differently’® and that MHC,,,, may be a component of 
one type and MHC,,,, a component of another. 
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Activity or trophic influences of the nerve are important in 
determining the phenotype of the muscle in the adult animal, 
and similar mechanisms might operate during development’ ^. 
Muscle fibres of the newborn rat are in contact with several 
nerve axons*’. This polyneuronal innervation regresses so that 
by ~3 weeks after birth only one axon remains per muscle fibre. 
Results which suggest that both fast and slow adult myosins are 
present in the early developmental stages’* could be taken to 
indicate that a switching off of one or the other myosin type 
occurs in response to the establishment of the adult configura- 
tion of the neuromuscular junction. It has also been suggested”” 
that only fast myosin is present in developing muscle fibres and 
that the induction of slow myosin can occur as a specific nerve 
impulse pattern is established during the regression of poly- 
neuronal innervation, 

However, our results have shown that the predominant 
myosin heavy-chain isozymes in developing muscle are neither 
adult fast myosin nor a mixture of the adult fast and slow types. 
One possibility is that the absence of well defined nerve activity 
or trophic pattern at these stages is responsible for the absence 
of adult myosin types. Embryonic myosin is synthesized by 
cultured myotubes in the absence of innervation?’ **. Whether 
the neonatal heavy-chain form is actively induced as a 
consequence of polyneuronal innervation, or whether it can be 
synthesized by the muscle fibre in the absence of any nervous 
input is unknown. 

This is the first demonstration of three myosin heavy-chain 
isozymes occurring sequentially in fast muscle development. 
There have been other demonstrations of the sequential 
appearance of proteins of related structure and function, for 
example, the embryonic, fetal and adult forms of globin”, or 
a-fetoprotein and serum albumin”, The class switch of 
immunoglobulin molecules in the maturing lymphocyte is also 
an example of the sequential expression of protein isoforms. 
This immunoglobulin switching occurs via deletions of the DNA 
coding for the constant-region domains of the antibody mole- 
cule (see ref. 50). Myosin is a protein also composed of several 
clearly different domains’. Whether the isozymic transitions of 
the myosin heavy chain reported here are related to gene 
deletions and fusions can be tested at the protein level, by 
comparing the various subfragments of the different iso- 
enzymes, and at the DNA level, using cloned gene fragments. 
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Distinguishing between a white dwarf 
and a neutron star in an X-ray binary 


Joseph Patterson 


Harvard-Smithsonian Center for Astrophysics, Cambridge, 
Massachusetts 02138, USA 





It is proposed that the single most useful clue to the nature of the 
accreting compact star in an X-ray binary is its ratio of X-ray to 
visual luminosity L,(2-10 keV)/L,. Present data indicate that 
typical L,/L, ratios are ~4 for white dwarfs, and ~5000 for 
neutron stars. These numbers are straightforward consequences 
of the energetics of accretion, and are approximately indepen- 
dent of the distance, stellar mass, and mass transfer rate. The 
data suggest that the ratios are also not very sensitive to any of 
the other system parameters, except the radius of the compact 
star. 

Remarkably, there is still no general and reliable method for 
determining whether the accreting component in a galactic 
X-ray binary is a white dwarf or neutron star. Davidson and 
Ostriker’ and Lamb et al.’ argued that the pulsation periods of 
Cen X-3 and Her X-1 are too short to represent white dwarf 
pulsation or rotation periods, Lamb et al? and Rappaport and 
Joss* used the observed spin-up time scales in X-ray pulsars to 
establish the presence of a neutron star in most or all of these 
systems. Joss* identified X-ray bursters as neutron stars, and 
Kylafis and Lamb suggested that all sources with Ly> 
5 x 10° erg s“' contain neutron stars. None of these criteria are 
generally applicable, however, as most sources do not pulse, 
burst, or reveal their distances. The X-ray spectrum was once 
thought to be a useful discriminant, when the first detection of an 
accreting white dwarf showed a very soft spectrum’. But 
subsequent observation has shown that accreting white dwarfs 
are generally quite hard sources, with bremsstrahlung tempera- 
tures of ~10-30 keV (ref. 7). I propose here that the most 
sensitive and useful indicator of the identity of the compact star 
is its ratio of X-ray to visual luminosity Ly/L,. This is easily 
measured; approximately independent of the distance, stellar 
mass and mass transfer rate; easily understood in terms of the 
underlying energetics of accretion; and seems to give the right 
answer. Figure 1 shows all available data on optically identified 
compact X-ray sources. These divide neatly into two classes. 

(1) The filled squares in Fig. 1 are sources discovered by 
scanning X-ray telescopes (hence ‘X-ray selected’), and 
represent a nearly complete sample down to a flux level of 
Fx(2-10 keV) =4x 10°" ergcem™’s”!. Bradt et al.* presented 
data on Ly(2-10 keV)/L, for 54 sources, and seven subsequent 
identifications have been added: 2A0311 —227 (Lx/L, = 5.5) 
(refs 9, 10), 2A0526~—328 (1.6) (ref. 11), H2252—035 (3.2) 
(ref. 12), V1223 Sgr (2.2) (ref. 13), U Gem (1.4) (ref. 14), GK 
Per (5.2) (refs 15, 16) and 4U1556~—60 (2,300) (ref. 17). 
Although Bradt et al? presented their data in terms of ‘optical 
luminosity’ (after applying the best available bolometric cor- 
rection), we have used instead the visual flux and apply only their 
correction for visual absorption A,. Thus we avoid working with 
large and uncertain bolometric corrections. No correction to the 
2-10 keV X-ray flux is necessary, because the X-ray cutoff 
energies are known to be outside this bandpass. To determine 
the L/L, ratio of the accreting component (including an 
accretion disk if present), we must subtract the visual luminosity 
of the secondary. Where both components are visible (HZ Her, 
4U2129+47, H2252~035, Cyg X-2, SS Cyg, GK Per, 
280921 — 63, possibly SMC X-1), this can be done with reason- 
able precision; but in 23 of the 61 stars, the luminosity of the 
secondary is completely dominant at visual wavelengths, and 
hence only a lower limit to L/L, can be obtained. 
Consequently, we exclude these 23 stars from Fig. 1. The 
remaining 38 stars are shown as the filled squares in Fig. 1. 

The open squares in Fig. 1 are Einstein Observatory imaging 


proportional counter (IPC) measurements of 25 additional 
optically selected cataclysmic variables, drawn from available 
lists (refs 7, 18, unpublished data, and P. Szkody, personal 
communication). We use the IPC counting rate in the 0.55- 
4.0keV energy channels and the visual magnitude m, as a 
measure of L,/L,. Because eight of the X-ray-selected objects 
are cataclysmic variables which have been observed with the 
IPC, we may calibrate this ratio by requiring that the Einstein 
Lx/L, equals the ratio deduced from the data of Bradt et al.®. 
This converts roughly to: Ly/L,=1 for m, = 13.7, IPC count 
rate = 0.22 c.p.s. (counts per s). This conversion should be fairly 
reliable as all these objects are nearby (~ 100 pc, rendering 
interstellar absorption unimportant), have similar UBV 
colours, and have similarly hard X-ray spectra. In addition to the 
33 positive detections (including the eight X-ray-selected 
objects), there are six objects not detected, corresponding to 
Ly/L,€0.1; these are not shown in Fig. 1. 

A biomodal distribution in the L/L, ratios is visible in Fig. 1: 
the sources cluster around mean values of L/L, = 4 and 4,900. 
Because there are two known stable configurations for compact 
stars with radii differing by a factor of ~ 10°, the neutron-star 
and white-dwarf population of the two classes should be 
investigated. The existence of neutron stars in systems contain- 
ing X-ray pulsars with short spin-up times, and neutron stars or 
black holes in systems containing X-ray bursters or with Lx > 
5x10% ergs”! can be certified, as can the existence of white 
dwarfs in classical novae, dwarf novae, AM Herculis stars, and 
X-ray pulsars with long spin-up times. To avoid optical selection 
effects only X-ray selected objects are considered. All certified 
white dwarfs and neutron stars are labelled W or N respectively 
in Fig. 1. In the group near Ly/L, = 5,000, we find 12 neutron 
stars, no white dwarfs, and 17 uncertain cases. In the group near 
L/L, = 4, we find no neutron stars, seven white dwarfs, and two 
uncertain cases. The natural inference is that accreting neutron 
stars typically have Lx/L,~ 5,000, white dwarfs typically have 
Lx/L,~4, and the lack of overlap between the two classes 
emphasizes the value of Lx/ L, as a signature of the presence of a 
white dwarf or neutron star. The Einstein observations of 
cataclysmic variables (which are known to contain white dwarfs) 
confirm that our nine objects near Lx/L, = 4 are not aberrant 
cases, but are fairly typical of accreting white dwarfs (with high 
L/L, objects preferentially detected in X-ray surveys, as would 
be expected). 
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Fig.1 Distribution of Ly/L, ratios for the accreting component 
of optically identified compact X-ray sources. E, Sources identified 
from scanning X-ray telescopes; C], Einstein observations of 
optically selected cataclysmic variables (the X-ray and optical 
measurements during quiescence were used for dwarf novae). 
The average values of Ly/L, are indicated for the group near 
Ly/L,=1 and = 5,000. Systems known to contain white dwarfs 
and neutron stars are labelled W and N respectively. 
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This result is easy to understand in terms of the energetics of 
disk accretion, as most of the optical light emerges from large 
radii in the disk (where there is no dependence on the nature of 
the compact star), but the X rays emerge from gravitational 
potential wells which differ in depth by a factor of ~ 1,000. Fora 
self-luminous steady-state accretion disk’® surrounding a 1 Me 
neutron star, (or black hole, which is for present purposes 
equivalent to a neutron star), with M =10 ° Moyr', only 5% 
of the optical luminosity is produced at radii less than a typical 
white dwarf radius of 6.x 10° cm. Thus, for accretion rates near 

10°'° Mo yr™, we have approximately 
M) W 


M 
-roo (E) 
L,=3x10" ergs (Iit, 10 Mey 


independent of the nature of the compact star. But the 
bolometric luminosity {Lys} depends on the radius R, of the 
compact star: 











M, M R t 
=3x10% -1 ( * ) ( ) ( x ) 
Loot = 3x10" ergs (Mo) 10 Mayr) \6x10% em! (2) 
If a fraction k of the accretion energy emerges in hard X rays, 

then Lx = kL, and therefore 


~t 
(z x10" a 83) 
Now for both neutron stars and white dwarfs, the observed 
bremsstrahlung temperatures are in the range 10-30 keV, hence 
our adopted 2-10 keV window will typically miss ~ 50% of the 
X-ray flux. For white dwarfs, a well-formed accretion disk may 
radiate at optical and UV wavelengths much of the total gravi- 
tational energy available, lowering the value of & still further. 
Reasonable values are therefore k = 0.5 for a neutron star and 
k =0.2 for a white dwarf. Then the expected values of Lx/L, 
become 2 and 3,000 for white dwarfs and neutron stars respec- 
tively. 

Refinements to this plausibility argument—especially the 
consideration of detailed emission mechanisms-—will be worth 
adding in the future. Two of the stars in the X-ray-selected 
sample are AM Her stars, in which accretion is thought to 
proceed by radial infall onto the white dwarf, without the 
mediation of an accretion disk. Yet their Lx/ L, ratios are typical 
of the entire class of accreting white dwarfs (4.0 for AM Her, 5.5 
for 2A0311—227). Similarly, some fraction of the accreting 
neutron stars may produce most of their visual luminosity by 
reprocessing X- rays in the disk, which ought to lower the Lx/ Ly 
ratio from that expected in a pure accretion model. However, 
there is no obvious signature of the reprocessors in Fig. 1. We 
can speculate that the AM Her stars will be found to inhabit the 
high end of the Lx/ L, distribution for accreting white dwarfs, 
and the reprocessors will prefer the low end of the Lx/L, 
distribution for accreting neutron stars. Good candidates for the 
latter include A0620 ~ 00, 250921 —63, HZ Her, 4U1626 — 67, 
4U1659 — 49, 401822 —-37, Aql X-1, and 4U1957 + 11. But the 
data do not yet demand this segregation. Presumably, the great 
difference in the depths of white dwarf and neutron star gravita- 
tional potential wells overpowers effects arising from the local 
geometry and the detailed emission mechanisms. Because 
Lx/L, is simple to measure and depends strongly only on the 
radius of the compact star, it seems to be the most useful and 
reliable indicator of the nature of the compact star. 

How will discarding our selection criteria affect Fig. 1? The 
Einstein observations of cataclysmic variables show that the 
mean value of L/L, for white dwarfs will decrease to ~ 1. The 
mean value for neutron stars will probably increase, as there are 
many unidentified sources with small error boxes containing 
only very faint stars (whereas X-ray sources with bright 
counterparts have probably not been missed). In addition, our 
deduced values of Lx/L, must be increased if a significant 
fraction of the optical light is produced by means other than 
accretion-——a very real possibility for neutron-star sources. Thus 
it seems likely that the empirical gulf between white dwarfs and 


Ly/L,=10k 


neutron stars in Fig. 1 will remain sufficiently wide.to provide an 
unambiguous discriminant. 

The use of the Lx/L, discriminant should help to classify 
newly discovered X-ray binaries. Among presently known 
sources, there are controversies concerning the nature of the 
compact star in Sco X-1 (Ls/L,= 5,000) (ref. 20), Cyg X-2 
(11,000) (ref. 20), 4U1822~37 (300) (ref. 21), 402129 +47 
(1,900) (ref. 22), and H2252 — 035 (3.2) (refs 23, 24). According 
to our criterion, the first four should be classified as neutron 
stars, and the last as a white dwarf. Of course, our criterion does 
not distinguish neutron stars from black holes. Finally, it should 
be emphasized that 38% of the identified sources have not been 
considered, in which the existence of a luminous secondary 
prevents the use of the Lx/L, discriminant. 
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Pulsar slow-down epochs 
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Theoretical arguments about the progenitors of pulsars su 

that all neutron stars may have essentially the same mass" m 
and the same magnetic moment** M. Direct determinations“ 
support this view and give m=10° 9 (the Chandrasekhar 
mass) and M = 10° G cm’ and theoretically inferred values for 
accreting binary systems”' show a surprisingly small scatter. 
Can this apparent uniformity of binary pulsars be reconciled 
with the timing data for (single) radio pulsars, many of which 
may have also been binaries for some time? In most theories it is 
assumed that the neutron star is slowed-down by the combined 
action of a plasma-current torque and a vacuum-wave torque. 
This has led to the conclusion that there is a deficiency in ‘old’ 
pulsars (as measured by their ‘slow-down age’ P/P) and that the 
inferred magnetic moments vary by two orders of magnitude. A 
worse result is the derived pulsar birth rate’ of one per 10 yr if 
the half life of a pulsar is 10° yr as follows from the standard 
slow-down theory. From these facts we present a new model for 
pulsar slow-down. The present model predicts four different 
slow-down epochs from evolutionary changes of the magneto- 
sphere, which are dominated by different braking mechanisms. 
The model assumes that the masses, magnetic moments and 
initial rotation periods of all neutron stars are equal. We show 
that no direct relationship can exist between the ‘slow-down age’ 
and the true age of a pulsar and that the pulsar birth rate is one 
per 100 yr. 

Although radio pulsars have been identified with rotating, 
magnetized neutron stars® and it has been shown that they must 
be surrounded by a magnetosphere” which is independent of _ 
the neutron star’s surface"? the progress towards understand- 
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ing the aspects of the magnetosphere, which determine the 
slowing-down (‘braking’) of the neutron star’s rotation, has been 
slow’?. The theoretical analysis of pulsar braking is hampered by 
two facts: no self-consistent solution for a pulsar magnetosphere 
has been found and that the pulsar timing data seem to reveal 
more about the neutron star’s interior’* than about its magneto- 
sphere. The profusion of radio observations can at best be used 
as a diagnostic’* for the slow-down process. The present model 
is based on the following assumptions. (1) ‘Young’ pulsars 
produce so much plasma by means of ‘sparking’??? that within 
the plasma no low-frequency wave can propagate’*:'®. (2) As 
pulsars ‘grow older’ sparking becomes less effective so that 
low-frequency waves can eventually be emitted from within the 
plasma. (3) The Goldreich—Julian’ model as extended to the 
oblique rotator by Mestel’® describes the long-term aspects of 
the magnetosphere out to the velocity-of-light cylinder (that 
part of the magnetosphere which, were it to corotate rigidly, 
would rotate at the speed of light). Minor modifications such as a 
current-regulating net charge and discharges due to radiation 
friction will be worked into the model later. (4) Considerable 
counteralignment between magnetic moment and the spin of the 
neutron star occurs during the first epoch, where the torque is 
dominated by currents in the plasma (the term ‘counteralign- 
ment’ is used here in the sense of perpendicularity it does not 
mean magnetic moment and angular momentum becoming 
antiparallel). The present model accounts for this coun- 
teralignment if the star can be treated as a sphere so that free 
nutation is not possible'”'*. However, any other (internal) 
mechanism which leads to considerable counteralignment will 
lead to the same consequences (see ref. 18 and refs therein). 
The Goldreich-Julian model of the pulsar magnetosphere 
predicts an excess charge-density in the magnetosphere 


0-B 
Segr (1) 
mC 
and an average current 
j=qcb, (2) 


along the open field lines which flow away from the surface area 
AF centred on the magnetic poles (polar caps). Here © is the 
spin angular velocity, B the magnetic field, c the velocity of light 
and by a unit vector in the direction of B. For the star not to 
charge up indefinitely there must be a back-current which flows 
along magnetic field lines further away from the centre of the 
polar cap: it will be regulated by a net charge. To close the 
current, charges must flow within the neutron star across the 
magnetic field lines and it is this current which breaks the 
neutron star’s rotation. In the Goldreich-Julian model it is 
assumed that energy and angular momentum are dissipated 
beyond the velocity-of-light cylinder. Within the velocity-of- 
light cylinder the charges move along the magnetic field lines 
like beads on a wire and their current provides a ‘magnetic 
spring’ between the neutron star’s surface and the matter 
beyond the velocity-of-light cylinder. Its torque T is given by 


= 1 x e 
t-—| @-BexBar (3) 
Anr 


where ř is the radius vector counted from the centre of the star 
and the integral is taken over a sphere of radius r. The current of 
equation (2)—in fact any current along the magnetic field lines 
which brakes the rotation—leads to a counteralignment 
torque’® between @ and Ñ, in distinction to the torque exerted 


Fig. 1 Schematic current flow 
which leads to counteralignment. If 

and M are parallel the current 
flow is metastable. The electron- 
fiow is shown, the algebraic current 
] is directed oppositely. The cur- 
rents have axial symmetry about 

the dipole direction M. 





by low-frequency waves propagating in vacuo, which (if not 
impeded by nutation’’) leads to alignment'**®. The coun- 
teralignment torque can be easily understood by noting that a 
current flowing through a magnetized sphere will set the sphere 
into rotation about the magnetic dipole axis M and the current of 
equation (2) is directed (Lenz’ rule) so that it reduces the 
rotation about the original axis. 

In the dipole approximation the polar cap surface area AF is 
given by?! AF = 27R? (Q.R/c), where R ~ 10° cm is the radius 
of the star and in a coordinate system centred on the magnetic 
dipole-axis we find for the toroidal component of the magnetic 


field 
G-B dF 
B=- . (4 
$ Qac lea (4) 





which leads by means of equation (3) to a torque 


a ek Se 
Ty = ~ ay (O -M)M (5) 


where M = R °$ is the magnetic dipole moment and a = 1. From 
the corotating part of the magnetosphere we obtain an induced 
magnetic field parallel to the rotation axis which leads to an extra 
torque (by means of the magnetic dipole moment M) on the star 


n= pe (Ô NÖM (6) 


where y = 1. Equations (5) and (6) may be compared with the 
vacuum-wave torque 17,19,20 


p a oe ee Ae a ee 
T= ~8 5 (MxO)xM+>5(M-HOxM (7) 


with B = 2/3. The common assumption that both plasma and 
low-frequency waves will contribute (more or less equally) to the 
slow-down torque, which leads to the large scatter in inferred 
magnetic dipole moments will now be shown to be wrong. If 
low-frequency waves cannot propagate within the plasma they 
cannot exist outside. Apart from a transition period where the 
plasma may just allow for low frequency wave propagation (the 
duration of which is difficult to estimate as it depends on the 
sparking mechanism) a pulsar is slowed-down therefore 
exclusively by either the plasma-current torque equation (5) or 
the vacuum torque equation (7). 

The orthogonal rotator provides the most favourable condi- 
tions for low-frequency wave-emission and we assume that the 
plasma which flows out of the velocity-of-light cylinder fills the 
space about the equatorial plane, consequently the waves are 
emitted into a plasma dead zone centred on the rotations axis. 
Let us assume that the two zones are separated by a cone of 
half-angle w (counted from the rotation axis) and as a first 
approximation’ that the plasma is infinitely well conducting. 

This problem can be solved exactly. Taking the solution of the 
vector-Helmholtz equation from Morse and Feshbach” one 
finds that the TEM-mode dominates and the dominant radiation 
mode is given by the lowest n for which 

ntl n 


n- (COS y) ~ P (cosy) = 0 (8) 
n+] 





n(n+1) 





1- 
P (cosy) = siny F(1~n, 2+n[2| —S*) (9) 


2 

F in equation (9) is the hypergeometric function which for 
non-integer n is regular in the upper hemisphere where equa- 
tions (8) and (9) hold. If we let the conducting cone shrink to the 
equatorial plane one obtains the Deutsch solution? with n = 1. 
For a thin plasma sheet (Y = 7/2~e) one finds approximately 


12 =(1—cos y) (n?n +2) n+3)-(1—n?)(1+n)(2—n)) (10) 
which shows that n is > 1. The radiated energy rate is 
2 =)" 


bs ea ear 
ae sage or F ay 





Nature Vol. 292 27 August 1981 


813 





Fig, 2 Plasma-vacuum configuration for which an exact solution 
of the vector~Helmholtz equation is possible. Hatchmg indicates 
the area supposed to be filled with overdense outstreaming plasma 
in which no low-frequency waves can propagate. Equation (11) 
gives the energy-loss due to low-frequency waves radiated into 
vacuum and n is determined from equations (8) or (10) 


For a finite thickness of the plasma sheet the emission of 
low-frequency waves is so strongly reduced (n = 2 for # = 1/4) 
that the wave pressure cannot balance the plasma pressure at the 
boundary and the plasma fills the whole space. Note, however, 
that if the plasma is asymmetrically distributed in the two 
hemispheres, such that one cone has y >/2 (plasma sw 
backwards, for example, by the pulsar’s proper motion? 
radiation emission is enhanced and such a state may be called 
superradiant. A young pulsar will therefore be slowed-down 
exclusively by the plasma current, an old one by the wave-torque 
and in the transition epoch we may have 


Jeraeq (B -a tym pS ety OM a 
(12) 


where J is the angular momentum and I the moment of inertia of 
the neutron star, I ~ 10“ g cm?. 

_, Together with the equation of motion for the dipole moment 
M, which is frozen into the star 


M=üxM (13) 


the evolution of the slow-down is easy to determine. Note that 
equation (12) takes into account only the convection current of 
equation (2). An additional conduction current due to sparking 
which may be larger than the convection current will only lead 
to a different a if the current flows along the magnetic field lines 
as depicted in Fig. 1. None of the conclusions regarding the first 
slow-down epoch will be affected as long as 8 = 0 as can be seen 
from equation (14) which becomes independent on a in this 
case. With the help of the first integral 


(0? sin? x 

(Q? cos xP 
where y is the angle between Ô and M we obtain for young 
pulsars, for which $8 = 0, 


= constant (14) 


sinx =en x2) (15) 
O= O(1 +etg7x,(1-e7)) 77 (16) 
which for small times 


= 0(1-F ogee * (2etg2y.+3etg*x.)) an 


where r =2aQ? sin? y(M7/Ic*)t=t/t, is a dimensionless 
parameter which measures the observer’s time ¢ in units of the 
e-folding time t, of the model, i refers to initial values. 

Before discussing equation (16), we will consider briefly 
another important parameter for timing observations. 
The so-called braking index N = (9.0/0) Pei oun mede 
by 


(B —a)? cos? x sin? x 
(a cos? x +B sin? x)? k 


and is never <3 due to torque minimization. Observationally N 
is reliably known only for the Crab pulser’ where N ~ 2, 5. 
Rewriting the energy balance equation in the form 


aay- -2 am)’ (19) 


cR? 

where F =4nR? is the surface area of the neutron star. A 
braking index of <3 may be explained ae the pulsar’s crust 
shrinking?!?>* at a rather large rate, or by a slightly larger polar 
cap AF/F = (O.R/c)*”. In fact, some theories” have the pulse 
width AP and the period P related as (AP/P)* = AF/F and the 
observations of the Crab , where AP/P ~ 1/5 is rather 
large’, would fit better with AF/F ~(Q.R/c)'” leading to a 
braking index N = 3-2/3 + 21g*y. 

The model is flexible enough to account for the available 
timing data even under the restriction thet all pulsars have the 
same moment of inertia [ = 10** g cm? and the same magnetic 
moment M =10*-" G am’. To determine t, from the obser- 
vations we identify those pulsars with anomalously low period 
derivative with the stars in our model which pass through the end 
of the first epoch. From the observations (i = 27 $~? which gives 
N. sin y, = 27 87! so that 


te™ 10° yr LM sd (20) 
Observationally the two most extreme cases are the Crab 
and the binary pulsar. For them equation (20) would lead to 
sin y, = 10717 and cos y, = 107'* respectively if we assume that 
both are young objects. To explain the binacy pulsar in this way a 
nearly orthogonal rotator is needed and one may worry whether 
equation (12) still applies. This case requires 8 <10™* and 
cos? y, <10. For the binary pulsar (Q.R/c)?<107°, which 
guarantees that 8 <10~ and inspection of the current given by 
equation (2) shows that it can be closed along the magnetic field 
lines through the star so that it does not lead to a torque. The 
braking is then no longer effected by the current of equation (2) 
but comes about through secondary energy losses such as spark- 
ing. Ruderman's estimate!” of that energy for the (faster) Crab 
E of 10°7—10™ ergs s~! would lead to the observed braking 
of the binary pulsar. The first epoch, which lasts some 10° yr 
accounts for roughly a half of the pulsars assuming that all are 
born as fast rotators. The other half can be explained in the 
penultimate epoch of pulsar slow-down, where vacuum waves 
can be emitted in the presence of plasma so that the period 
derivative goes back to its normal value. Note that in the present 
model the slow-down age is not related to the true age. The 
mean active life as determined by Obmic dissipation can easily 
exceed 10” yr (ref. 18) which brings down the pulsar birth rate by 
a factor of 10, in comfortable agreement with the more conser- 
vative estimates of supernova rates and the lack of discovered 
neutron stars at their centres”. 

We have so far only assumed that the current of equation (2) 
flows on average without demonstrating how it occurs. Of 
course, a rigorous demonstration requires a self-consistent 
solution of the magnetosphere problem, so only the following 
qualitative argument can be given. According to the Goldreich- 
Julian model particles cannot stay on open deld lines within the 
velocity of the light cylinder for the same reason that they cannot 
stay within the star: large electric fields would pull them out. 
This causes the charge with the correct sign as given by equation 
(1) to be pulled out, charges with the opposite sign, however, are 
pulled in on the same field line. Hence a pulsar must have a net 
charge™ Q to regulate the plasma outflow such that the star does 
not charge up indefinitely. Some of the charge will be distributed 
over the polar cap AF and most of it over the boundary of the 
corotating magnetosphere and because it must be able to 
influence the dynamics of the plasma at the velocity-of-light 
cylinder it must be of the order of 
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Such a charge reintroduces large electric fields parallel to B, so 
we have shifted the whole problem from the surface of the 
neutron star to its velocity-of-light cylinder, sufficiently far 
away, however, that the star does not get too heated'*. Note 
that the net charge as given by equation (21) will not give rise toa 
back current from the interstellar matter to the pulsar during its 
active life. This is because the pulsar is well shielded by the 
electromagnetic fields of the magnetosphere or the vacuum 
waves which both fall off like r~' whereas the monopole field 
falls off like r~? so that the force balance is in fact at the 
velocity-of-light cylinder. It follows that the exact current need 
not be that given by equation (2) but may be determined by the 
global magnetospheric structure. As pointed out by Mestel 
(personal communication) this need not have the symmetry 
about M, which was crucial for deriving equation (5). In the 
general case one cannot therefore rigorously predict whether 
there will be counteralignment or alignment, whereas vacuum 
waves will always lead to alignment. 

In the penultimate slow-down era, which is dominated by 
low-frequency waves this charge and the corotating (quadru- 
pole) charge of the magnetosphere will also radiate leading to a 
friction force on the particles in the magnetic field with non- 
vanishing curl. To compensate for this, the particles must drift 
across magnetic field lines producing a current which empties 
the magnetosphere. For the quadrupole radiation from the 
corotating magnetosphere we get for the time scale of the 
ensuing discharges some 10° pulsar periods and a much shorter 
time scale for the dipole radiation due to the charge given by 
equation (21). These discharges may be related to the nulling 
phenomenon and may give rise to slow-down noise*”® but not 
to any directly observable speed ups as the inertia involved is too 
small. The present model does not explain why pulsars turn off 
unless sparking ceases to be regular enough to allow an observer 
to detect the object as a pulsar, but even accretion may 
apparently influence the final era’! especially if the pulsar has 
become an aligned rotator by then. 

An attractive explanation is obtained, however, by combining 
the pulsar extinction hypothesis?" with the decay of the 
magnetic dipole moment’? which regulates the physics at the 
velocity-of-light cylinder. The observed cutoff period P= 45 
would then not mainly be a consequence of plasma inertia but 
rather reflect the time scale for ohmic dissipation in the pulsar’s 
crust which may vary considerably from pulsar to pulsar 
depending on its thermal history at birth. According to the 
present model such neutron stars will slow-down in the final era 
by quadrupole radiation (or plasma currents) on a time scale 
exceeding the age of the Universe and only if they traverse dense 
interstellar matter may they be slowed-down more effectively by 
accretion’. The y-ray transient** with a period of 8 s could in 
fact be such an old pulsar, whereas the y- ray source CG195,5+ 
4,5, if its periodicity of 59.35 s should be confirmed**, should 
rather not be identified with an old pulsar according to the 
present model, which predicts ultimate periods around 10 s for 
dead pulsars, instead of 60 s as deduced by Michel’? assuming 
that the dipole field does not decay. 

The final version of this paper was written at the Centro 
Brasileiro de Pesquisas Físicas, Rio de Janeiro, and I thank the 
CNPq for financial support, Professor Novello for hospitality 
and especially T. Gold for helpful discussion. 
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IR measurements of optically faint, flat spectrum radio sources 
have implied the possible existence of a new class of quasar, with 
IR excess more extreme than that of any extragalactic object. In 
the present preliminary study, 18 Parkes flat spectrum sources 
have been observed in the IR without regard to optical 
morphology, and the red sources are found to be just the tail of 
the normal distribution of quasar colours. The results imply that 
a considerable fraction of flat spectrum sources from complete 
samples may have properties similar to the BL Lac objects. 

Rieke et al.'? recently detected several objects at 2.2 um in 
optically blank fields of flat spectrum radio sources**, and 
derived such large IR/optical spectral indices (a =—d In flux 
density/d In frequency) ax, ~3 that they proposed a new class 
of quasar, because other properties of the objects indicated that 
they were similar to violently variable quasars, or BL Lac 
objects, They further noted that at the largest (faintest) blue 
magnitudes, ax, tended to be high, while at mg = 18, axg=l,a 
value typical for the optically bright quasars of Neugebauer et 
al®, The spectral index agg was calculated from measurements 
in the optical B band and the near-IR K band. To test the trend 
of a with mp, and to discover whether the red sources represent 
a new class of quasar, a sample of flat spectrum radio sources was 
observed in the IR without regard to optical identification. The 
candidates were selected from the list of 2.7-GHz sources of 
Condon et al. according to limits on spectral index (a < 
0.5, 2.7 — 5.0 GHz), flux density (S.;>0.5 Jy), RA (@h<a< 
15 h) and dec (~30° <6 < ~—4°), 
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Fig. 1 Optical /IR spectral index versus optical magnitude, show- 

ing Rieke er al's objects’? (O), the optically bright quasars of 

Neugebauer ef al? (x) and objects from the present study (@). 

Trajectories show the effect of 1 mag brightening at B between 
epoch of Palomar plates and IR measurements. 
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Fig.2 Plot of mean optical/IR spectral index against the residual 
axax. The deviation from the line agg = ag; bs a measure of 
the curvature of the spectrum (either intrinsic or due to variability). 


The IR observations were obtained with the Anglo—Austral- 
ian 3,9-m telescope on 2-3 May 1980 using theInSb Infrared 
Photometry System. All the observations were made with the 
broad band K(2.2 um) and J(1.25 um) filters. Standard stars 
from the AAO list were observed to calibrate the photometry. 
The data have been corrected for near-IR extinction at Siding 
Spring according to recently determined coefficients (G. 
Gilmore and I. N. Read, personal communication). The data 
have also been corrected for the effect of different flux dis- 
tributions on the broad band flux measurements. Only two of the 
sources lie at galactic latitude |b|< 30°, and they were corrected 
for galactic extinction. The minimum error in the J and K 
magnitudes was determined from the repeatability of standard 
observations during a night. In two nights, 21 sources were 
observed, with 20 detected at K and 18 detected at J. 

Table 1 shows the IR data, along with spectral indices cal- 
culated between J and K (ay;) and between the optical B band 
and K(axs). There are two major sources of error in these 
spectral indices; one is the effect of redshifted emission lines 
passing through the photometric bands. ax; may be affected, but 
over the long baseline from 2.2 um to the visible, agg is rela- 
tively insensitive to this effect“. The second is the fact that the 
optical magnitude is taken from Palomar plates, and variability 
might lead to errors in ayy. The photographic fluxes have an 
uncertainty of 0.5 mag (ref. 3). 

Figure 1 shows axs plotted against my, with the cluster of red, 
optically faint objects showing up clearly in the previous data. 
The 18 sources in our sample present a distribution of spectral 
indices covering the full range of a from 0 to 3. Very red sources 
are relatively common; four out of 18 lie in the top part of the 


Table 1 IR data and spectral indices between the J and K, and B and K bends 








K(2 2 wm) Flux  J(125um) Flux 


Source (mag) (mJy) (mag) (mJy) ay ars My 
0823-223 12.4740.03 6.79 14904003 1.76 2.25 15 17.5 
0919-260 1533+0,07 049 16.73+0.10 033 0.68 10 19.0 
1032—199 15 5840.10 0.39 1716+0.10 022 096 0.8 190 
1034-293 12 4840.03 6.69 144240.03 2.75 148 24 185 
1124-186 15.0140.04 066 17174009 022 185 09 18.5 
1128-047 15 3340.04 0.49 17134010 0.23 1.29 1.6 20.0 
1143-245 15.1440.04 0.58 16.29+0.05 0.49 029 08 185 
1145071 16594012 0.16 17944014 0.11 0.68 02 185 
1156~094  15,.03+010 065 15.42+0.02 109-085 0.3 17.5 
1203 ~ 261 18.3 (20) 003 19.5 (20) 002 0.32 —0.5 195 
1243-072 15.34+0.07 049 172820.10 020 151 10 19.0 
1244-255 1480+0.04 0.80 16324007 0.48 0.86 0.7 18.0 
1256-220 1642+011 0.18 18.6 (40) 005 2.12 0.9 200 
1302102 12.8840,03 471 1426+0.03 317 066 0.6 16.0 
1335~127 1143+003 17.64 13454003 6.72 161 30 18.5 
1352-104 1536+003 049 1677+0.10 0.31 075 0.1 175 
1354-152 15,23+008 0.54 1686+008 029 1.03 07 18.5 
1406-076  16.3740.11 0.19 18.2840.16 008 146 06 19.5 
1511-100 >18.8 <0.02 _ _ ~ — 185 
1519-273 179 Ge) 005 — — _ — 18.5 


range of spectral indices for BL Lac objects and two are as red as 
any of those found by Rieke and Lebofaky'. The data fill in the 
distribution of very red objects at brighter optical magnitudes, 
and shows that the trend of ags with mp is a selection effect. 

Figure 1 shows that much of the argument rests on the axs 
indices of the two reddest objects (1335 — 127 and 1034 ~ 293), 
which may be affected by variability. However, there are reasons 
to believe that these points dre not spurious. First, direct obser- 
vations on the AAT TV acquisition system confirmed that 
neither of the objects had varied by more than a magnitude from 
the epoch of the Palomar plates. The effect of 1 mag variability 
in B is shown as a trajectory in Fig. 1 both for 1335-127 from 
the present study and for the reddest object trom refs 1, 2. While 
anomalous brightness at B would bring the two red objects down 
towards the bulk of the distribution, the same is true of the 
original red objects. As both sets of ax, were calculated in the 
same way, the results are directly compareble. Second, there is 
no evidence from the cotemporancous J snd K measurements 
that these objects are abnormal. Figure 2 shows the mean 
spectral slope @ plotted against the difference (axs ~ axs), Where 
the steep spectrum sources lie at the top of the graph. Rieke et 
al.'* noted that a roughly constant spectral index satisfied both 
their J, K and optical fluxes; this is represented by the line 
Oxy © Og, in Fig. 2. Figure 2 also shows that the objects with 
large oxy do not have abnormally large residuals Aq, and are not 





Fig. 3 Plot of radio/IR and radio/optical spectral indices. The 

dispersions in agg and apy are a measure of the relative IR and 

optical flux vanations of the sample, Typical error bars are shown 
1n the top left corner. 


segregated from the main body of the distribution. While there is 
not a 1:1 correspondence between steep cx, and steep ax, the 
four reddest objects in ag, are among the eight reddest objects 
in ax;. The means and dispersions of both spectral index dis- 
tributions are similar (yg = 1.05 +0.72, dxy=0.92+0.79). 
There is no evidence from either the optical or IR data that the 
red (agp) objects are other than the tail of the normal dis- 
tribution of quasar colours. Objects which resemble BL Lac 
objects in their IR properties are relatively common. The four 
reddest sources are particularly interesting because (unlike the 
original ‘red’ sources) they are bright enough for follow-up 
spectroscopy and polarimetry. The reddest object (1335 — 127) 
has recently been confirmed as a BL Lac object. Our 2.2-um 
measurements with the UK Infrared Telescope show it to have 
varied by a magnitude over one year, and radio observations by 
Aller et al.” show it to have variable linear polarization at 
frequencies from 4.8 to 14.5 GHz In addition, the second 
reddest object (1034—293) shows evidence of variability 
(Am, > 1 mag) from UK Schmidt plates of the area, another 
indication that it is a BL Lac-type object. 

Even for this relatively small sample it is possible tò draw 
conclusions on the IR properties of flat spectrum radio sources, 
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Fig. 4 Plot of near IR and optical/IR spectral indices with 

permitted zones from a two-component model. The error bars on 

the lowest point show the effect of a variation of +} mag in B and 
typical 5% precision on the J and K flux measurements. 


and compare them with the optical properties. Selection effects 
will not be important because the radio sample was completely 
identified optically, and with one exception was completely 
identified at 2.2 um. Figure 3 shows agg plotted against agp, 
where the spectral index is calculated between the 2.7 GHz 
measurement and the K and B data points. The range of radio 
fluxes is less than a factor of 3, while the range of IR fluxes is 
> 500, thus the graph allows a comparison of the range of IR and 
optical fluxes in the sample. The mean spectral indices are 
Örk = 0.69 and äre = 0.71, both very near to the canonical value 
for optically thin non-thermal radio sources. There is no 
significant difference between the range of IR and optical fluxes 
(o(agx) = 0.15, o (ars) = 0.08 and taking the relative standard 
error in the variance of n variates to be 1.4 (n ~1)7"”") and the 
even distribution of the very red objects on the agg axis is a 
confirmation of the fact that they do not tend to be optically 
faint. The objects of Rieke et al? do not come from a separate 
population at better than the 1.50 level; removing the lower 
four objects only reduces o(apgx) by 0.03 to 0.12. 

To see if a simple picture accounts for the range of optical/IR 
spectra, the energy distribution of a giant elliptical® was added to 
a power law spectrum of slope a which flattened off (a =) at 
some wavelength A,, (the knee). Figure 4 shows the data plotted 
ona two-colour diagram of axs/ axı. The extreme red objects lie 
at large values of ax. As the knee wavelength travels across the 
spectrum, the source traces a trajectory in the two-colour plane. 
As the proportion of non-thermal to thermal components is 
varied, the trajectory sweeps out an area on the diagram. The 
right-hand boundary represents the extreme non-thermal case 
of Soar/ Snr = 0.01, where Scat is the peak flux of the elliptical 
galaxy and Syr is the flux at the point where the power law 
flattens. As the flux contribution of the elliptical increases, the 
trajectory sweeps across to smaller values of axs and ax; and 
the left-hand boundary of the enclosed area shows the case 
where Sca_/Swr= 10 and the spectrum is dominated by stellar 
flux. The redshift distribution of flat spectrum radio samples is 
expected to peak around z ~ 1 (ref. 9), and Fig. 4 shows the case 
for z = 0 and z = 1. Given the luminosity of a giant elliptical, the 
flat spectrum sources would be expected to populate the non- 
thermal (Scgai/Swr< 1) portion of the z = 1 area and the ther- 
mal (Sga:/Swr> 1) part of the z = 0 area. Finally the areas have 
been plotted for two values of a; a = 2.0 and a =2.5 are the 
solid and dashed curves respectively. 

Most of the data points lie well within the area described by 
the model; the a = 2.5 case covering 16 of the 19 sources. Some 
of the scatter of the data in ax; will be caused by emission lines 


(especially Ha passing through the J band) and some of the 
scatter in ax, may be caused by variability and the non- 
simultaneity of the optical and IR flux measurements, However, 
the agreement is surprisingly good given the simple assump- 
tions. A range of a from 2 to 3 is sufficient to cover even the most 
extreme sources. The assumption that a =0 for A>A, is not 
critical. Observations at longer wavelength will help confirm this 
picture. 

We thank the AAO staff for helpful support. C.D.I. acknow- 
ledges the receipt of an SRC studentship. 
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Interest in oscillating chemical reactions arises because these 
systems serve as models of temporal organization in biological 
systems, as starting points for the development of spatial struc- 
ture in initially homogeneous systems and as instructive exam- 
ples of the wide variety of dynamic phenomena possible in 
chemical systems far from equilibrium. One obstacle to the 
development of a general theory of chemical oscillation has been 
the small number of fundamentally distinct homogeneous oscil- 
lators and the failure of efforts to design new oscillating reac- 
tions. We recently suggested a systematic approach to the 
construction of chemical oscillators and used it to produce a 
homogeneous oscillating reaction: the chlorite-iodate—arsenite 
oscillator’. We now report that the above system is the proto- 
type of a family of homogeneous oscillators, all of whose 
members have the species chlorite and iodate in common, but 
which can utilize a wide variety of reducing agents or substrates 
in place of arsenite. 

Figure 1 shows the time dependence of the potentials of an 
iodide-selective and a platinum redox electrode and of the 
absorbance at 460 nm when one-electron (ferrocyanide) and 
two-electron (thiosulphate) reductants react with NaClO, and 
KIO, in the same experimental conditions in a continuous flow 
stirred tank reactor (CSTR). The CSTR maintains the system far 
from equilibrium, which is a necessary condition for sustained 
oscillation. 

Table 1 gives the concentration range in which oscillations 
have been found for each of our substrates. Optimum concen- 
trations, at whichparge amplitude oscillations are observed over 
a wide range of flow rates (80-2,000 s residence time), are also 
indicated. While the waveform and frequency of oscillation vary 
with the flow rate and with the nature and concentration of the 
substrate, relative changes in [17] of 10° or more in each cycle 
were obtained with all substrates. At the upper and lower ends 
of the substrate concentration range, oscillatory behaviour is 
observed only at relatively high or low flow rates, respectively. 
Above or below these concentration limits, only a single non- 
oscillatory steady state of high or low iodide and iodine concen- 
trations can be observed. The transition from large amplitude 


* Permanent addresses: Institute of Inorganic and Analytical Chemistry, L. Eötvös University, 
H-1443, Budapest, Hungary (M.0.}, Centre de Recherche Paul Pascal, Domaine Uni- 
versitaire, 7705 Tacce Cedex, France (P. De K.). 
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Fig. 1 a, Optical density at 460 nm, potential (compared with 
Hg/Hg2SO, reference electrode) of platinum electrode, and [T ] 
determined by iodide sensitive electrode in a CSTR with input 
composition (concentrations in the reactor after mixing, but before 
initiation of reaction), [NaClO,]) = 0.002 M, [KIO3},=0.01 M, 
{K4(Fe(CN)s) lo = 0.005 M. Temperature, 25°C; pH, 2.06; resi- 
dence time, 310s. b, As in a but with ferrocyanide substrate 
replaced by thiosulphate, [Na2S7O3]o = 0.005 M, and pH = 2.40, 
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oscillation to steady state as the substrate concentration is varied 
may occur either suddenly and directly or through a state of 
small amplitude oscillation about the steady state which is being 
approached, 

Substrates which generate oscillations include both one- and 
two-electron reductants and cover a considerable range of redox 
potentials (see Table 1). Their common feature is apparently 
that they participate in a Landolt-like reaction’. 


(6/n) red +103 = (6/n) ox4+ (p) 


qere red and ox signify the reduced and oxidized form of the 
substrate, and n = 1 or 2 according to whether the substrate is a 
one or two electron reducing agent. Reaction (1) is autocatalytic 
in iodide’. The iodide produced then reacts with chlorite to yield 
iodine: 


41° + ClO; +4H = 21,+Cl +2H;0 (2) 


Reaction (2) is autocatalytic in I, and is inhibited by T {refs 4,5). 
The chlorite~iodide system gives rise to two different stable 
steady states ina CSTRĆ. The observed oscillation. in the present 
reaction may then arise from the effect of the relatively slow 
substrate-generated feedback of iodide on the faster and intrin- 
sically bistable chlorite-iodide subsystem. This view is based on 
a simple model of the relationship between oscillation and 
bistability due to Boissonade and De Kepper’. 

Arsenite reacts less rapidly with iodate than do the other 
substrates in Table 1. Oscillation with arsenite as substrate must 
be initiated by the injection of a small amount of iodide into the 
reactor, while with the other substrates, oscillation begins spon- 
taneously. These observations suggest that initiation of oscil- 
lations requires the production of a quantity of iodide above 
some threshold level. 

Neither malonic acid nor iodide as substrate will produce 
oscillations in our conditions. Malonic acid reacts with iodate to 
form iodine, which slowly reacts with the excess substrate to 
yield iodomalonic acid and iodide. The stoichiometry of this 
process is such that only half as much I” is produced with 
malonic acid as with the other substrates, and apparently an 
additional iodide flow is needed to produce oscillation. 

The wide range of substrates examined allows us to infer 
several criteria for a substrate to generate oscillation in this 
system. The redox potential of the substrate, in the reaction 
conditions, should be less than that of the iodine-iodide-couple 
(0.62 Viref. 8)). For example, ferrous ion, hydroquinone and 
hydrogen peroxide, which react with iodate to yield I, have 
redox potentials of 0.77, 0.70 and 0.68 V respectively, and 
hence do not give oscillation. 

The essential kinetic requirement seems to be an appropriate 
rate of iodide production either by the direct iodate~substrate 
reaction or by the subsequent reaction of iodine generated in the 
initial step with the remaining substrate. If the substrate 
produces iodide too slowly, then the Dushman reaction (03 + 
51° +6H*  31,+3H,O) prevents iodide from accumulating to 
the point at which the autocatalytic reaction (2) with chlorite can 
generate a burst of I, to start the oscillation, Thus vanadium (11) 





Table 1 Characteristics of substrates which give oscillation with [TO] = 0.01 M, 
[COZ] = 0.002 M 





Redox Concentration Optimal 
potential* range concentration 
Substrate (Vv) iM) iM} pH 
H,AsO,¢ 0.56 0.0024—0.009 0.0075 2.06 
Ascorbic acid 0.394 0.010-0.020 O.010 2.238 
K,[Fe(CN),] 0.35 0.0025~-0.010 0.005 2.06 
Na,SO, 0.17 0.005-0.015 0.010 2.06 
Na,S$,0, 0.08 0.001-0,0125 6.005 2.40) 
CHO- HSO,Na — 0.0025-0,0075 0.003 2.06 


Malonic Acid +KI§ ~= 0.006-9.16 0.033 2.06 





* Ref. 8; t ref. 9. 

+ Iodide initiation (~10°* M) is necessary to start oscillation. 
§ No oscillation appears at pH = 2.06. 

{ Sulphur precipitates at pH = 2.06. 

€ Iodide concentration was kept at 0.0033.M. 
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has a suitable redox potential (E° = 0.34 V), but gives rise only 
to a stable steady state with low [T]. Other non-oscillatory 
substrates which we have tested, such as hydrazine and 
hydroxylamine, seem to yield iodide too rapidly, thereby 
inhibiting reaction (2) and forcing the system into a steady state 
of high iodide concentration. Stannous ion, which seems to 
satisfy both our redox potential and kinetic criteria, does not 
give oscillation because the formation of the slightly soluble SnI, 
places a relatively low limit on the iodide concentration that can 
be attained in the reactor. Substrates which, for kinetic reasons, 
do not give oscillations in the present conditions, may prove 
oscillatory in different conditions. 


Further studies under way in this laboratory on the detailed - 


mechanism of these systems will hopefully reveal more about 
the role of the substrate in the family of chlorite-iodate-sub- 
strate oscillators. 

This work was supported by grant CHE 79-05911 from the 
NSF. 


Received 6 April; accepted 22 June 1981, 


. De Kepper, P., Epstein, I. R. & Kustin, K. J, Am. chem. Soc, 103, 2133-2134 (1981). 

. Bognár, J. & Sárosi, $. Analyt, chim. Acta 29, 406-411 (1963), 

Eggert, J. & Scharnow, B. Z. Electrochem. 27, 455-470 (1927), 

Kern, D. M. & Kim, C.-H. J. Am, chem. Soc. 87, 5309-5313 (1965). 

de Meeus, J. & Sigalla, J. J. chim. Phys, 63, 453-459 (1966). 

Dateo, C., Orban, M., DeKepper, P. & Epstein, 1. R. J. Am. chem. Sac. (in the press). 

. Boissonade, J, & De Kepper, P. J. phys. Chem. 84, 801-506 (1980), 

. Latimer, W. M. Oxidation Potentials 2nd edn (Prentice Hall, Englewood Cliffs, 1964), 

. Clark, W. M. Oxidation-~Reduction Potential of Organic Systems, 470 (Williams and Wilkins, 
Baltimore, 1960). 


PEI EE EE 





Crystal structure of 
tetrapropylammonium fluoride-silicalite 


G. D. Price, J. J. Pluth, J. V. Smith & T. Araki 


Department of the Geophysical Sciences, University of Chicago, 
Chicago, Ilinois 60637, USA 


J. M. Bennett 
Union Carbide Corporation, Tarrytown, New York 10591, USA 





The hydrophobic and organophilic nature’ of silicalite may 
prove commercially important for the removal of organic 
compounds from waste water. The framework linkage of sili- 
calite’ is topologically the same as that of synthetic zeolite 
ZSM-5 (ref. 2), a shape-selective catalyst’ capable of converting 
methanol into water and hydrocarbons useful in automobile 
engines*. The tetrapropylammonium (TPA) fluoride (F)- 
containing precursor to fluoride-silicate* crystallizes from a 
hydrothermal system containing silica, TPA* and F` ions. 
Destruction of the organic cation during heating in air gives 
fluoride-silicalite, a polymorph of silica with some properties 
similar to those of silicalite’*, We show here how a TPAF 
complex in the precursor lies at the tetrahedral intersection of 
the 10-ring channels of a silica framework in a position consis- 
tent with a template scheme for crystallization’. There is not 
enough space to permit replacement of TPA by the tetra-n- 
butyl ammonium complex used in the synthesis of ZSM-11 (ref. 
7) and its silica counterpart, silicalite-2 (ref. 8) 

Crystals of the precursor are interpenetrant twins elongated 
along the c-axis (180 x 50 x50 um). The twin boundaries are 
{(110)} and the twin law is 90° rotation about [001]. Single- 
crystal X-ray and optical studies yielded monoclinic symmetry 
(a, 20.04; b, 19.92; c, 13.39 A; B ~ 90°). Because of the near- 
equivalence of the a and b axial lengths, the twinning causes 
near-superposition of Ak! and khi diffractions. The intensities of 
over 12,000 diffractions, each an Akl, khl pair, were measured 
over one quadrant of reciprocal space (MoKa radiation) using a 
four-circle diffractometer. In spite of the optically monoclinic 
symmetry, the intensities are consistent with orthorhombic 
space group Pnma used for the refinement of silicalite’. The 
following structure description uses this space group and an 





orthorhombic cell with the above cell dimensions. Averaged 
intensities for 1,645 unique diffractions with Fos. > 2¢ allowed 
refinement of the silica framework to R = 0.10 with a special 
least-squares program TWXLLS. The combined intensity of 
pl(khl)+(1— p)I(Akl) for a pseudo-tetragonal twin was split 
into the individual intensities J (Akl) and I(kAl) for the pseudo- 
orthorhombic structure where the fractional volume p of one 
twin component was refined from all the intensities. A 
difference-Fourier synthesis revealed one organic complex at 
each of the four intersections of the 10-ring channels (Fig. 1), 
corresponding to a unit cell composition of 4 TPAF.96 SiO,. 
Least-squares refinement yielded R =0.07 and the atomic 
coordinates in Table 1. The coordinates of the silica framework 
are similar to those for silicalite’. Because of the restricted data 
set and some disorder of the TPAF complex, individual isotropic 
displacement factors were used for the framework atoms and a 
single displacement factor for the TPAF. No significant electron 
density was found in a difference-Fourier map based on the 
coordinates of Table 1. 

The silica framework has a mean Si-O bond length of 1.60 A 
(o 0.04) and a range of Si-O-Si angles of 136-178° about a 





Table 1 Atomic coordinates for the fluoride silicalite precursor 





Atom x y z 
Si(1) 0.1213 0.3255 0.9729 
Si(2) 0.2741 0.3252 0.9712 
$i(3) 0.0768 0.4410 0.8364 
Si(4) 0.0712 0.3692 0.1828 
Si(5) 0.3144 0.4403 0.8319 
Si(6) 0.3080 0.3711 0.1879 
Si(7) 0.0733 0.5271 0.1868 
$i(8) 0.3080 0.5296 0.1926 
Si(9) 0.3127 0.6736 0.8214 
Si(10) 0.2799 0.5600 0.9709 
Si(11) 0.1227 0.5635 0.9716 
$i(12) 0.0762 0.6712 0.8279 
O(1) 0.1137 0.2500 0.9287 
O(2) 0.1957 0.3464 0.9619 
0(3) 0.0825 0.3711 0.8876 
o(4) 0.0933 0.3374 0.0843 
O(5) 0.2915 0.2500 0.9450 
O16) 0.3155 0.3704 0.8917 
O(7) 0.3095 0.3496 0.0732 
O18) 0.9955 0.5423 0.2139 
O19) 0.3702 0.5543 0.2460 
O(10) 0.0865 0.5019 0.9174 
O11) 0.0817 0.4514 0.1766 
O(12) 0.1150 0.3392 0.2656 
O13) 0.9973 0.3471 0.2054 
O(14) 0.3856 0.4432 0.7808 
0(15) 0.2564 0.4359 0.7459 
O(16) 0.2940 0.4977 0.9096 
O(17) 0.3090 0.4481 0.1925 
O18) 0.2547 0.6501 0.7496 
O19) 0.3749 0.3396 0.2391 
O(20) 0.0986 0.5612 0.0853 
O(21) 0.3070 0.5618 0.0839 
O(22) 0.3029 0.7500 0.8487 
Q(23) 0.3128 0.6299 0.9202 
0(24) 0.2036 0.5608 0.9696 
O(25) 0.0990 0.6324 0.9269 
O(26) 0.0724 0.7500 0.8610 
N 0.4478 0.7500 0.1036 
ca) 0.5347 0.7500 0.1373 
C(2) 0.5791 0.7500 0.2595 
C(3) 0.6115 0.7500 0.3780 
c(4) 0.3583 0.7500 0.1430 
C(5) 0.3217 0.7500 0.1792 
C(6) 0.2586 0.7500 0.1921 
C(7) 0.4821 0.6487 0.0649 
C(8) 0.5067 0.6454 0.9911 
C(9) 0.5023 0.5688 0.9842 
F 0.5059 0.7500 0.9366 


Standard deviations for Si, O and non-framework atoms are ~0.0006, 
0.001 and 0.005 respectively. 
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Fig.1 Stereoview of TPA-F complex 

and adjacent atoms from the silica 

framework. ORTEP plot with spheres 
at 20% probability level. 


mean of 153.6° (a 11.4). A negative correlation between Si-O 
bond lengths arid secant (Si-O-Si) for the 4-coordinated silica 
polymorphs’° was interpreted in terms of overlap of molecular 
orbitals. The present structure shows a similar relationship with 
slope 0.13 (correlation coefficient 0.6), close to that predicted 
theoretically for a silica cluster in Fig. 8a of ref. 11. 

The tetrahedral configuration of the four propyl limbs of the 
TPA ion and the close coordination of the fluoride to the central 
nitrogen at 2.52.A and four carbons all at 2.21 A is physically 
reasonable and resembles that in the crystal structure of TPA- 
bromide’. Two propyl limbs partly enwrap the fluorine, and a 
fifth carbon atom from a third limb lies at 2.75 A to the fluorine 
atom. Because hydrogen bonds involving F” span a range’? of 
2.3-2.8 A which almost encompasses the above distances, the 
fluoride ion is probably held in place by hydrogen bonding. 

The neat fit between the TPAF complex and the internal 
surface of the silica framework is consistent with a template 
mechanism for crystallization®. Furthermore, the end carbon 
atom of each propyl limb lies at 2.8-3.1 A to the end carbon 
atom of the propyl limb from the next TPAF complex, and there 
would not be enough space for a butyl limb. Although there are 
no published atomic coordinates for the structures of ZSM-11 
(ref. 7) or its silica counterpart, silicalite-2 (ref. 8) which can be 
synthesized from tetra-n-butylammonium-containing systems, 
models with plausible geometry show that the channel inter- 
sections are larger than for the ZSM-5 and silicalite type of 
linkage, and in particular are large enough for a butyl-bearing 
complex. Knowledge of the structural interactions between 
tetrahedral frameworks and occluded complexes should prove 
useful in designing conditions for crystallization of useful shape- 
selective catalysts. 

Further data are being collected to increase the precision of 
the atomic coordinates. The cause of the monoclinic symmetry is 
also being investigated. The present study has indirect impli- 
cations for various inorganic—organic complexes, including ones 
involving clays'* and biologically important compounds. 

We thank R. L. Patton for providing the crystal. We thank 
NSF for grant CHE 78-26579, and R. Draus and I. Baltuska for 
technical assistance. T. A. thanks P. B. Moore for NSF grant 
EAR 19483. X-ray facilities are partly supported by the 
Materials Research Laboratory (NSF). 
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Reports of triboluminescent phenomena in organic crystalline 
materials’? prompted us to look for related processes in clay 
minerals. We found the reported extensive mechanical dis- 
tortion produced on freezing and drying of montmorillonite’ 
particularly interesting because of our studies of condensation 
reactions in a wet/dry cycled reaction sequence*”. We now 
report the discovery of an unusual luminescent process in 
several clay minerals and describe its characteristics. 

We have found that blue to near UV photons are emitted 
when a thin layer of an aqueous suspension of certain clays is 
dried over a desiccant or by gentle heating to 85°C (ref. 7). 
Figure la-c shows typical examples of three distinctive patterns 
of photon release as a function of time. The patterns are: (a 
delayed burst, (2) a delayed rise to a slowly decaying plateau and 
(3) asimple monotonic (exponential-like) decay from the time of 
introduction of the desiccant. 

Kaolinites show an initial monotonically decaying emission of 
photons followed, some minutes to hours later, by the delayed 
burst. Two examples are shown in Fig. la, Fisher kaolinite and 
Mesa Alta rock, ground in a mortar and pestle a few days before 
sample preparation. A similar pattern of emission was observed 
from all other kaolinites examined; Peerless no. 2: kaolin no. 53 
from Birch Pit, Macon, Georgia, and kaolin no. 17 from Lewis- 
town, Missouri. The photon yield and relative proportion of 
monotonic to delayed emission varied from kaolinite to kaolin- 
ite. The time of onset of the burst is increased by a thicker film. 
The light is released when the average moisture content 
approaches 40% H,O. The significance of this moisture content 
with respect to water content at the drying front is uncertain, but 
the average range is within the quoted range for the adsorption 
and long-range ordering of water by kaolin". Multiple peaks are 
frequently observed, especially in the non-commercial kaolin- 
ites; the peaks seem to be largely, but not fully, explained as 
experimental artefacts resulting from non-uniformity in the 
thickness of the clay film and the size of the particles. 

The amount of light released on dehydration is an approxi- 
mately linear function of the amount of kaolin, up to a film 
thickness of ~10 um (as calculated from the dry weight of 
kaolin, the exposed surface area of the emitting film. and its 
estimated density), after which self-absorption and scattering 
produce a gradual saturation’. Light release can be regenerated. _ 
by repeated cycles of wetting and drying, up to at least four 
cycles, or until deterioration of the clay film prevents further 
trials. é Es 
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Emission from three hailoysites is shown in Fig. 1b. Bedford 
shows weak emission and Wagon Wheel shows a pattern similar 
to that of the kaolinites, but with considerably reduced photon 
yield. Dragon Iron, however, gives a third characteristic mode of 
emission: the customary initial monotonic decay is followed by a 
relatively rapid rise to a slowly diminishing plateau. All three 
halloysites are colourless, relative to the 2: 1-layer clays. 

Of several 2:1-layered clays examined, none has shown a 
delayed peak. For example, montmorillonites, illites and a mica 
show stronger monotonic components of emission than kaolin- 
ites, but no delayed burst. This general form of emission is also 
characteristic of the attapulgites examined, an example of which 
is shown in Fig. 1c. These clays are more highly coloured than 
the kaolins; therefore, absence of the delayed burst may be 
attributable to reabsorption depending on the spectral proper- 
ties of the different components of the emitted light. However, 
as the monotonic component is commonly enhanced relative to 
that in the kaolins, it is reasonable to assume that the differences 
also imply structurally dependent differences in the modes of 
emissive relaxation of the materials. 

The relative proportion of light emitted as the delayed and as 
the monotonic components is a sensitive function of a variety of 
treatments and clay sources. The monotonic component is 
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Fig. 1 Dehydration-induced luminescence of several clays. a, 
——~, Kaolin no. 9 from Mesa Alta, New Mexico, Wards 
48 W 0290 and background (Vial+Drierite) for same—upper 
timescale (note scale change after 300 min); — ~~, kaolin, Fisher lot 
no. 753828 and background (Vial + Drierite) for same—lower time 
scale after scale change at 110 min. b, ~~, Halloysite no. 13, 
Dragon Iron Mine, Eureka, Utah; ~- ~, halloysite no. 29, Wagon 
Wheel Gap, Colorado; - - - -, halloysite no. 12 48 W 0120, Bedford 
(Huron), Indiana, North Gardner Mine; — --—~-, Vial and desic- 
cant background. (The curves for Bedford and Wagon Wheel 
halloysites have been displaced upwards slightly, for clarity of 
presentation. The return to hackground is actually within 
100 c.p.m.) c,—-, Attapulgite of unknown origin; ~~~, empty 
tube and tube + drying agent. Luminescence from a clay-water 
paste (1: 1-1:3) was measured as a function of desiccation over 
CaSO, or silica gel. The photon output, integrated over the spec- 
tral sensitivity of the EMI 9635 QB Phototube (maximum sensi- 
tivity at 3,700 A), was measured in a Packard 3320 Tri-Carb liquid 
scintillation counter in the anticoincidence mode with a 50-1,000 
window on the discriminators and full gain, Photon output was 
displayed on a Davidson model 10565 B multichannel analyser. 
The paste was applied uniformly around the interior of Pyrex 
scintillation vials, which were scrupulously cleaned in boiling nitric 
acid and rinsed repeatedly with triply distilled water, air-dried and 
stored, with their caps, in the dark. Vials were wiped with a damp 
towel before counting to reduce spurious count-rate from static 
electricity. Common photon counting artefacts, such as lumines- 
cence from the vial, the vial cap or the desiccant, lack of tempera- 
ture equilibration, and heat release from the wetted desiccant, are 
negligible after the first 10-30 min, as is clear from the accom- 
panying backgrounds of empty vial and empty vial plus Drierite, 
and the following three controls. (1) The integrated count rate from 
the cooling of hot (70 °C) water to the temperature of the counter 
(10°C) was 300 counts per g HO. (2) The integrated count rate 
from the addition of water to Drierite was 40 counts per mg H,O. 
The clay samples typically contained 30-200 mg of clay and thus 
60-400 mg H,O. Typical peaks had an integrated count of 10° 
counts. (3) No appreciable activity is seen from pastes contained in 
vials that have been painted black. 


increased by orders of magnitude by prior y- ray irradiation and 
grinding. In freshly ground samples, it is increased severalfold by 
a 10-min sonication of the clay/water paste immediately before 
application. Sonication may simply produce a paste of more 
uniform particle size by increased dispersion of the larger parti- 
cles, rather than cause an electronic excitation, but the grinding 
effect is definitely of triboluminescent origin; this will be repor- 
ted elsewhere’. 

An important feature of the delayed peak, with respect to its 
potential relationship to clay structure—reactivity correlations, is 
its dependence on the thermal history of the clay. Figure 2 shows 
the total photon output in the delayed peak after preheating to 
different temperatures. Heating to temperatures above 500 K 
temporarily destroys the luminescent effect. Samples of Fisher 
kaolin preheated to 650 and 1,000 K were remeasured after 6 
months, with considerable restoration of the delayed peak in the 
650K sample, but none in the 1,000K sample. Heating to 
650K for 1h would not be expected to dehydrate kaolinite 
irreversibly, but similar heating to 1,000K would probably 
result in considerable irreversible dehydration”. Preheating 
results in diminution of luminescence induced by both dehy- 
dration and grinding. Preliminary results suggest that destruc- 
tion by preheating, and restoration by y-ray irradiation, of the 
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capacity of the material to produce delayed luminescence may 
resemble similar destruction and restoration of centres active in 
electron spin resonance which have been identified in natural 
and doped synthetic kaolins"’ 

Because of the low overall emissivity of the highly iso- 
morphously ‘substituted 2:1-layer clays and the intermediate 
emissivity of halloysites relative to kaolinites, we tentatively 
associate differences in the luminescent yield with those struc- 
tural parameters that affect the relative magnitude of clay 
platelet-water and clay platelet-clay platelet attractions such as 
geometry of platelet stacking or isomorphous substitution. 
Verification of this hypothesis will rest on detailed study of the 
relationship between the rate of water loss and photon yield as a 
function of time in additional specially characterized and 
purified clays, as clays are notable Scavengers, adsorbing and 
occluding a variety of organic and inorganic materials. 

Similar measurements of luminescence have been made on 
several other naturally occurring, commercially available 
inorganic compounds such as: TiO,, a common contaminant of 
kaolin; Al,O, and SiO,; the chemical constituents of the layered 
silicates under investigation; hydroxyapatite, a substance with 
similar high positive-charge deficiency in the crystal lattice; and 
CaCO,, with its characteristic complex thermoluminescent 
behaviour'*""*, which we have shown to be more active than 
kaolin in producing glycine condensation in prebiotic simulation 
experiments’. These materials exhibited no delayed burst and 
considerable reduction in the monotonically decaying 
component of light emission. However, calcite, prepared for the 
measurements by grinding, shows the exponential-like 
behaviour. Solid material remaining after a 1-week digestion of 
Fisher kaolin in concentrated HCI showed multiple delayed 
photon-emission bursts of three-to six fold diminished overall 
intensity (not shown). 

Much work remains in characterizing the spectroscopic prop- 
erties of the effect—its wavelength dependence, the photon 
yield, the temperature dependence of the light output, molecu- 
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Fig. 2 Effects of preannealing on photon output from kaolin. 
Samples were heated by placing in a Thermolyne CPS-A8720 oven 
with a Dubuque III solid-state temperature controller, equili- 
brated to the nominal temperature, where they were held for ~1 h. 
Cooling was facilitated by partial opening of the oven door. 
Samples were removed when the temperature had dropped to 
below 500 K. The dashed line indicates uncertainty as to whether 
the apparent rise from room temperature to 500 K is real or an 
experimental uncertainty. 








lar or atomic details of the trapping site or sites, mechanisms of 
trap population and energy release, and the relationship 
between monotonic and delayed emission. 

Preliminary studies of the ability of preheated kaolin to 
produce peptide bonds under the fluctuating reaction protocol 
indicate an anti correlation between capacity to produce light 
and capacity to produce peptide bonds; luminescence may well 
represent wastage of chemically useful energy. Establishment of 
a relationship between stored electronic energy and the ability 
of clays to promote chemical reactions would be important to 
clay chemistry, not only with respect to catalysis in laboratory 
systems, but also to chemistry in present and past natural 
environments. 

We thank H. Nishita for providing clay samples and for 
continued interest in the research. L.M.C. acknowledges a 
Senior NRC Research Associateship. Helpful suggestions in 
preparing the manuscript were made by Ruth Mack, $. Mead, $. 
Chang and Neal Blair. 
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(100) Deformation twins 
in naturally deformed amphiboles 
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The occurrence of growth twins with (100) as a composition 
plane has been well established in clinoamphiboles, but no 
evidence has been presented that (100) twins may form by 
natural deformation. We now report that in naturally deformed 
hornblende crystals, selected from an amphibolite mylonite in 
the Central Scandinavian Caledonides, lamellar (100) defor- 
mation twins have been identified using optical and transmission 
electron microscopy (TEM). The lamellar twins are present 
within highly bent and kinked parts of the hornblende crystals. 
Selected area diffraction patterns show that twin. and matrix 
domains are related by a 180° rotation about a*. Additional 
defects associated with the (100) planes are unit dislocations 
with 5 =[001] and stacking faults bounded by partial dis- 
locations. The identification of (100) mechanical twins in 
clinoamphiboles illustrates the similarity in mechanical twinning 
behaviour of clinoamphibole and the related clinopyroxene 
structure. 

Deformation experiments on. single crystals of clinoam- 
phibole have been described elsewhere’. The dominant mode 
of deformation in these experiments is mechanical twinning on 
(101) in the C2/m setting of the unit cell. Natural occurrences of 
(101) deformation twins. are rare, having only been reported 
from shock-loaded rocks"® and in extremely deformed amphi- 
bole gabbro from the Ivrea-Verbano Zone in the Alps"... 

The absence of mechanical (oo twins has not bee under 
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Fig. 1 Bending of a hornblende crystal is accompanied by 
numerous (100) deformation twins. Amphibolite mylonite 
Kittelfjäll, Crossed polarized light. Scale bar, 0.1 mm. 


(001) plane in clinopyroxene (C2/c) is structurally related to the 
(101) plane in clinoamphibole (C2/m). In naturally and 
experimentally deformed clinopyroxene thin lamellar (100) 
twins are common. There has been no proof that mechanical 
(100) twins are present in naturally deformed amphibole, 
although Kirby and Christie’ have suggested that (100) poly- 
synthetic twins in natural amphiboles may be mechanical in 
origin. On the other hand, Dolinger and Blacic'* concluded that 
(100) [001] slip operates during kinking of hornblendes in 
experimentally deformed igneous hornblendite and they suggest 
that (100) [001] slip prevents the occurrence of (100) twinning as 
it is activated at a lower critical resolved shear stress. 

The material described here was selected from a mylonite 
zone in the basal part of the Kittelfjäll amphibolite massif" in 
the Central Scandinavian Caledonides. The mylonite zone 
separates the Kittelfjall amphibolite from the underlying 
Kittelfjäll peridotite'®. Both lithological units are part of the 
Seve Nappe, one of the major nappe structures in the Scan- 
dinavian Caledonides'’. The mylonite zone formed during the 
late stages of the Caledonian deformation history at a lower 
greenschist facies metamorphic regime at intermediate pres- 
sures. 

Several rock types are present within the mylonite zone, but 
amphibolites are dominant. In thin section the individual 
amphiboles are often fractured, bent or kinked, showing 
numerous lamellar features. The presence of lamellae within the 
individual crystals is consistently associated with the bent and 
kinked domains and their number increases towards the more 
intensely deformed areas (Fig. 1). Based on these observations 
it was concluded that the lamellae are related to deformation. 

Using the optical microscope the crystallographic orientation 
of the lamellae was shown to be parallel with (100). In sections 





Fig. 2 Selected area diffraction patterns showing the simple 
pattern of an area from a matrix domain (left) and the complex 
pattern of an area across the twin interface (right), The extra spots 
originate from the spots in the left hand pattern by a 180° rotation 
about a*. The trace of the twin interface in the corresponding TEM 
micrograph (not shown) is oriented perpendicular to a*. 








Fig. 3 Partial dislocations at the termination of stacking faults at 
(A-H ). The stacking fault fringes are oriented parallel to the (100) 
composition planes of the twins. Scale bar, 0.1 um. 


through the crystals parallel to the c-axis the trace of the 
lamellae extends parallel to the prismatic cleavage. In a few 
cases the lamellae have also been observed in sections perpen- 
dicular to the c-axis. The trace of the lamellae in these sections is 
parallel to the acute bisector of the dominant {110} cleavage 
planes. When observed in the electron microscope the lamellae 
appear as long domains, <20um wide, and bounded by planar 
coherent interfaces. Chemical analyses on thin foils’*, using an 
EDAX analytical system, showed no chemical differences 
between adjacent domains'*. Selected area diffraction (SAD) 
showed the twin relation between the adjacent domains. SAD 
patterns across vertically aligned interfaces produced Laue 
zones, that contained extra spots, symmetrically distributed with 
respect to the A00 row of reflections (Fig. 2). These extra spots 
were not present in the electron diffraction patterns from areas 
selected from a single twin domain. 

The 4.00 row of reflections in the complex pattern is common 
to the diffraction patterns of material at both sides of the 
interface. The extra spots are related to those of the diffraction 
pattern from a single twin by a 180° rotation about a*. This 
systematic relationship persisted for all diffraction patterns in 
which the interface was vertical. Dark-field imaging, using twin 
and matrix reflections, confirmed the above interpretation. In all 
SAD patterns of areas with vertically aligned twin interfaces the 
h00 row of reflections was perpendicular to the trace of the twin 
interface in the corresponding TEM images, thus confirming the 
{100) orientation of the twins. 

Additional defect structures observed in the samples are long 
segments of dislocations parallel with the trace of the (100) 
planes. Contrast experiments on these dislocations show invisi- 
bility for g=020 and minimum contrast for g = 200. It is 
suggested that the Burgers vector of these dislocations is [001], 
confirming the slip system identified by Dolinger and Blacic'* 
using optical measurements and by Morrison-Smith'’ using 
TEM. Stacking faults parallel with (100) are present in these 
samples and are bounded by partial dislocations (Fig. 3). 

Mechanical (101) twins have not been found in the Kittelfjäll 
amphibolite mylonites. Mechanical twinning on (101) does not 
in general seem important in the natural deformation of 
clinoamphiboles. Various authors'*'” have demonstrated (100) 
[001] slip, and the observations on the material described here 
confirm their conclusions. 

The mechanism for the formation of (100) mechanical twins is 
considered to be the same as that described for clinopyroxene’®. 
The essential difference between the clinopyroxene and 
clinoamphibole structure is the presence of double layers of 
SiO, tetrahedrons in the amphiboles. Consequently the b- 
parameter of the amphibole unit cell is approximately twice that 
of clinopyroxene, but there are no important differences in the 
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plane perpendicular to [010]. The geometry of (100) mechanical 
twinning in clinopyroxene requires the more or less rigid trans- 
lation of tetrahedral layers by $c, resulting in an appropriate 
simple shear deformation of the octahedral layers in between. 
The composition plane in this model is therefore situated in the 
tetrahedral layer, which connects the sheared and unsheared 
octahedral layers. In addition, small shuffles are needed to 
obtain the exact twin geometry. The twinning shear can be 
propagated by the movement of partial dislocations with b = 
4[001], gliding in the octahedral layer’®. The symmetry operator 
that is present-in the ‘tetrahedral layer of the C2/m clinoam- 
phibole structure, is a diad screw axis parallel to b. The twinning 
mechanism described above will therefore result in a defor- 
mation twin with b-glide symmetry on (100). 

The study of the deformation behaviour of crystalline silicate 
materials has become important since interest has concentrated 
more and more on fundamental mechanisms of deformation. 
The material from the Kittelfjäll amphibolite mylonites proves 
that (100) mechanical twinning is a possible mode of defor- 
mation in naturally deformed clinoamphiboles. The 
identification of these twins confirms the similarity in twinning 
behaviour of clinoamphiboles and the related clinopyroxenes. 


Received 16 March; accepted 2 June 1981. 


1. Buck, P. & Paulitsch, P. Naturwissenschaften $6, 460 (1969). 
2. Buck, P. Contr. Miner. Petrol. 28, 62~71 (1970). 
3. Rooney, T. P. & Riecker, R. E. Trans. Am. geophys. Un. 50, 322 (1969). 
4, Rooney, T, P., Riecker, R. E. & Ross, M. Science 169, 173-175 (1970). 
5. Rooney, T. P, & Riecker, R. E. Envir. Res. Pap, 430, AFCRL-TR-0045 (1973), 
6. Rooney, T. P., Gavasci, A. T, & Riecker, R. E. Envir, Res. Pap. 484, AFCRL-TR-0361 
(1974), 
7, Rooney, T. P., Riecker, R. E. & Gavasci, A. T. Geology 3, 364-366 (1975). 
8. Chao, È. C. T. Science 156, 192-202 (1967). 
9. Borg, I. Am. Geophys. Un. Geophys. Mon. 16, 293-311 (1972). 
10. Kirby, S. H. & Christie, J, M, Phys. Chem, Miner. 1, 137-163 (1977). 
11. Raleigh, C. B. Science 150, 739-741 (1965). 
12. Hornemann, U. & Müller, W. F. N. Jb. Miner, Monatsh. 6, 247-256 (1971). 
13, Gittos, M. F., Lorimer, G. W. & Champness, P. E. in Electron Microscopy in Mineralogy (ed. 
Wenk, H. R.} 238-247 (Springer, Berlin, 1976), 
14. Dolinger, G, & Blacic, J. D. Earth planet. Sci. Lett. 26, 409-416 (1975). 
15, Biermann, C. thesis, Univ. Leiden (1979). 
16. Calon, T. J. thesis, Univ, Leiden (1979). 
17. Williams, P, F. & Zwart, H. J. in Energetics of Geological Processes (eds Saxena, $. K. & 
Bhattacharji, S.) 170-187 (Springer, Berlin, 1977), 
18, Lorimer, G. W, & Cliff, G. in Electron Microscopy in Mineralogy (ed. Wenk, H. R.) 506-519 
(Springer, Berlin, 1976), 
19, Morrison-Smith, D. J, Am. Miner. 61, 272-280 (1976). 


A LE LEIBA STILE A IEEE ST REE TIEN ED 





Increase of CHCIF, 
in the Earth’s atmosphere 
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Ambient air collected and stored in calibration tanks with inert 
internal surfaces was analysed by the electron capture~—gas 
chromatography techniques (EC-GC) for measuring CHCIF, 
(fluorocarbon-22 or F-22) at atmospheric concentrations of 
between 30 and 60 p.p.t.v. (10°). Repeated measurements of 
F-22 in these tanks over the past 18 months have shown no 
significant changes in concentration, implying that the 
measurements reflect the atmospheric concentrations of F-22 
when the air was collected. The resulting time series, based on 
360 measurements made on 100 different samples, shows that 
CHCIF, concentrations increased at an oo exponential rate 
of 11.7% yr™ (90% confidence limits: 9.8%~-13.2% yr’) 
between April 1976 and January 1981. Based on this time 
series, it is shown here that a constant 200 x 10° kg of F-22 in the 
Earth’s atmosphere cannot be accounted for by the global 
anthropogenic emissions estimated by McCarthy et al. **. This 
excess is ~26% of the estimated present global burden of F-22 
in the entire atmosphere. 











Since the early 1950s, emissions of the inert man-made 
fluorocarbons CCI,F (F-11) and CCLF, (F-12) rose rapidly until 
1974, when Molina and Rowland’ proposed that chlorine atoms 
from the dissociation of these gases could ultimately destroy 
enough of the Earth’s stratospheric ozone layer to affect human 
health adversely by allowing more UV radiation to reach the 
Earth’s surface. Subsequent theoretical studies also concluded 
that the large expected accumulations of these gases from 
continued anthropogenic emissions would lead to a global 
warming of the Earth’s surface, which could cause climatic 
changes and affect agriculture*’, In the US these concerns led to 
restrictions on unessential uses of F-11 and F-12 and a search for 
substitutes. The National Academy of Sciences (NAS)" sugges- 
ted that F-22 would be safer for the ozone layer, because it 
contains only one chlorine atom and some of the F-22 is 
destroyed in the troposphere by reactions with hydroxyl radicals 
(HO). The NAS report also cautioned that“... if current trends 
in the rapidly increasing use of F-22 and methyl chloroform 
continued unabated, the release rates and atmospheric 
behaviour of these compounds will require careful attention”. 
F-22 emissions have been increasing rapidly'”, but so far the 
total emissions and the atmospheric concentrations’ remain 
much less than those of CCI,F, CCLF, and CHCC. Continu- 
ing increases in the emissions of F-22 could, however, lead toa 
large accumulation in the Earth’s atmosphere, partly because it 
reacts slowly with the hydroxyl radicals, resulting in an atmos- 
pheric lifetime of ~ 20 yr (ref 7.). It is believed that reaction with 
HO radicals is the major global sink of F-22. Furthermore, F-22 
efficiently absorbs outgoing IR radiation at wavelengths of 
~7.5,9 and 12 um (ref. 8) which are, as for CCIL,F and CCLP,, 
in a region of the spectrum where natural atmospheric gases 
absorb little of the outgoing radiation. Thus, the general 
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behaviour of F-22 in the Earth’s environment is expected to be 
similar to that of F-11 and F-12, although the magnitudes of 
possible environmental perturbations may be less and have yet 
to be determined quantitatively. 

The first measurements of F-22 in the atmosphere were made 
in 1979 by gas chromatography—mass spectrometry (GC-MS) 
and EC-GC techniques’. Ambient air collected periodically 
since early 1976, before it was possible to measure F-22 at the 
atmospheric concentration of 30-60 p.p.t.v, had been stored in 
tanks with inert internal surfaces. 

Measurements to obtain a time series were made on about 
100 different samples collected between April 1978 and January 
1981. An in-situ air liquefaction method, which introduces no 
trace halocarbon contamination, was used to compress about 
1,000 I of air at STP to 450 p.s.i.g. and store it in 35 | stainless 
steel tanks internally passivated by the SUMMA process. The 
water condensed in the tanks was drained and before analysis 
the air was further dried to less than 1% RH by a Nafion dryer. 
The results we report here are F-22 concentrations in dry air. 

We believe that the measurements reflect the atmospheric 
concentrations of F-22 at the time of collection because since we 
first measured F-22 in the atmosphere more than a year ago’, we 
have made repeated measurements of F-22 in each of our tanks 
and found no statistically significant systematic changes of 
concentrations, Random variabilities, however, typically <4% 
of the initial concentrations, were. observed. In addition, 
repeated measurements over the past 3.5 yr have shown that 
CCIsF, CCIF,, CH,CCI, and N20 have all remained at constant 
concentrations in all the tanks used for this study, thus estab- 
lishing the stability of long-lived trace gases in our tanks. These 
experiments also showed that the precision of analysis was good 
(estimated o = 2% and 4% for two tanks studied intensively) 
whereas the absolute accuracy assigned to the primary standard 
is only + 10% (estimated a) (see also ref. 7). 

Figure 1 shows the atmospheric concentrations and the 
increase of F-22 in the atmosphere at 45 °N latitude in the US 
Pacific Northwest. The rate of increase, obtained by non- 
parametric statistical methods’®, is given in Table 1 and shown in 
Fig. 1. The statistical techniques used are less sensitive to a few 
extreme deviations than the classical methods, and the evalua- 
tion of the increase by (1/C)dC/dr = B, where C is the concen- 
tration and 8 the rate of increase, is not sensitive to errors of 
absolute accuracy. 

Next, we estimated the concentrations to be expected from 
the estimated industrial release of F-22 since 19506, 


Table 1 Estimated rates of increase (% yr!) of CHCIF, (F-22) in the 
atmosphere and the estimates of global emissions 





.  Observed* 
B(% yr") (Bi, By)  B>0? 
Measurements 
(April 1976~January 1981) 11.7 (9.8, 13.2) Yes (@<0.001) 
Expected t | 
Bı B2 
Average 
(April 1976-January 1981) 11.4 15.9 — 
_ Global emissions 
a(10° kg yr7!) b r 
January 1950-—January 1960 0,12 0.33 0.983 
January 1960~—January 1968 2.92 0.19 0.998 
January 1968-January 1978 16.2 0.153 0.998 


* B is assumed constant and given by (1/C) (dC/dr) where C is the 
concentration. 6 is the estimate of B obtained from nonparametric 
statistical methods based on the Theil test. (81, Bu) are the 90% 
confidence limits of p. . 

t Expected average rates of increase. 8 is obtained by a global mass 
balance and the estimated global emissions. 8; is the obtained by 
assuming a constant background (17 p.p.t. at 45 °N) in addition to the 
concentrations expected from anthropogenic emissions. 

+ Functional representation of global emissions based on the model: 
S$(10° kg yr ')=a exp (bf), b in yr’, t in yr. r is the correlation 
coefficient of InS and ¢ 


Concentrations determined by a global mass balance were 
corrected for latitude variation’ of F-22 and for the amount in 
the stratosphere’ to arrive at the concentrations expected at 
45 °N latitude'', which are shown in Fig. 1. [The techniques are 
discussed in ref. 7. It was assumed that the lifetime of F-22 is 20 
yr, and that the ratio of C(F-22 at latitudes > 45 °N) to C(F-22 at 
latitudes < 45 °S)~ 1.3 as determined by measurements made 
at several times at the south pole, Tasmania and Cape Meares, 
Oregon, as well as the measurements reported in ref. 9.] We 
found that the concentration expected on the basis of anthro- 
pogenic release estimates is less than that determined by 
atmospheric observations. We defined the difference as 


A(t) = Cors(t) — Cineor(t) (1) 


The A at 45 °N was found to be approximately constant with an 
average value A = 17 p.p.t.v. (estimated o = 3 p.p,t.v., estimated 
o/V N= 0.6 p.p.t.v.). Extrapolating to global scales this amounts 
to about 200 x 10° kg more F-22 in the Earth's atmosphere than 
can be accounted for by anthropogenic emissions, and this 
excess amount has remained nearly constant for the past 4 yr. 
The independent global F-22 measurements reported earlier” 
showed the same excess in May 1979. The expected rate of 
increase since 1976, based on estimates of global emissions, is 
nearly 16% yr™', which is faster than the upper limit of the 
observed rate of increase (~ 13% yr’). This result also suggests 
that the disagreement between observation and theory is not 
given by a proportionality constant as would be expected from 
errors in absolute calibration. 

We believe that the most probable explanation for the obser- 
ved excess is that past industrial releases of F-22 have been 
underestimated. According to the release estimates of McCar- 
thy eral.'?, only ~ 41% of the F-22 produced has been released 
compared with ~ 85% release/production ratio for CCLF and 
CCF, thus allowing for a greater margin of error in the release 
estimates. If, for instance, we assume that the release to produc- 
tion ratio is ~ 50% rather than 41%, the discrepancy between 
our observations and the expected burden disappears. As the 
published release estimates considered only the production of 
F-22 used in refrigeration and did not include uses of F-22 as a 
chemical intermediate for the production of compounds such as 
polytetrafluoroethylene (PTFE), the amount released may have 
been underestimated. Estimatesof F-22 emissions from eastern 
Europe, the USSR and China’ are also subject to large 
uncertainties. Alternative explanations include a possible con- 
version of CCI,F, to CHCIF, on sand, particle and other sur- 
faces’*, natural emissions'*, possible errors in absolute cali- 
bration or slow losses of F-22 in the calibration tanks as well as 
inadequate data on the latitudinal and height distributions of 
F-22. Work is now in progress to determine the causes of this 
excess. 

We thank Drs Bruce Lane and Harry Smith of ICI for their 
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We have previously discussed how measurements of the isotope 
“Be (half life 1.5 Myr) in geophysical reservoirs can be used to 


and solar activity (through the modnlating iaflaence of the solar 
wind)*. We report here the first significant measurements in oer 
programme to determine the Be concentration profile over the 
entire length of a 906-m Antarctic tce core. The results suggest 
au increased production of 1°Be during the Masnder minimam, 
a period of appareatiy low solar activity lasting from 1645 to 
1715 *. More suprisingly, we have also found a substantially 
increased "Be concentratioa in mow during the last 
ice age. While the interpretation of this latter effect is not yet 
clear, it will almost certainly have important implications for 
climatology studies. If production variations are indeed 
involved, there are also important implications for solar~ter- 
restrial relationships and radiocarbon dating. 

The measurements were carried out on samples from a 906-m 
ice core at Dome C (74°39'S, 124° 10'E) in Antarctica’, and 
from a 180-m core taken a few metres away 1 yr later’. We have 
previously reported some preliminary measurements from the 
906-m core, using "Be extracted from meltwater filters in the 
field?. However, additional studies using laboratory extracted 
Be from ice at the same depths showed that the laboratory 
extracted experiments often gave higher concentrations", We 
are not sure whether this is due to adsorption during recovery of 
the meltwater, or whether the small quantity of ion-exchange 
resin in the filters became saturated with impurities during the 
filtering process. All results reported here were made on Be 
extracted from ice in the laboratory. Some results from the 
upper 250 m of the cores have been reported elsewhere’. 

Samples consisted of 1-3 kg of ice, each representing at least 
10 yr accumulation to minimize possible 11-yr solar cycle 
effects. The ice was melted in plastic containers, together with 
1.5 mg of "Be carrier. The Be was then recovered by passing the 
water through Dowex 50W-8X, 200-300-mesh ion-exchange 
columns. The Be was eluted with 1.5 M HCI, and then converted 
to BeO ave as described in ref. 1. The technique of measur- 
ing the ““Be/*Be ratio using the Grenoble cyclotron to deter- 
mine the Be concentration in the ice, has been outlined 
elsewhere?” and a more detailed description is given in ref. 10. 

The results from 33 samples are shown in Figs 1 and 2. The 
ages of the samples have been estimated from previous studies 
on these cores (ref. 11 and M. Pourchet, personal com- 
munication). Figure 1 shows results for samples corresponding 
to the past ~1,000 yr. Our objective was to see whether we 
could see any medium term (~ 100 yr) concentration variations, 
such as those observed for “C in tree rings’? which are attri- 
buted to solar modulation effects. Although the errors are rather 
large, we do apparently see an enhanced ‘Be concentration 
about the time of the Maunder minimum (given by Eddy’ as 
lasting from 1645 to 1715). There are not enough points to test 
whether or not there is evidence for earlier variations such as the 
Sporer and Wolf minima, and Medieval maximum’. 


Although the experimental uncertainties on the present 
measurements are quite large, the suggested enhancement dur- 
ing the Maunder minimum (~50%), gives some idea of the 
potential sensitivity of this procedure for detecting modulation 
effects. Thus, it is hoped that, not only will it be possible to 
investigdte such variations much further back in time than with 
1C tree-ring data, but also that one could establish whether the 
11-yr solar cycle itself was operating during such tmes*. 

Figure 2 shows results over the whole length (in metres of ice 
equivalent) of the available cores (for clarity, the 20 points of 
Fig. 1 have been averaged, and are shown by the open symbol). 
At depths of more than ~400 m, the ae concentration is 2~3 
times larger than in the. upper part. gure 2 also shows a 
smoothed curve of the *O/*°O ratio ies as 8'*O) measured 
in the same core''. This ratio is indicative of the temperature at 
which precipitation occurred, and the large change at ~400 m is 
believed to correspond to the end of the last ice age, ~ 10,000 yr 
ago"’. Thus the concentration of ‘Be in precipitation in the 
Antarctic was considerably greater during the last ice age. There 
are at least three possible explanations for such a situation. 

The first, and perhaps the most probable, is that the general 
rate of precipitation in the Antarctic was much less during the 
last ice age. Robin”, for example, suggests that precipitation in 
the Antarctic is limited by the saturation vapour pressure of 
H,O in the atmosphere. He states that a 7 °C decrease in the 
average atmospheric temperature, which corresponds approx- 
imately to that estimated on the basis of *O/!*O data!’, would 
be likely to “halve the accumulation rate of precipitation’’™*. 
The adopted chronology of Lorius et al.™*, based on correlation 
of identified *O/"*O features with “C dated sediments and the 
180/160 variation, assumed a 25% decrease in the precipitation 
rate beyond ~15,000 yr Bp. To account for the ‘Be results by 
this phenomenon, the decrease would have to be considerably 
greater. 

A second explanation related to meteorology is that the 
circulation pattern in the atmosphere during the ice age led to a 
greater fraction of the global production of "Be going into the 
Antarctic troposphere. This is possible because the largest part 
of Be (and other cosmogenic isotope) production is in the 
stratosphere’™*. How these isoptopes reach the Earth’s surface 
depends on the details ‘of stratospheric-tropospheric exchange 
processes. The features of such transfer which control cosmo- 
genic deposition in Antarctica, are not well understood’. 

The third possibility for the increased "Be concentration 
during the last ice age is that the explanation is the same as that 
for the increase during the Maunder minimum, that is, reduced 
solar activity, leading to increased "Be production. If this were 
the case, one would be tempted to speculate on a causal rela- 
tionship. The possible connection between reduced solar 
activity during the Maunder minimum and the ‘Little Ice Age’ 
has been discussed extensively 4 ??, 

Fortunately, there are ways of testing which of the above 
explanations for the mcreased '°Be concentration is correct. If 
lower precipitation is the answer, then clearly the ice at the 
bottom of the Dome C core is considerably older than the 
present estimate (~50,000 BP instead of ~30,000 sP). Some 
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Fig. 2 Re concentration (data points, left-hand scale) and 6 180 

(solid line, right-hand scale) in ice at Dome C. The 20 points from 

Fig. 1 have been averaged, and are given by the open symbol. The 
8'8O data are from ref. 11. 


evidence for a longer chronology at Dome C has been presen- 
ted?®. Thus any direct dating of the ice at the bottom of the core 
would test this hypothesis. The use of the accelerator technique 
to '*C date the CO, trapped in the ice at the bottom of this core 
might soon be able to provide such a date. 

If the explanation is changing atmospheric circulation, then 
the pre-Holocene deposition of Be in other geophysical 
reservoirs, such as marine and lake sediments, should not all 
show the same effect (meteorology can change the pattern of 
Be deposition, but cannot increase the total amount 
deposited). “Be measurements in these other reservoirs, 
including an Arctic ice core, are in progress. 

If the larger Be concentration does reflect increased 
production before 10,000 Bp, then it should be seen worldwide 
(although not necessarily with the same amplitude). In this case, 
in addition to the climate implications mentioned earlier, there 
would be an obvious consequence for '*C dating, as an increased 
production of this isotope would also be implied. Indeed a 
combination of '"Be and '*C measurements in the same reser- 
voir could be used to calibrate the '*C scale beyond the presently 
available tree-ring limit’. 

Note that we have not considered the possibility that the 
increase in Be could be caused by a decrease in the geomag- 
netic field intensity. The argument against this is that at 
~6,000 yr Bp, when palaeomagnetic data suggest a geomag- 
netic intensity of approximately only half that of the present”’, 
the '°Be concentration is still much less than during the earlier 
period (although there is some hint in Fig. 2 of an increase at 
~6,000 yr BP). Thus, while such an effect may be present, it does 
not seem to be the major cause of the observed increase before 
10,000 yr Bp. The effect on ‘Be deposition of a varying 
geomagnetic field is probably minimized near the geomagnetic 
poles*. 

While many more and precise measurements will be necessary 
before the implications of the present results can be appreciated, 
these initial data fully justify our previous enthusiasm’ regard- 
ing the potential of "Be measurements in polar ice cores. 

The ice coring programme was supported by Terres Australes 
et Antarctiques Françaises, NSF (Division of Polar Programs), 
DGRST and INAG. We thank R. Delmas and M. Pourchet for 
help in sampling the ice core, J. Jouzel and L. Merlivat for their 
'8Q/'°O curve, and J. Lestringuez for assistance in preparing 
BeO samples. 
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Previous interest in light hydrocarbons from geothermal 
systems has focused principally on the origin of the methane’ 
and the estimation of subsurface temperatures from the carbon 
isotopic content of coexisting methane and carbon dioxide’. 
Higher molecular weight hydrocarbons were first reported in 
gases from Yellowstone National Park*, and have since been 
found to occur commonly in geothermal emanations in the 
western United States". Isotopic measurements of individual 
geothermal hydrocarbons are now reported which help to 
explain the origin of these hydrocarbons. The thermal de- 
composition of sedimentary or groundwater organic matter is a 
principal source of hydrocarbons in four geothermal areas in 
western North America. 

Steam from production (water-steam) separators at Cerro 
Prieto (Baja, California, Mexico) or from steam wells at The 
Geysers (California) was cooled in a stainless-steel condenser. 
Steam from fumaroles and hot springs at Steamboat Springs 
(Nevada) and Yellowstone (Wyoming) was sampled with an 
inverted funnel held underwater over the steam source. All 
samples were collected in evacuated 500-cm* Pyrex flasks 
containing 100 cm° of 4M NaOH solution and having Viton 
O-ring valve seals. Carbon dioxide and hydrogen suphide 
readily dissolved in this solution, allowing only the less abundant 
gases, including the light hydrocarbons, to accumulate in the 
flask’s headspace. This procedure produced negligible amounts 
of contaminating hydrocarbons. The geothermal hydrocarbons 
were separated and combusted, and the carbon dioxide product 
purified and measured using a combined gas chromatograph- 
combustion system®’. Hydrocarbon identifications were 
confirmed by comparing the mass spectra obtained by gas 
chromatography—mass spectrometry with known standard 
spectra. The carbon isotopic analyses were performed using a 
modified Nuclide 6-60 RMS isotope mass spectrometer”. The 
entire procedure was tested using a mixture of hydrocarbons 
whose individual °C contents were known. Accurate 6°C 
values were obtained which typically had a standard deviation of 
0.3%. 

The gases studied contained most of the possible saturated 
hydrocarbon isomers ranging in size from methane to the 
hexanes*. Benzene was always relatively abundant, but the 
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abundances of other unsaturated molecules were relatively low 
and highly variable between sites. The concentration ranges 
observed in dry gas for the four typically most abundant hydro- 
carbons are as follows: methane (25~7,000 parts per million 
(p.p.m.) by volume), ethane (1-200 p.p.m.), propane (1077-25 
p.p.m.) and benzene (107 to 15 p.p.m.). The balance of abun- 
dant headspace gases included nitrogen, hydrogen, helium and 
argon. 

Concerning the origin of the hydrocarbon mixtures, it is useful 
to evaluate whether the molecules have attained ther- 

c equilibrium with each other. In an equilibrium 
mixture at 500 K and 20 atm which has relative carbon, hydr- 
ogen and oxygen abundances similar to those in these geother- 
mal fluids, methane should be at least 10° times more abundant 
than all the larger hydrocarbons’. The methane to ethane ratios 
observed in these samples were always less than 600. The 
abundances of the other larger hydrocarbons were also greatly 
in excess of the abundances permitted at equilibrium. There- 
fore, the molecular patterns of these hydrocarbons reflect, at 
least in part, the kinetically controlled processes responsible for 
their production. 

Two processes have been proposed for the thermal origin of 
light hydrocarbons in the Earth’s crust. First, methane, which is 
derived either from storage deep in the Earth’® or synthesized 
from carbon dioxide and h 1, might react with itself to 
produce larger hydrocarbons'*"'. Alternatively, higher mole- 
cular weight organic matter from sediments or groundwater 
might thermally decompose to yield light hydrocarbons*'*"¥ 
The hydrocarbons could then escape thermodynamic equili- 
bration, and hence destruction, by migrating to cooler zones in 
the Earth’s crust. If equilibration is incomplete, the products of 
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and product B plotted agamst F, the fraction of A which has reacted. The 
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a rate which 1 1% lower than that of YC. The equations used in those 
calculations were obtatned from ref. 14 b, Isotopic data from the thermal 
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experiment was tho same as that described for Fig 1b. A 2-1 Pyrex flask was 
filled with reagent grade methane (8 MC, =—38 6%) to a pressure of 
200 mm Hg. The mothane was subjected for 1h to a 2-cm cou spark 
established between two tungsten electrodes in the flask The products wero 
extracted from the fiask and analysed Tho letters H and M identify the 8 YC 


M-5, sampled January 1979; ©, The Geysers, 1979, A, Steamboat Springs, 
September 1979; V, Yellowstone Nanonal Park, West Thumb, October 
1980 
synthesis from methane should differ in their relative inter- 
molecular ‘°C abundances from the products of organic decom- 
position. It is instructive to discuss next the reasons for such a 

difference. 

Consider a kinetically controlled reaction where chemical 
compound Ais converted to compound B and where the isotope 
4C in these molecules reacts 1% faster than the °C. The 
calculated carbon isotopic compositions of A and B are plotted 
against F in Fig. la, where F represents the fraction of A 
(between zero and unity) which is converted to B. The first B 
which is produced is almost 10% depleted in °C, relative to A. 
As the abundance of A decreases with increasing F, the °C 
contents of both A and B must increase to preserve the isotopic 
mass balance’*. When hexane is thermally decomposed in the 
laboratory at 500°C, the °C contents of the products (see 
Fig. 1b) change in a similar fashion to that depicted in Fig. 1a. As 
with the simple system involving A and B, this increase with time 
in the “°C contents of the reacting compounds is derived both 
from isotopic discrimination which accompanies the 
compounds’ production and destruction, and from the 
requirement that an isotopic mass balance be preserved. Note 
especially that, in the decomposition process, the lower molecu- 
lar weight products have lower **C contents, and that methane 
has the lowest °C content of all. 

Alternatively, if methane is the carbon source for the thermo- 
dynamically unequilibrated synthesis of larger hydrocarbons, 
these larger hydrocarbons will have lower ‘°C contents than the 
methane has. For example, this pattern is observed during the 
ao of hydrocarbons from methane in a spark discharge 

ig. 2a). 

The methane in these geothermal samples was consistently 
more depleted in “C than were the associated larger hydro- 
carbons (Figs ic, 2b). Thus, the thermal decomposition of 
organic matter to produce methane and other products is the 
most important source of these hydrocarbons. This conclusion is 
supported by our isotopic analyses of coal in drill cuttings from a 
well in the Cerro Prieto geothermal field. Such coal is a likely 
carbon source for the light hydrocarbons in the Cerro Prieto 
steam. The 8'°C value of the coal (—24.3) is very similar both to 
the values of the benzene (--24.0) and hexane (—23.6) in the 
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geothermal steam and to the values of the benzene (—24.6) and 
butane (—24.9) produced during vacuum pyrolysis of the coal in 
the laboratory for 16h at 400°C. Furthermore, methane 
produced from the coal during this laboratory pyrolysis had a 
68°C value of —30.0, very similar to the typical value (-31.4) 
observed for methane from several Cerro Prieto wells. 

If the kinetically controlled geothermal decomposition of 
sedimentary or groundwater organic compounds produces the 
gaseous hydrocarbons larger than methane, an appreciable 
portion of the methane itself must be formed by the same 
process. If some of this methane is not isotopically equilibrated, 
as the high abundances of the larger hydrocarbons indicate, then 
such methane is not suitable for use in a geothermomettic 
method which assumes that carbon isotopic equilibrium has 
been achieved between coexisting methane and carbon dioxide. 

Even though thermodynamic equilibrium is not attained, the 
carbon isotopic contents of methane and carbon dioxide can give 
apparent equilibrium isotopic temperatures which are higher in 
hotter subsurface environments’. An example of this correlation 
can be found in gases from Yellowstone National Park (Fig. 1c). 
Maximum subsurface aquifer temperatures are inferred by 
other methods (ref. 15 and unpublished observations) to 
decrease from Mud Volcano (steam dominated) to Upper Basin 
(276 °C) to West Thumb (226 °C). The &'°C values of methane 
and carbon dioxide (Fig. 1c and its legend) yield calculated 
isotopic temperatures that are highest at Mud Volcano (428 °C), 
lower at Upper Basin (267°C) and lowest at West Thumb 
(142°C). The “C enrichments in methane with increasing 
temperature could result from kinetic isotope effects similar to 
those displayed in Fig. 1b. Note in Fig. 1b that the 6°C of the 
methane increased with the extent of the hexane pyrolysis; in 
that experiment, greater pyrolysis was achieved by longer 
laboratory pyrolysis times. In the case of the Yellowstone and 
other gases, a more extensive pyrolysis of sediment or ground- 
water organic matter could similarly be achieved by higher 
subsurface temperatures. Consequently, the observed "C 
enrichment of methane in the hotter subsurface localities might 
reflect simply a more extensive pyrolysis of sedimentary organic 
matter, rather than a thermodynamic equilibration between the 
carbon dioxide and all the methane which is present. 

Alternatively, these Yellowstone gases might contain varying 
proportions of the methane of deep, unknown origins mixed 
with methane having a shallower subsurface source. The 
presence of an abundant unequilibrated shallow methane 
component is indicated by the occurrence of abundant larger 
hydrocarbons at West Thumb and Upper Basin. The abun- 
dances and '*C contents of these higher hydrocarbons (Fig. 1c) 
indicate that their associated methane has a relatively low °C 
content and has an abundance which decreases, perhaps by a 
factor of 10 or more, from West Thumb to Upper Basin to Mud 
Volcano. Accordingly, the total methane content decreases by a 
factor of approximately eight from West Thumb to Upper Basin 
to Mud Volcano. Therefore, the relative proportions of °C- 
enriched methane having a different and perhaps deeper origin 
are successively greater at Upper Basin and Mud Volcano. The 
presence of successively more concentrated deep gas 
components at Upper Basin and Mud Volcano is consistent with 
the successively greater enrichments of *He observed at these 
localities (H. Craig, personal communication). 

Additional evidence is being sought to establish more 
definitively the origin of geothermal methane, including that 
methane which emanates from the ocean floor’. Nonetheless, it 
is now apparent that the ubiquitous presence of organic matter 
in subsurface continental environments has a key role in the 
production of geothermal hydrocarbons. 

We acknowledge the laboratory assistance of Michael 
Des Jardin, Loretta McQuaid and Ruth Mack. 
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The portion of California (USA) and Baja California (Mexico) 
lying west of the San Andreas-Gulf of California plate boundary 
is part of the Pacific Plate, and consists of at least seven distinct 
lithological terranes (Fig. 1). The only pre-Carboniferous rocks 
previously identified in any of these terranes are the Pre- 
cambrian gneiss and plutonic rocks of the San Gabriel Moun- 
tains in California (Fig. 1, terrane II). Previous reports of 
Palaeozoic strata west of the San Andreas Fault in southern 
California are either erroneous’ or unconfirmed (R. V. Sharp, 
personal communication). Fossils near El Volcan, Baja Cali- 
fornia, originally reported as possibly Palaeozoic’, are now 
recognized to be early Triassic’. Unidentified cup corals and 
crinoid-like specimens were reported in metamorphosed limes- 
tone of the Gabilan Range, central California (Fig. 1, terrane 
D*. Unidentified brachiopods and crinoidal debris in the Sierra 
Pinta of Baja California were assigned to the Carboniferous 
(Fig. 1, terrane VII; ref. 5). Fossils of Pennsylvanian age were 
found in a block of limestone and quartzite in a mélange on Isla 
Cedros. We describe here the first Lower Palaeozoic rocks 
from the Pacific Plate; this carbonate—quartzite sequence 
contains Lower Ordovician conodonts and is exposed at San 
Marcos, 50-km south of the International Border between 
Tecate and Ensenada (Fig. 1). 

The San Marcos section consists of carbonate, quartzite, 
bedded chert and subordinate slate, and is exposed in a tectonic 
envelope ~6km long and 1km wide. Preliminary mapping 
suggests that the rocks were thrust over sandstone-slate turbi- 
dite deposits presently considered to be of Triassic or Jurassic 
age (Fig. 1, terrane V). Following tectonic emplacement both 
the upper and lower plates were folded, weakly metamorphosed 
and intruded by Cretaceous granite and rhyolite/andesite 
dykes. 


Table 1 Conodont taxa from sample VS3 





Multi-element taxa 


Drepandus arcuatus Pander NA ve 
Eoplacognathus? sp. NA w 
Prioniodus (Oepikodus) evae (Lindström) NA ve 
Prioniodus (Periodon) flabellum (Lindström) NA c 
Protopanderodus varicostatus Sweet & Bergström NA ve 
Scolopodus cornutiformis Branson & Mehl M e 
Walliserodus ethingonti? (Fahraeus) NA r 
Form taxa 
Cordylodus? sp. M? v 
Oistodiform element ? c 
Scandodiform element ? r 
Trichonodelliform element ? r 


NA, North Atlantic elements; M, mid-continent elements; vr, very 
rare; r, rare; c, common; ve, very common. 
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Fig, 1 Index map of seven pre-batholithic basement terranes of the Pacific 
Plate of western North America. I, Salinian block of highly metamorphosed 
carbonate~argillite of pre-Cretaceous age. I, Ophiolite, mélange and asso- 
ciated trench facies; Triassic to Cretaceous in age. IH, Igneous rocks and 
gneiss of Precambrian age. IV, Island arc rocks of late Triassic to medial 
Cretaceous age. V, Flysch facies of early Triassic to late Jurassic age. VI, 
Amphibolite grade carbonate~quartzite rocks of unknown age. VII, Chert- 
argillite~voicanic rocks of Carboniferous age. Structural features, geo- 
graphic locations and boundaries of shelf, miogeoclinal and back-are facies 
are indicated. Conodont-bearing rocks occur at San Marcos within terrane 
V, latitude 116°25'33°W, longitude 32°09'46°N, Samples were collected ona 
saddle of a north-west trending ridge at an elevation of ~750 metres, Hoja 
111D82, Francisco Zarco quadrangle, Baja California, Mexico, 


Lithological specimens ranging from reddish-brown wea- 
thered, dark-grey, fine- to medium-grained dolomitic limestone 
to very dark-grey, fine-grained dolomitic limestone were 
collected from limited exposures on brush-covered slopes. Six 
samples, weighing 535~-1,025 g, were dissolved in 10-12% 
acetic acid. Fossils were recovered from three samples, but only 
one (VS3, 797 2) contained abundant conodonts (~250) and 
other fossils, including inarticulate brachiopod fragments, small 
gastropod steinkerns, pelmatozoan colummals and sponge? spi- 
cules. Only the conodonts are preserved well enough for more 
specific identification. 

Most of the conodonts are broken, etched, compressed and 
have been thermally altered to a dark brown or black (CAT index 
of 5-6)’, Despite poor preservation seven multi-element taxa 
and four other morphological types were identified (Table 1, 
Fig. 2). With the exception of fragments tentatively identified as 
Eoplacognathus? sp., other species are characteristic of the 
Prioniodus evae/Oepikedus evae Biozone of early Ordovician 
(medial Arenigian) age as recognized in the British Isles*”. 
These taxa and Scolopodus cornutiformis suggest a correlation 
with early Ordovician Faunas D/E of iate Canadian age as 
described for the US mid-continent'’. Therefore the conodonts 
provide evidence of close correlation with European biozones 
and series, but provide only tentative correlation with North 
American mid-continent taxa. 

These taxa are representative of two Ordovician biogeo- 
graphic provinces. Six species, which represent most of the 
recovered specimens, are diagnostic of the North Atlantic pro- 
vince'''?; two species are diagnostic of the North American 
mid-continent province (Table 1)''"?, The diversity and abun- 
dance of the specimens indicate that these rocks formed in a 
North Atlantic province setting. In North America, rocks 
containing medial Arenigian conodonts of this province have 
been reported from the northern Appalachians, the Marathon 
region in Texas, and from the Cordilleran region of Canada and 
the United States”. Medial Arenigian rocks outside North 
America that contain conodonts of this province have been 
reported from central, western and southern Europe, south-east 
Asia, Australia and Argentina’'’"’. The distribution of these 
localities on Ordovician palaeogeographic maps"? indicates that 
all occur at least 10-15° north or south of the Ordovician 
palaeoequator. Thus the conodont taxa, the abundance of spe- 
cimens in the dissolved sample, and the lithology indicate the 
rocks were deposited on a continental shelf (miogeocline) in 
subtropical to temperate palaeoclimates. 

These Lower Palaeozoic miogeoclinal rocks are isolated from 
other known outcrops of carbonate rocks, and lithological rela- 
tionships with other sections are very tentative. The San Marcos 
exposures are 70 km south-west of strongly metamorphosed 
quartzite—carbonate rocks of unknown age found in the desert 


Fig.2 Conodonts from sample VS3. All specimens are from SDSU location number 3236, Allison Center, Department of Geological Sciences, Specimens Ekk 
m, and p are magnified by ~22 diameters, all others by ~35 diameters. a, b, c, Prioniodus (Oepikodus) evae (Lindstrém),.cepikodiforn } 





oistodiform elements; d, e, f, Prioniodus (Periodon) flabellum (Lindström), ramiform, ramiform and oistodiform elements, g, Soplacognatk of, 
ethingtoni? (Fahraeus); i, Drepanodus arcuatus Pander, j, k, Protopanderodus varicostatus Sweet & Bergström; 1, Seolapodus conudiformiy Branton & 


Cordylodus? sp.. m,scandodiform element, o, trichonodelliform element; p, oistodiform element. 
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ranges west of the plate boundary (Fig. 1, terrane VI). On the 
east side of the plate boundary, in northwestern Sonora near 
Caborca (Fig. 1), is a relatively unmetamorphosed sequence of 
miogeoclinal rocks of late Precambrian and Cambrian ages’** 
that was correlated with the miogeoclinal succession of the 
Nopah Range in the southern Great Basin of California'®. No 
Ordovician rocks were recognized in the Caborca section, but 
Upper Ordovician strata of deep water facies occur 200 km to 
the south at Picacho Colorado (Fig. 1)'""*. Another possibly 
related section of carbonate—quartzite rocks, near Baldwin Lake 
in the San Bernardino Mountains, California (Fig. 1), was also 
correlated with Cambrian and older rocks in the Nopah 
Range”, 

Despite difficulties in establishing lithological relationships, 
this well documented section of Ordovician miogeoclinal rocks 
west of the plate boundary is important in formulating inter- 
pretations of Palaeozoic and younger tectonic history of the 
southwestern part of the Cordilleran geocline. Geologists have 
long speculated about the possible truncation and/or displace- 
ment of geocline rocks in areas that now represent the Mojave 
desert, Baja California, and northern Sonora. Anderson and 
Silver” suggested that some of these rocks, such as those 
represented by the Caborca sequence, were transported south- 
eastwards some 700 km along a left-lateral ‘megashear’, per- 
haps in medial Jurassic time. Others’? have suggested that 
displacement of the miogeoclinal rocks was to the north-west. 
Whether or not the Caborca rocks were once adjacent to the 
southern Great Basin/Mojave Desert, the carbonate—quartzite 
terrane of the desert ranges (Fig. 1, terrane VI) is now separated 
from the western edge of the Caborca terrane by more than 
300 km across the northern Gulf of California rhombochasm. 
The sense of motion and distance agree with independent 
evidence for plate boundary separation across the Gulf*>**. 
Palacomagnetic studies, however, suggest that northern Baja 
California was much further south relative to the rest of North 
America at the time of Cretaceous granitic intrusion’®°, 
Resolution of these palaeogeographic arguments is not yet 
possible. The Lower Ordovician carbonate—quartzite rocks of 
San Marcos, Baja California must be taken into account in 
reconstruction of displaced terranes along the western margin of 
North America during the past 100 Myr. 

We thank E. Frost for helpful suggestions and discussions and 
G. Peterson for editorial suggestions. Grants from the National 
Geographic Society and San Diego State University provided 
funds for some of this research. 
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The phenomenon of musth in male Asian elephants, Elephas 
maximus, has long been recognized’. Musth, which has been 
likened to rutting behaviour in ungulates’, refers to a set of 
physical and behavioural characteristics displayed periodically 
by adult male elephants. The most obvious manifestations are a 
sharp rise in aggressive behaviour, copious secretions from and 
enlargement of the temporal glands, and the continuous dis- 
charge of urine’. It has been speculated that a similar 
phenomenon occurs in males of the African genus, Loxodonta 
africana, but most workers have concluded that it does not 
exist*”. Here we show that musth does occur in the African 
elephant and that its manifestations are similar to those in the 
Asian elephant. 

Musth, well documented in the domestic and wild Asian 
elephant***”, is confined to post-pubertal males, is accom- 
panied by high testosterone levels*, and usually lasts for 2-3 
months, with a range of several weeks to 9 months’. Individual 
males tend to come into musth annually or biannually, but 
unlike the seasonal rutting of most ungulates, musth periods are 
unsynchronized and occur throughout the year, with usually 
only one male in musth at a time’. In wild populations males in 
musth show a positive association with female herds’, 

The most important indicator of musth in the Asian elephant 
is the onset of secretion from the temporal glands, which, with 
rare exceptions, occurs only in males in this condition*”. In the 
African genus, however, temporal gland secretions of short 
duration often occur in both immature and mature elephants of 
both sexes. Previous studies have shown that there is no rela- 
tionship between such secretions and sexual activity*®. It is 
perhaps for this reason that many workers have concluded that 
musth does not occur in the African elephant. 

The discussion of musth has been further confused by the 
incorrect use of the term, which in Africa is often applied to 
temporal gland secretions alone, rather than to the behavioural 
and physiological syndrome originally intended in Asia. Thus 
males, females and juveniles are often referred to as ‘having 
musth’ when they are observed with temporal gland secretions. 
To avoid such confusion we use the term ‘musth’ in its original 
sense and the term ‘temporin’ as used by Sikes’ to refer to 
secretions from the temporal glands. 

We have made continuous observations on male African 
elephants since September 1975, as part of a long-term study of 
the elephant population in Amboseli National Park, Kenya. The 
Park covers an area of 390 km? and consists of semi-arid 
wooded, bushed and open grassland interspersed with a series of 
permanent swamps. The surrounding area, making up an 
ecosystem of ~ 3,500 km’, is semi-arid savannah in which water 
availability is highly seasonal'’. This ecosystem is inhabited by a 
free-ranging population of elephants numbering 580 individu- 
als, of which ~ 155 are adult males. All adults of both sexes and 
most juveniles are known individually. 

During the 5 years of data collection, we observed a pattern of 
characteristics displayed by the older males (those estimated as 
being >30 years) in the population. We first noticed individuals 
with continuously dripping urine, which was accompanied by a 
strong odour and greenish coloration to the proximal part of the 
penis and the distal part of the sheath. We referred to this as the 
‘green penis syndrome’ or ‘GP’. GP in bulls was recorded 
whenever it was observed together with other accompanying 
characteristics, which included a pronounced enlargement of 
and continuous and copious secretions from the temporal 
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Fig.1. The minimum duration and degree of periodicity of musth 
in seven males for the years 1976-1980. The vertical lines indicate 
the first and last days that the bull was observed to be in musth. 


glands, an increase in aggression, and a positive association with 
female herds. The occurrence of these characteristics, their 
frequency, duration and association are examined here for seven 
large bulls in the population for which we have at least 3 years of 
data. 

The coincidence of copious temporin and GP was pronounced 
in the seven bulls = 84.58, d.f.= 1, P<0.001). There was 
also a positive correlation between the occurrence of the 
secretion of both temporin and urine (GP) and the amount of 
aggressive behaviour shown by these bulls. For each of the seven 
bulls, we examined the rate of aggressive interactions during 
secreting and non-secreting periods and found a significant 
increase in aggression among all bulls who were secreting (Wil- 
coxon matched-pairs test: T=0, n= 7, P<0.01). In addition 
there was a positive. correlation between GP and association 
with female herds. When the bulls were seen with females, GP 
was observed in 93% of the sightings (n = 123), whereas when 
they were in groups of bulls alone, GP was observed in only 11% 
of the sightings (n = 83). GP is thus strongly correlated with the 
association of males with females (y? = 141.29, df.=2, P< 
0.001). 

An examination of the records of frequency and duration of 
the described characteristics in the seven bulls reveals an 
individual periodicity which is variable (Fig. 1). Five of the bulls 
exhibited the characteristics once each year, one twice (M28), 
and another three times (M41). For some males (M126, M22, 
M44 and M13), the onset of the phenomenon is fairly consistent 
from one year to the next, whereas for others (M117, M28 and 
M41) there is no clear pattern. For all bulls observed exhibiting 
the characteristics at some point in the study (n = 18), the range 
of duration was from 1 to 103 days. 





The similarity between the physical and behavioural charac- 
teristics shown periodically by African male elephants and those 
described as musth for Asian males leads us to conclude that 
musth does occur in the African genus. Several factors have 
probably contributed to the fact that musth has been overlooked 
in the African elephant. In wild populations the presence of 
temporin in both sexes confused the issue and without long-term 
records on individually known males musth was not detected. 
Among captive African males, there are few individuais > 30 
years old, because large adults are difficult to handle, thus most 
would not be old enough to come into musth. 

Recent evidence from our study reveals that bulls in musth 
become sexually more active and achieve a higher dominance 
rank than at other times, and that musth males are significantly 
more often in consort relations with oestrous females than ar¢ 
non-musth males. Thus musth may play a part in an individual's 
reproductive success. Further investigations by J.H.P. are 
examining the behavioural and ecological factors that determine 
the age and rank at which males initially come into musth, the 
timing and duration of musth periods, and how these consid- 
erations relate to reproductive success. 

We thank H. Croze, A. Hill, R. Malpas and D. Western for 
reading the manuscript and making helpful suggestions, the 
Wildlife Conservation and Management Department and Office 
of the President of Kenya for making the research possible, and 
wardens Joe Kioko and Bob Oguya for their assistance in 
Amboseli. Financial support was provided by the African 
Wildlife Leadership Foundation, the New York Zoological 
Society and Smith College. 
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An early event in the formation of neuromuscular junctions in 
tissue cultures of neurones and muscle cells is an accumulation 
of acetylcholine receptors (AChRs) in the postsynaptic 
membrane, As well as direct neuronal contact, ACHR cluster 
formation can also be induced by certain soluble factors extrac- 
ted or released from neurones**, by isolated basal lamina 
material’ or by a piece of degenerating nerve’. These experi- 
ments suggest that certain ‘trophic factors’ released by the 
neurones or the neuronal cell surface itself may cause. the 
receptor clustering. On the other hand, stable ACHR clusters are 
also present in pure muscle cultures without neuronal 
influence’****, which indicates that an interaction the 
muscle and an ae cue pre on the substrat e: 








clusters form specifically at the coni 
beads. Furthermore, these beads 
formed in the non-contact area before > Introd 

beads. oo | 
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Table 1 Association of AChR clusters with beads 





Days of AChR clusters (%)* 
bead—muscle Top/edg Bottom No. of clusters No. of cells 
Experiment co-culture Beads + _ + _ scored scored 
A 2 Polylysine 96 3 0 i 283 22 
Uncoated 12 64 0 24 175 22 
Polycarboxylate 6 73 0 21 188 22 
B i Polylysine 87 il 0 2 188 20 
Uncoated 8 66 0 26 135 14 
B 3 Polylysine 91 9 0 0 286 20 
Uncoated 9 73 0 18 225 20 
B 6 Polylysine 94 4 2 0 176 21 
Uncoated 4 60 0 36 109 13 





Experiments A and B were from two separate batches of muscle cultures. To minimize any influence on the formation of ACHR clusters by an 
interaction between neighbouring muscle cells or by factor(s) released by the cells, we plated the cells at extremely low density: 20-30 cells per 
18x 18 mm cover-glass on average. Usually all clusters located on each cell, including its top, edge and bottom, and all cells in each culture were 
scored, Polylysine beads were prepared from uncoated polystyrene latex beads. Polycarboxylate beads were obtained directly from Polysciences 


(surface charge, 0.46 mequiv, COO” per g polymer). 


* AChR clusters located on the top or the edge of the cell, or on the bottom of the cell as judged by the focusing level of the microscope. Each cluster, 
after fluorescence observation, was examined with phase-contrast optics to assess its association with beads by simply turning on the transmitted light 
illuminator without moving the specimen, +, Cluster associated with beads; ~, cluster not associated with beads. 


Muscle cells isolated from Xenopus laevis embryos were 
cultured on coverslips in Steinberg’s solution: 60 mM NaCl, 
0.7mM KCI, 0.4 mM Ca(NO3),, 0.8mM MgSO,, 10mM 
HEPES, pH 7.4, supplemented with 10% L-15 (Leibovitz) 
medium and 1% fetal bovine serum’’*. Positively charged 
beads were made by incubating 1-um polystyrene latex beads 
with 1 mg ml” poly-L-lysine (molecular weight (MW) 1,000- 
4,000; Sigma), dissolved either in distilled water or in phos- 
phate-buffered saline (PBS), overnight at 4°C, then washing 
thoroughly with distilled water or PBS. Uncoated beads were 
used as control. Negatively charged 0.9-~m polycarboxylated 
beads (Polysciences) were also used. Beads of each type were 
suspended in culture medium and applied to separate muscle 
cultures. After incubation for 10-30 min, excess beads were 
washed off and the cultures transferred to fresh medium. All 
three kinds of beads brought into contact with the cells adhered 
strongly to them, even when subjected to repeated washing, as 
shown in Fig. 1. At the stage required, the cultures were labelled 
with tetramethyl rhodamine-conjugated o-bungarotoxin (R- 
BTX), which binds specifically to AChRs''*’®. After washing 
and fixing with 95% ethanol at —20 °C, the culture was mounted 
on a slide with a mixture of polyvinyl alcohol and glycerol and 
examined using a Leitz Orthoplan microscope equipped with an 
epifluorescence illuminator. The location of fluorescent R- 
BTX-bound AChR clusters was correlated with the phase- 
contrast image of the cell and the beads by switching between 
epifluorescence and phase-contrast optics. Fluorescence of 
AChR clusters was completely suppressed when the cultures 
were first incubated with native a-BTX then with R-BTX. 

In 1-week control cultures (without beads), an average of 
eight AChR clusters (0.5 um to >10 um) per cell were ob- 
served. Most of these (60-80%) were observed on the top or 
along the edge of the cell but 20-40% were also observed on the 
bottom of the cell. A class of large clusters similar to the one 
shown in Fig. 2a was observed in ~50% of the cells. These large 
clusters consisted of many smaller AChR aggregates and were 
found predominantly on the bottom of the cell, in contact with 
the substrate. In cultures treated for 1~2 days with uncoated or 
polycarboxylated beads, the distribution of AChR clusters was 
similar to that of the control. There was no significant asso- 
ciation between the beads and the AChR clusters (Fig. 2a—d, 
Table 1A). About 45% of these cultured cells had large bottom- 
located clusters (see Fig. 2a). However, in cultures treated with 
polylysine-coated beads for 1-2 days, almost all AChR clusters 
observed by R-BTX fluorescence were associated with single 
beads or small aggregates of beads which seemed to be in contact 
with the muscle cell. The results of one set of experiments are 
given in Table 1A and representative examples shown in Fig. 
2e-h. It is obvious from Table 1A and B that almost all AChR 


clusters in polylysine bead-treated cultures are located on the 
top or the edge of the cell where the beads come into contact 
with the cell. The absence of AChR clusters on the bottom of the 
cell corresponds well with the absence of beads in that area, from 
which they are excluded by the narrow gap between the cell and 
the substrate. This is in contrast to the control cultures and those 
treated with uncoated or polycarboxylated beads which usually 
show a substantial number of bottom clusters, particularly the 
large type illustrated in Fig, 2a. This indicates that the poly- 
lysine-coated beads not only induce the formation of new AChR 
clusters at bead-muscle contacts but also suppress the pre- 
existing clusters in non-contact areas. 

In these experiments we used a dilute bead concentration to 
reduce the possibility of random association of beads with 
existing receptor clusters. As the size and shape of the muscle 
cells are heterogeneous, the number of bead-muscle contacts 
per cell also shows a wide variation. However, from Fig. 3 it is 
clear that the number of bead~muscle contacts is positively 
correlated with the number of associated AChR clusters, which 
further supports the notion that the beads induce formation of 
new clusters. There were ~30% apparent bead—muscle contacts 
not associated with receptor clusters. Clusters formed around 
single beads were discrete and closely apposed to the beads (Fig. 
2e-h) whereas those formed under an aggregate of beads were 
usually composed of several discrete sub-clusters (Figs 29~h and 
4a-b). 





Fig. 1 Scanning electron micrograph of the association of latex 
beads with muscle cells. Poly-L-lysine-coated beads were used in 
this experiment. Two days after the bead—muscle co-culture, the 
celis were fixed using a mixture of 3% glutaraldehyde and 4% 
tannic acid, followed by post-fixation with 1% OsO,. The pre- 
paration was then dehydrated in a graduated ethanol series, criti- 
cal-point dried through CO4, coated with palladium—platinum on a 
sputter coater and viewed with a JEOL 35C scanning electron 
microscope at an accelerating voltage of 25 kV. The attachment of 
single beads (a) or small aggregates of beads (4) to muscle cells can 
be clearly seen. This bead~muscle association is obviously strong 
enough to withstand the various medium changes during specimen 
preparation. 
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Fig. 2 Relationship between the 
AChR clusters and the bead-muscle 
contacts. The cells were treated with 
latex beads for various time periods 
and the location of AChR clusters 
assayed by labelling with R-BTX 
and fluorescence microscopy after 
fixation with cold 95% ethanol. 
A Leitz Orthoplan microscope 
equipped with a x40 phase-contrast 
objective (na. 13} and an 
epifluorescence illuminator with 
filter cube N2.1 was used. a, c, e and 
g are fluorescence micrographs, b, d, 
f and h the corresponding phase- 
contrast images. a, b, Cells were 
treated with polycarboxylated beads 
for 2 days. In a, the focus was on the 
bottom of the cell in contact with the 
substrate. In this area, the beads are 
excluded. A large AChR cluster, 
composed of many smaller subunits, 
is seen. This type of cluster was 
observed in about 50% of the 
cultures treated with poly- 
carboxylated beads or uncoated 
beads as well as in control cultures 
without beads; b focuses on the 
centre of the cell. c, d, Cells were 
treated with uncoated beads for 2 
days; c focuses on the AChR clusters 
on the top of the cell where the beads 
are also located (d). It is clear that 
the AChR clusters do not bear any 
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particular relationship to the beads. e-h, Cells were treated with poly-L-lysine-coated beads for 1 day (e, f) and 2 days (g, #). In e, most of the 
AChR clusters located on the top and the edge of the cell are found precisely at the bead-muscle contacts. The numbers denate the 
correspondence in location between the fluorescence (e) and phase-contrast (f) images obtained using identical focus. Beads which fall on the 
glass substrate are not associated with fluorescence. In g and A, a larger number of bead-muscle contacts is also associated with a larger umber of 
bead-associated AChR clusters. Both single beads and small aggregates of beads (nos 5, 8-10) can cause ACHR cluster formation. 


Clusters formed shortly after the beads came into contact with 
the muscle cell; even after 6h of bead—muscle co-culture, we 
detected 65% of the clusters already associated with beads. 
Table 1B summarizes the results of a time study using poly- 
lysine-coated and uncoated beads. It shows that almost a full 
effect of the polylysine-coated beads was evident after only 1 
day of bead~muscle co-culture. The receptor clusters formed at 
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Fig. 3 Correlation between the number of ACHR clusters asso- 

ciated with polylysine-coated beads and the number of bead- 

muscle contacts on individual cells. Each of the 20 cells scored is 

represented by a black circle. The number of bead-associated 

AChR clusters increases approximately linearly with the number 
of bead—muscle contacts. 


the contacts seemed to be stable for at least the 6 days of this 
study. No R-BTX fluorescence was ever detected when beads 
came into contact with the culture substrate (Fig. Ze- or 
non-muscle cells (Fig. 4c—d). 

These results indicate that the effect of polylysine-coated 
beads is very similar to that of nerve innervation, During the 
formation of a neuromuscular synapse in vitro, the nerve induces 
AChR cluster formation at the innervated site and suppresses 
pre-existing clusters in non-innervated areas’. Our data indicate 
that a localized interaction between the muscle surface and 
polylysine-coated beads can trigger the mechanism for the 
formation of AChR clusters. This process may be mediated by 
the positive charge on the surface of the beads, a chemical 
interaction between the polylysine molecules and the cell sur- 
face, or even certain factor(s) from the culture medium adsorbed 
onto the positively charged beads. Further experiments are 
being done to investigate these possibilities. 

We have repeated the above experiments using larger (6 wm) 
polylysine-coated beads, which make larger contacts with the 
muscle cells and the resultant AChR clusters are also larger, but 
each cluster is still located within the confines of the contact 
area. This further indicates that a local cell~bead interaction 
triggers the clustering of AChRs. Although latex beads are 
known to be phagocytosed by certain cultured cells, for exam 
ple, macrophages'’, recent electron microscopic tEM) studies 
(H.B.P., P.-C.C. and P.W.L., in preparation) giveno evidence of 
this in cultured muscle cells. Albo in our scanning electron 
micrographs (Fig. 1), beads were always seen on the cell surface 
and no intermediate stages of phagocytosis were abserved. We 
have found that the bead-induced ACHR clusters are accom 
panied by membrane-associated cytoplasmic de sities in thin 
sections and clusters of large intramembranous par icles 
freeze-fracture replicas, which are also characteristic 
taneously formed AChR clusters’. Closely related to our 

















834 


Nature Vol. 292 27 August 1981 








Fig. 4 a, b, AChR clusters formed at the bead~muscle contacts 

shown at a higher magnification than in Fig. 2. The small subunits in 

a cluster associated with multiple beads are obvious. c, d, The 

contact area between the bead and the non-muscle cell is not 

associated with any R-BTX fluorescence. a, c, R-BTX fluorescent 

images; b, d, phase-contrast images. These two cells were from the 
same culture and thus received the same treatment. 


observation is the finding™ that neurites in cell cultures of rat 
cerebellum can form apparent presynaptic elements, including 
dense material and accumulation of synaptic vesicles, at their 
contacts with positively charged Sepharose beads. Thus a sur- 
face interaction between the neurite and the target cell may 
trigger the formation and registration of both the pre- and 
postsynaptic specialization during the initial stages of synap- 
togenesis. 

This work was supported by the USPHS and Muscular 
Dystrophy Association of America. 
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Animals raised in a stroboscopically illuminated environment 
have deficits in several visual functions, including visuo-motor 
integration’, discrimination learning’ and spatial contrast 
sensitivity’. Moreover, recordings from the visual pathways of 
strobe-reared animals show severe functional abnormalities, 
including greatly reduced selectivity for orientation and for 
directional motion in neurones of the visual cortex and superior 
collicalus*”. Subsequent normal visual experience improves 
cortical orientation selectivity, but does not alter the neural 
deficit in direction selectivity®’. As the motion-analysing 
capacities of strobe-reared animals have not been studied, we 
examined the ability of strobe-reared cats to discriminate sta- 
tionary from moving patterns. We report here that the cats 
detected motion in the direction for which they had originally 
been trained much better than motion in other directions. In 
recordings from striate cortex in these animals, orientation and 
direction-selective neurones were encountered with a frequency 
much higher than that seen in strobe-reared cats not trained in 
motion discrimination, and comparable with that in normal cats. 
Moreover, the distribution of the preferred directions of these 
neurones was sharply biased towards the direction first seen in 
training. We conclude that there exists an extended period of 
cortical plasticity in strobe-reared animals, which, in contrast to 
that previously reported‘, includes plasticity of direction selec- 
tivity. 


We carried out behavioural tests on five cats; two were reared 
from birth to the age of at least 14 months in a room illuminated 
for 12 h each day with a stroboscopic flash of 3 us duration at a 
rate of 0.67 Hz, and two were raised normally. One was raised in 
an environment intermittently illuminated with a flash of light 
750 ms in duration at 0.67 Hz; the luminance of this flash was 
adjusted so that normal adult cats could resolve fine detail in this 
illumination as well as they could in the stroboscopic illumina- 
tion. Behavioural testing began no less than 4 months after the 
animals were removed from their rearing environment. 

The cats were trained to discriminate stationary from moving 
random-dot patterns using a forced-choice procedure based on 
that developed by Berkley’; our modification of this method 
has been described in detail elsewhere''. The animals were 
trained to indicate which stimulus moved by pressing with their 
noses on one of two transparent panels through which they 
viewed the stimuli. Each stimulus consisted of a sheet of 400 
bright dots, each 0.5° in diameter, on a dark background; the 
sheet subtended 22° at a viewing distance of 30 cm. Most of the 
energy in the pattern was concentrated at spatial frequencies 
below 1c/deg, which are visible to strobe-reared cats’. 

During the initial training, the stimulus always moved to the 
right at 44°s~'; after 12-30 days, with 200 trials per day, all cats 
satisfactorily discriminated between this stimulus and the sta- 
tionary one. Strobe-reared cats were no slower in acquiring this 
discrimination than control cats. We next measured the lowest 
detectable speed using the method of constant stimuli. In each 
session five speeds were chosen to bracket threshold, and were 
presented randomly in blocks of five trials. Threshold was taken 
as the point at which resulting psychometric functions produced 
75% correct performance. 

The motion thresholds of the control cats improved over 
several months of testing from an initial value between 8 and 
11°s"' to an asymptotic value between 0.9 and 1.5°s"'. The 
initial thresholds of the strobe-reared cats were high in 
comparison (between 17 and 25°s”'); after prolonged testing 
(~8 months during which the animals received ~18h of 
exposure to moving dots) the thresholds stabilized near 3°s™’, 
2-3 times higher than those of control cats. 

In all tests described above, rightward motion was used. We 
next examined the transfer of this training to other directions. 
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Fig.1 Polar diagrams showing the speed sensitivity of control and 
strobe-reared cats to motion in eight directions. Each bar plots the 
inverse of the speed required for 75% correct performance on a 
two-choice discrimination between a stationary and a moving 
random-dot field. The bars in each case are normalized so that 
sensitivity to rightward motion is given a value of 1. Data are shown 
for two normal cats (3 and 35), one cat raised in an intermittently 
illuminated environment (42, see text) and two cats raised in a 
stroboscopically illuminated environment (12 and 18). Their actual 
thresholds for rightward motion were 0.9, 1.2, 2.0, 2.0 and 4.4° s~ 

respectively. A repeated measures analysis of variance showed that 
none of the control animals was significantly better at motion 
discrimination in any particular direction (P > 0.05). However, 
both strobe cats were significantly more sensitive to motion within 

45° of rightward than they were to other directions (P < 0.05). 


On each day, the threshold for one direction was tested. Over 
several days, an irregular sequence of eight directions, evenly 
spaced around 360°, was presented. Figure 1 shows the sensi- 
tivity of each of the five cats to motion as a function of the 
direction tested. In each polar diagram, the length of bar 
represents the inverse of the speed threshold for a particular 
direction of motion; the values are normalized with respect to 
the cat’s sensitivity to rightward motion, which is given a value of 
1. The control cats had a similar sensitivity in all test directions, 
whereas the strobe-reared animals were much more sensitive to 
rightward motion than they were to motion in directions more 
than 45° from this, the initial direction of training. The high 
thresholds for directions for which no training had been given 
remained stable over 7 months of further training, in which 
stimuli moved upwards, downwards and to the left, and did not 
improve as the initial high thresholds for rightward motion had 
done earlier. Note also that this deficit did not represent a simple 
failure to generalize from one direction to another, as the 
strobe-reared cats were capable of discriminating motion in all 
directions, yielding stable psychometric functions of normal 
slope; it was simply that when tested with rightward motion, 
they required only low stimulus speeds compared with those 
required for detection of motion in other directions. 








The peculiar sensitivity of these strobe-reared cats to right- 
ward motion led us to examine the orientation and direction 
selectivity of striate cortical units, using methods described 
elsewhere’. Control data were obtained from six other adult 
strobe-reared cats that had received comparable periods of 
normal visual experience but had not been trained. to dis- 
criminate motion, and from seven normally reared adult cats. 
Animals were prepared for electrophysiology using barbiturate 
anaesthesia (Pentothal); they were then paralysed with Plaxedil 
and artificially ventilated with 80% N,O in O, and COQ,. Their 
corneas were covered with contact lenses containing 4-mm 
artificial pupils, and supplementary lenses were used to focus the 
eyes on ascreen 72 cm distant. Single cortical units were isolated 
using tungsten microelectrodes, and their activity amplified and 
displayed. We studied the properties of 88 and 87 units in the 
two strobe-reared animals, in each case drawing our samples 
equally from long medially directed penetrations in the two 
hemispheres. For comparison, we made recordings of 183 units 
from normal cats. All units were histologically verified to lie in 
area 17. 

Receptive fields were mapped on a tangent screen using bars, 
edges and spots of light, and classified according to the scheme of 
Hubel and Wiesel? as modified by Blakemore and Van 
Sluyters'*, No quantitative response measures were used but we 
paid careful attention to the orientation and direction selectivity 
of each neurone. Cells were classified as orientation: selective 
(OS), orientation biased (OB), or not oriented (NO) using 
criteria described elsewhere'*. Cells were direction selective 
(DS) if they responded markedly better to one of the two 
directions of motion of an optimally oriented stimulus, direction 
biased (DB) if they responded discriminably better to one 
direction than the other, and not directional (ND) if there was no 
difference in the responses to the two directions. 

The data from the two cats trained to discriminate motion 
were generally similar to those from normal cats, and differed 
markedly from those of other strobe-reared animals studied by 
us and others*”"'*. Table 1 lists the proportions of OS and OB 
neurones in the three groups of cats, and the proportions of 
those in each of the three classes of direction sensitivity, While 
strobe-reared cats given a period of normal visual experience 
showed abnormally low proportions of orientation- and direc- 
tion-sensitive neurones (62% and 35% respectively), both 
motion-trained animals had roughly normal proportions of 
selective cells: in our sample, 93% of neurones were classified as 
OS or OB; of these 65% were either DS or DB. By comparison, 
99% of neurones in normal cats were orientation sensitive, and 
74% of these were DS or DB. 

While cells preferring all orientations were direction selective 
in the motion-trained cats, there was a marked bias in the 


Strobe 
(motion) 


Strobe 
{no motion) 


Normal 





Fig. 2 Polar histograms showing the distributions of direction 
preference for cortical neurones showing direction sensitivity in 
three groups of cats: normal; strobe-reared but not motion- 
trained; and strobe-reared and trained in motion discrimination 
(cats 12 and 18 from Fig. 1). The histograms show the percentage of 
the total population of cortical neurones in each group that prefer- 
red directions in the ranges indicated. The results are based oan 
totals of 192 cells from seven normal cats, 183 from six strobe- 
reared cats not trained in motion discrimination, and 175 cells from 
two strobe-reared cats trained in motion discrimination using 
rightward motion. The distributions of direction į 
similar in the two motion-trained cats: 21% of a! 
17.5% in cat 12 preferred rightward motion, where 
cells in cat 18 and 2% in cat 12 responded preferentially t 
motion, 
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Table 1 Proportion of orientation- and direction-sensitive neurones 








All cells OS and OB cells 
Experimental group Cells %OS %OB %DS %DB %ND 
Normal cats 192 90 9 42 32 26 
Strobe cats (not motion- 183 40 22 12 23 65 
trained) 
Strobe cats (motion- 175 91 2 32 33 35 
trained) 





distribution of direction selectivity. This is shown in Fig. 2, which 
gives the direction preferences of cortical units from the three 
groups of cats. In the two motion-trained cats, 59 units had 
preferred orientations within 22. 5° of vertical: of these 40 (68%) 
showed a direction preference, with 34 of the 40 (85%) prefer- 
ring movement to the right and only six (15%) preferring 
movement to the left. In these cats, 89 cells were both direction 
selective and preferred orientations within 67.5° of vertical; 62 
of these (70%) preferred the direction having a rightward 
component; only 27 (30%) preferred motion with a leftward 
component. By comparison, among the 70 direction-sensitive 
cells preferring orientations within 67.5° of horizontal, 36 (51%) 
preferred motion with an upward component and 34 (49%) 
preferred motion with a downward component. Neither the 
direction-sensitive neurones from normai cats nor the few such 
neurones from strobe-reared cats not motion-trained showed 
any significant anisotropy in the distributions of their preferred 
directions. 

Thus in two adult strobe-reared cats trained extensively to 
discriminate motion, we found both recovery of motion detec- 
tion performance and recovery of cortical direction selectivity. 
This confirms previous suggestions®'®'’ that in strobe- and 
dark-reared cats it is possible to demonstrate a period of cortical 
plasticity that extends beyond the traditional ‘sensitive period’ 
for cortical development. Our results are unusual in that they 
suggest that this extended plasticity, which does not normally 
include direction selectivity, may do so if animals are pref- 
erentially exposed to moving stimuli. 

Also interesting is our finding of a bias towards the initially 
trained direction in both the psychophysical motion sensitivity 
and the directional preferences of cortical neurones in these 
cats. Cortical direction selectivity can be biased in young kittens 
exposed to a restricted range of directions of motion'*?°, but 
these changes have only been shown to occur during a restricted 
period in early life that ends well before the period of sensitivity 
to the effects of monocular occlusion?’**. Our data show that a 
qualitatively and quantitatively similar effect may be seen in 
adult strobe-reared cats exposed to a motion-biased environ- 
ment. The magnitude of the effects is similar to those reported 
elsewhere for young animals, which is surprising in view of the 
fact that our animals received 4 months of normal vision before 
training and received 12 h per day of concurrent unbiased visual 
stimulation. In our experiments the cats were required to attend 
to the moving stimuli to obtain behavioural reward, which may 
have rendered those stimuli in some way more potent modifiers 
of cortical function. 

This work was supported by NIH grants EY 1875 and EY 
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Career Development Award from NIH (EY 187). We thank 
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Biochemical and immunological differences have been demon- 
strated in intermediate-sized (or 10-nm) filaments (IFs) from a 
variety of cell types (for reviews see refs 1-4). Neurofilaments, 
the IFs of neurones (NIF), are composed of three proteins that 
differ from those of non-neuronal IFs", Yet, in the 2-day-old 
chick neural tube, virtually all the replicating neuroepithelial 
cells, the precursor population to spinal cord neurones and glia, 
contain IF proteins that are immunologically and biochemically 
identical to the major IF protein present in chick fibroblasts, FIF 
protein (vimentin’’, decamin’‘); they contain neither NIF pro- 
teins nor the IF proteins characteristic of astrocytes (glial fibril- 
lary acidic protein'*’*), muscle cells (desmin’’, skeletin’*) and 
epithelial cells (prekeratin’?°)"". As the neuronal progeny of 
these cells mature, they synthesize NIF proteins and cease 
expression of FIF protein’®”’. In this study, we have used 
antisera against different IF proteins to show that, at a time when 
neurones are withdrawing from the cell cycle, NIF proteins are 
present in a small percentage of replicating neuroepithelial cells, 
probably appearing during the terminal cell cycle of the 
neuronal precursor; and that for a brief period the postmitotic 
neuroblast expresses both NIF and FIF proteins. 

Our findings are based on immunofluorescent localization of 
IF proteins using previously characterized antisera against FIF 
protein”***, the 180,000-molecular weight (MW)'°?' and 
70,000-MW”’ NIF proteins, and IF proteins characteristic of 
astrocytes?! and muscle cells***. Cryostat sections were taken 
primarily from the brachial region of the embryonic chick neural 
tube, although more rostral regions of the nervous system were 
also observed. Two stages of embryonic development were 
examined: Hamburger and Hamilton’s”* stage 13 (48-52 h of 
incubation), before significant neuronal birth, and stage 18 (3 
days of incubation), when many neurones are withdrawing from 
the cell cycle*®”’, Both stage 13 and 18 embryos were treated 
with demecolcine for 4h before they were killed, as described 
elsewhere”'. 

Before neuronal birth, the cells of the neural tube form a 
pseudostratified columnar epithelium—the neuroepithelium. 
They are a population of replicating cells that contain the 
precursors to neurones, glial cells and ependymal cells. During 
mitosis the cells lose their basal attachment to the external 
limiting membrane, assume a round shape adjacent to the 
neurocoel and undergo cytokinesis (see ref. 28). Treatment of 
the embyro with demecolcine arrests mitotic cells in metaphase 
and causes the IFs to aggregate and form a cable, or ring, around 
the cell’s condensed chromatin. The IF in interphase cells also 
aggregate into cables in the presence of demecolcine, but these 
cells do not lose their bipolar shape and the IF cables are 
predominantly located in the basal processes. In this manner, 
treatment with demecolcine facilitates detection of small 
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Fig. 1 Two exposures.of @ single microscopic field in a transverse 
section through thé neural tube of a demecolcine-treated stage 13 
embryo after staining with a, the fluorescent chromosome stain 
Bisbenzamid-H (Hoechst, H3325), and 4, antiserum to FIF pro- 
tein, localized by indirect immunofluorescence with a rhodamine- 
conjugated secondary antibody. Tissue preparation and 
immunofluorescence were performed as previously described”’. 
Appropriate microscope filters allow separate visualization of the 
bisbenzimide and rhodamine. The metaphase cells appear as 
brightly staining areas of condensed chromatin (arrows in a). 
Associated with each of the metaphase cells is a ring labelled with 
anti-FIF (corresponding arrows in $), x140. 


amounts of IF proteins by immunofluorescence, and also allows 
the unambiguous association of IF aggregates with a specific 
metaphase cell. As we reported previously’, virtually all the 
metaphase cells in the stage 13 neural tube have FIF cables (Fig. 
1), as determined by a fluorescent chromosome stain combined 
with immunofluorescent labelling using antiserum to FIF pro- 
tein. None of these cables bind antibodies against the 70,000- or 
180,000-NIF proteins, or the IF proteins characteristic of 
astrocytes or muscle cells. 

In the stage 18 neural tube, as in stage 13, almost all (~ 98%) 
the metaphase cells contain FIF cables. Unlike stage 13, 
however, some cells contain cables that bind antibodies to the 
70,000- and 180,000-MW NIF proteins. Interphase nuclei 
positioned in the developing mantle layer have NIF-positive 
processes, presumably representing axonal formation and NIF 
synthesis in postmitotic neuroblasts. In addition, we were 
surprised to find that a small percentage (~ 0.75%) of the 
metaphase cells surrounding the neurocoel also have NIF- 
positive rings (Fig. 2) and must therefore represent cells that 
have initiated synthesis of NIF before terminal mitosis. 
Furthermore, outside the neural tube, a population of cells in the 
vicinity of the otic vesicle is remarkable in that it has a high 
percentage of metaphase cells with NIF-positive rings (Fig. 3). 

Double labelling of sections using antibodies against FIF and 
NIF shows that metaphase cells with NIF cables also contain 
FIF, although not always in the same distribution (Fig. 4a, 6). 
Similarly, NIF-positive cables associated with interphase nuclei 
in the ventricular zone also have FIF (Fig. 4c, d). While some 
neuronal processes in the marginal layer of the stage 18 neural 
tube stain with both anti-NIF and anti-FIF, others bind only 
anti-NIF. At later stages all neuronal processes have no FIF and 
contain only NIF”, 

These findings indicate a definite pattern of IF protein 
expression during neurogenesis in the spinal cord: (1) replicating 
neuroepithelial cells contain only FIF protein until the terminal 
cell cycle; (2) immediately before the final division the neuronal 
precursor cell begins to synthesize NIF proteins; (3) the post- 
mitotic neuroblast expresses both NIF and FIF for a short 
period; and (4) with neuronal maturation, FIF expression ceases 
and only NIF proteins are detectable 7, 

The absence of NIF at embryonic stages before neuronal birth 
and the de novo appearance of NIF in replicating cells at a stage 
when neurones are withdrawing from the cell cycle indicates that 
the neuronal precursor cell initiates NIF synthesis during its 
terminal cell cycle. In this regard, molecular expression of 
neuronal differentiation occurs at least by the final $/G2 period 
of the precursor cell. This is consistent with the appearance of 








Fig.2 Each pair of photographs shows one microscopic field of a 
section from a demecolcine-treated stage 18 neural tube stained 
with bisbenzimide (a, c) and antibodies to the 70,000-MW WIFE 
protein (b, d). a, b, Interphase nuclei in the developing mantle 1. 
layer (arrows) have associated NIF-containing processes. A 
metaphase cell (arrowhead) adjacent to the neurocoel has an 
NIF-positive ring lying perpendicular to the plane of section. NIP 
proteins are also associated with an interphase cell further from the 
neurocoel, * 280. c, d, Arrow indicates a metaphase cell adjacent 
to the neurocoel with an associated NIF-positive ring. Note that 
many metaphase cells do not have NIF-positive rings. x 840, 


argentophilic filaments in replicating cells of the embryonic 
chick retina”. In the central nervous system, in contrast to NIFE 
proteins, other ‘markers’ of neuronal differentiation appear only 
in postmitotic neurones. Gui ganglioside” , heurone-specific 
enolase? and adrenergic characteristics’ are not found in 
replicating neuronal precursors. However, replicating precursor 
cells of sympathetic neurones exhibit several characteristics of 
adrenergic neurones (that is, formaldehyde-induced fuores- 
cence, dense-core vesicles and noradrenaline uptake) 7, 
suggesting that neuronal precursors derived from neural crest 
might express neuronal properties for one or more generations 
before the terminal cell cycle. In this regard, the high percentage 
of replicating cells with NIF cables in the vicinity of the otic 
vesicle may indicate that some neuronal precursor populations 










Fig.3 A transverse section through a region postero- 
otic vesicle from a demecolcine-treated pape iB em 


associated NIF-positive rings. The pee mitoni 
correspond to the numbered tings in d «380, 
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Fig.4 Photographs of a demecolcine-treated stage 18 neural tube 
that has been double labelled with antibodies to FIF protein (a, c) 
and antibodies to either the 180,000-MW NIF protein (6) or the 
70,000-MW NIF protein (d). a, b, Although most cells contain FIF, 
one (arrow) apparently has two cables, one mixed FIF and NIF 
cable and one pure FIF cable. x 560. c, d, Again, most cells contain 
FIF, but one cell migrating through the ventricular zone contains 
both NIF and FIF (arrow). x 840. 


synthesize NIF for several generations. Alternatively, these cells 
may represent a neuronal population synchronously undergoing 
their terminal mitosis. Although the origin and fate of these cells 
remains to be determined, it is possible that they are derived 
from neural crest. 

Finally, it is worth stressing that the early appearance of NIF 
reported here may represent a developmental sequence restric- 
ted to only certain types of neurones and may not apply to all 
neurones of the nervous system. Preliminary results indicate 
that for certain neuronal populations NIF expression follows, 
rather than precedes, the terminal mitosis, Further studies on 
NIF expression in different types of neurones are needed to 
understand the role of these proteins in development. 
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After binding to specific membrane receptors of target neurones 
and responsive phaeochromocytoma cells, nerve growth factor 
(NGF) is internalized and accumulated in the perikaryon within 
membrane-confined compartments (H. Rohrer et al., unpub- 
lished observation, and refs 1-5). Although quantitative elec- 
tron microscopic autoradiography and ultrahistochemical stu- 
dies gave no evidence for further movement of NGF'?**, it was 
claimed on the basis of light microscopy of PC12 cells (ref. 6 and 
P.C. Marchisio, personal communication) that some of the NGF 
taken up by the cell reaches the free cytoplasm and subsequently 
the nucleus where it would exert a physiological effect. We 
report here that the direct introduction of NGF into the free 
cytoplasm of phaeochromocytoma cells by fusion with NGF- 
loaded erythrocyte ghosts does not induce fibre outgrowth, in 
contrast to the normal response of these cells seen when NGF is 
added to the culture medium. Correspondingly, NGF antibodies 
introduced into the cytoplasm do not prevent fibre outgrowth 
evoked by NGF added to the culture medium. Thus, the binding 
of NGF to its receptor must result in the production of a second 
messenger either from the cell surface or after internalization 
from an intracellular compartment”. 

Guinea pig erythrocyte ghosts loaded with NGF or NGF 
antibodies (see Fig. 2 legend) served as vehicles for injecting 
these molecules into the cytoplasm of NGF target cells through 
cell fusion. The target cells were a line of PC12 phaeo- 
chromocytoma cells which reacted rapidly to NGF with an 
increase in choline acetyltransferase and induction of fibre 
outgrowth which occurred in 50-70% of single cells within 48 h. 
In addition to NGF or NGF antibodies, the ghosts were loaded 
simultaneously with two different marker proteins: fluorescein 
isothiocyanate-conjugated bovine serum albumin (FITC-BSA), 
serving as a marker to follow directly the fusion procedure by 
fluorescence microscopy; and horseradish peroxidase (HRP), to 
quantify the number of injected cells in fixed preparations. The 
loading efficiency of the ghosts, that is, the equilibration 
between the concentration in the loading solution (for details, 
see Fig. 2 legend) and the interior of the ghosts, depends on the 
molecular weight (MW) of the protein to be loaded’. Accord- 
ingly, the ‘loading efficiency’ for ‘I-labeled NGF 
(MW 26,000) was 100%, whereas that for purified anti- NGF 
IgG antibodies (MW 150,000) was only 30%. The biological 
activity of NGF or NGF antibodies in the ghosts was tested by 
their ability either to induce fibre outgrowth or antagonize 
NGF-induced fibre outgrowth, respectively in PC12 cells. On 
the average, one loaded ghost contained about 44,000 mole- 
cules of NGF or a quantity of NGF antibodies able to neutralize 
about 26,000 molecules of NGF. Fusion of ghosts with target 
cells was performed in sparsely seeded monolayer cultures of the 
latter. In principle, we followed the fusion procedure of Schlegel 
etal.’° with the modifications specified in Fig. 2 legend. The low 
temperature (4 °C) used reduced general cell damage during the 
5-min exposure to polyethylene glycol (PEG). After fusion, the 
cells were kept in regular tissue culture conditions at 37°C. 
Ghosts which had not fused detached from the cells during the 
next 6-12 h. 
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Fig. 1 Phase contrast (a), bright field (b) (same cell) and electron microscopic (c) photographs of fast-responding PC12 cells injected with HRP, FITC-BSA and 
NGF. The injection procedure is described in detail in Fig. 2 legend. The cells were grown in the presence of 50 ng ml”! NGF. The HRP reaction product’ is evenly 
distributed over the whole cell cytoplasm as well as the nucleus. The equal distribution of HRP in the free cytoplasm and the nuclear chromatin becomes impressively 


apparent in ¢ which depicts neighbouring injected (top) and non-injected (bottom) cells. a, b, x220; ¢, x5,055, 


Fig.2 Effect of the injection of mouse NGF (a) or NGF antibodies (5) into 
PC12 cells. The loading procedure of the ghosts was essentially that of 
Yamaizumi eral.’ a, Guinea pig erythrocytes were equilibrated in 0.5 ml of 
‘reverse phosphate-buffered saline (PBS) (‘loading solution’) containing 
10 ug NGF, 0.3 mg HRP and 10 mg FITC-BSA (FITC/BSA = 2.4 in terms 
of molecules). The resulting ghosts were washed four times in Ca/Mg-free 
PBS (PBS-CMF: 8 gl”! NaCl, 0.4g1°? KCI, 300 mg 17! KH,PO,, 45 mg!" 
Na,HPO,+7H,0, 1 gl”? glucose, 20 g1”* sucrose) and were finally resus- 
pended at 10% (v/v) in the same buffer. The number of NGF molecules per 
ghost was determined by adding tracer quantities of '*°1-NGF (prepared by 
the lactoperoxidase method'”) to the loading solution. For electron-micro- 
scopic autoradiography 296 pCi of '™I-NGF (178 x 10° c.p.m. per ng) was 
used. The calculation of the Joading efficiency was based on an average 
volume of 90 wm? for guinea pig erythrocytes””. Four days before the fusion 
experiments 30,000 ‘fast-reacting PC12' cells were plated on 35-mm poly- 
ornithine-coated dishes and cells were then incubated in Dulbecco's minimal 
essential medium (DMEM) containing 10% heat-inactivated horse serum 
and 5% heat-inactivated fetal calf serum. Cells were washed first with 
PBS-CMF, then with PBS-CMF containing 130yg ml” phyto- 
haemagglutinin type V(Sigma), and finally 50 pl of ghost suspension (2%, 
v/v) corresponding to 1.2107 ghosts were added to the cultures. After 
A-Smin at 37°C another 25 pl (0.6 x 10’ ghosts) of the suspension were 
added and the cultures kept for 3-5 min at 37 °C, Plates were then washed 
carefully with 1 mi PBS-CMF and placed in a refrigerator (4 °C) for 2-3 min. 
Thereafter, 100 ul of ice-cold PEG 4000 (Roth, 45% (w/v) in PBS-CMF 
was added and cells were left at 4°C for 5min. PEG treatment was 
terminated by addition of 1m! DMEM (containing Ca**, Mg**). After 
15-45 min at 37 °C the medium was changed to normal medium with serum. 
After 8-12 h (taken as time 0) the medium was changed and cells incubated 
in the presence of either 50 ng mi”! of NGF (curves I, I) or NGF antibodies 
{curves II, IV}. The amount of NGF antibodies used was sufficient to 
neutralize all the NGF added previously to the cultures in loaded ghosts. At 
the times indicated cultures were fixed (2.5% glutaraldehyde, 20 min) and 
stained for HRP (30 min 0.03% diaminobenzidine, 2 h 0.03% diaminoben- 
zidine plus 0.01% H,O,)'*. Randomly chosen regions of the plate were 
scored for fibre outgrowth (positive score for fibres =20 pm). The percen- 
tage of all the single cells carrying fibres was counted under phase contrast 
(curves I, HT), Subsequently, the injected HRP-positive cells were evaluated 
under bright-field optics (curves II, IV). The number of cells counted per 
point are indicated and the injection frequencies can be directly derived from 
them. 4, The same methods as described for a were used with the following 
modifications. Erythrocytes were loaded in 720 yl of a solution containing 
504 yg affinity-purified NGF antibodies”' (neutralizing 40 pg NGF), 0.4 mg 
HRP and 10 mg FITC-BSA. At time 0 those plates which were subsequently 
incubated with 50 ng ml~' of NGF (curves I, H) were washed with NGF- 
containing medium. Residual NGF antibody activity could be neutralized by 
this procedure. The rest of the plates received normal medium (curves HI, 
IV). Injected cells (curves H, TV) and total cells (curves I, HI) were evaluated 
as described for a. 
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The quantity of '°I-NGF present in the injected cells 
revealed that an average of six ghosts had fused with each cell. 
This high multiplicity is probably because the ghosts tended to 
aggregate with each other and so fusion took place between one 
PC12 cell and an aggregate of fused ghosts. The radioactivity in 
'25].NGF-injected cells decreased gradually over 2 days to 
~30% of the initial value. About 50% of the radioactivity 
remaining after 2 days represented native NGF, as judged from 
its migration in SDS-polyacrylamide gel electrophoresis using a 
15% gel. Thus, the quantity of native NGF present in a single 
injected cell amounts to an average of ~ 44,000 molecules 2 days 
after the injection. In comparison, when PC12 cells are 
incubated for 24 h with 100 ng mI! of '?°I-NGF, the quantity of 
radioactivity accumulated (not corrected for possible degrada- 
tion products) corresponds to ~ 15,000 molecules per cell—one- 
third of the amount of NGF injected. As shown in Fig. 1, the 
injected HRP is evenly distributed throughout the cytoplasm 
and nucleus of the cell. Electron microscopic autoradiography 
performed on the same sections indicated that the '**I-labelled 
NGF, too, was distributed throughout the cell cytoplasm and 
also reached the nucleus. 

The fusion procedure did not influence the NGF-mediated 
fibre outgrowth, that is, the frequency and extent of fibre 
outgrowth from injected cells in response to NGF added to the 
medium is the same as that of non-injected cells (Fig. 2). In those 
experiments where the response of the NGF-injected cells (in 
the absence of NGF in the culture medium) was studied, we 
supplied the medium with NGF antibodies to ensure that any 
NGF originating from leaking ghosts would not reach cell- 
surface NGF receptors. As demonstrated in Fig. 2a, the NGF- 
injected and non-injected cells behaved identically: fibre out- 
growth occurred only if NGF was added to the culture medium. 
Conversely, if NGF antibodies were injected into the cytoplasm 
these antibodies did not interfere with fibre outgrowth produced 
by NGF in the culture medium (Fig. 2b). Preliminary results 
indicate that injected NGF is also unable to support the survival 
of neurones dissociated from 8-day old embryonic chick dorsal 
root ganglia or PC12 cells in serum-free medium (in serum-free 
medium PC12 cells need NGF for survival’), whereas injected 
anti- NGF antibodies do not antagonize the ability of NGF in the 
culture medium to support the survival of these cells. 

We conclude that even if an undetectably small proportion of 
NGF leaves the membrane-bound compartments in which it is 
always localized after receptor-mediated internalization, it 
would be unable to initiate the characteristic cellular responses 
to NGF—fibre outgrowth and cell survival. Thus the enhance- 
ment of polymerization of microtubules and microfilaments, 
demonstrated in the test tube in response to high concentrations 
of NGF'*""*, must have no physiological significance in the 
context of fibre outgrowth, and the binding of NGF to chromatin 
isolated from chick dorsal root ganglia’* cannot be responsible 
for fibre outgrowth or for survival. The biological effects of NGF 
must be mediated by an interaction with specific cell-surface 
receptors and the generation of (a) second messenger(s) rather 
than by a direct action of intact NGF in the free cytoplasm or the 
nucleus. 

The nature of the second messenger and its site of production 
(cell surface or cell interior after internalization) are unknown. 
In adrenergic neurones NGF binds to receptors or nerve 
terminals and is subsequently transported within vesicles and 


cisternae to the cell body. There, fusion of the transport vesicles ` 


with other intracellular membrane systems and eventually with 
lysosomes can be observed?*. It cannot be excluded that a 
cleavage product of NGF is transferred into the cytoplasm as is 
the case for diphtheria toxin where a fragment of the original 
toxin molecule is transferred across the membrane into the free 
cytoplasm where it exerts its blocking action on ribosomal 
protein synthesis'*'’. It is also possible that the NGF-receptor 
complex is transferred into the cytoplasm, although no such 
mechanism involving a polypeptide hormone and its receptor 
has previously been described. If NGF should be cleaved or 
bound to its receptor before transfer into the cytoplasm, then 


our results show that the resulting secondary product(s) of NGF 
or NGF-receptor complexes are not recognized by the anti- 
bodies raised against native NGF. 
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The transplantation of organs between individuals of a species 
normally has two main consequences: (1) the tissue is rejected 
unless the individuals are matched for identity of transplantation 
antigens, especially those encoded by the major histocom- 
patibility complex (MHC), and (2) the recipient is sensitized to 
the transplantation antigens of the donor so that second-set 
grafts are rejected in a more violent manner’. These rules of 
transplantation are not obeyed by liver grafts. Orthotopic 
transplants of liver are never rejected by many strains of rat even 
though the MHC barrier is crossed’. We have recently shown 
that instead of sensitizing the recipient, these enduring liver 
grafts induce a state of donor-specific unresponsiveness in which 
subsequent grafts of other organs, such as skin, are accepted 
permanently. It is possible that many strains simply cannot 
mount a sufficiently vigorous destructive immune response to 
outstrip the liver’s great capacity to repair immune damage and 
that the systemic unresponsiveness observed is due to diversion 
of alloreactive lymphocytes with donor specificity into the liver 
allograft. Manipulations which increase the vigour of the 
immune response might therefore tip the balance in favour of 
liver graft rejection and away from induction of unresponsive- 
ness. We have previously measured the degree to which the 
immune response can be increased by previous exposure to 
MHC antigens in a quantitative adoptive transfer system”. In the 
strain combination DA (MHC haplotype RT-1°) grafted to 
PVG (RT-1°), the lymphocytes of immunized animals are 1,000 
times more potent than those of non-immune animals in pro- 
curing graft destruction when transferred to irradiated hosts. 
Unexpectedly, we have now found that liver grafts transplanted 
into previously immunized rats not only fail to reject but convert 
the state of heightened reactivity to donor grafts characteristic of 
immune recipients into one of non-reactivity characteristic of 
tolerant animals. 
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Table 1 Induction of tolerance to MHC antigens by liver trans- 
plantation is systemic 





Days after DA Days of skin graft survival (no. of rats) 
liver grafts DA AO 
0 10, 12, 13, 14(2), 18 8,9, 12 

5 13, 14, 15, 22, 100 (2) 11, 12 (2) 

15 23* > 100 (5) 13 (2), 14 

45 65*, 88*, >100 (4) 13 (2), 15 


PVG rats received an orthotopic transplant of liver from DA donors 
on day 0 and then an orthotopic skin graft from both DA and AO (third 
party) donors on the day indicated. By day 15 some recipients were 
systemically tolerant of the DA alloantigens, as indicated by permanent 
survival of the indicator DA skin graft in perfect cosmetic condition. By 
day 45 all animals were tolerant. The specificity of this tolerance was 
absolute, as indicated by rejection of all third party (AO, RT1") skin 
grafts. 

* These animals died with a perfect DA skin graft in place. 


The technique for orthotopic liver transplantation used in 
these experiments is reported in detail elsewhere*. Surgical 
technique is not a significant variable in this series, as indicated 
by a 95% permanent survival rate of the past 72 DA to PVG 
liver transplants performed here (Fig. 1). Although DA livers 
transplanted to PVG recipients are never rejected, skin grafts 
are rejected in 8 days, heart grafts in 7-8 days and kidney grafts 
in 9-10 days. The reason for the prolonged survival of the liver 
in the rat and in other species’ is still being studied in this and in 
other laboratories, but it is not due to a failure of the recipients 
to mount an immune response against liver tissue. Indeed, the 
degree of early mononuclear cell infiltration, blast trans- 
formation and liver cell necrosis, as assessed histologically, is 
almost as great in PVG recipients which do not reject as in BN 
recipients which do (N.K., Wight and B.R., in preparation), The 
response in PVG rats is ephemeral, only minimal histological 
changes being detectable several months after grafting, whereas 
the response in BN rats is progressive. 

While grafting with skin, heart or kidney provokes vigorous 
immunity, grafting with liver rapidly induces a state of systemic 
unresponsiveness (Table 1). Thus, within 15 days of liver trans- 
plantation, recipient rats become specifically unresponsive to 
subsequent skin grafts from the DA strain while retaining the 
capacity to reject third party (AO, RT1") strain grafts. This state 
of unresponsiveness is associated with the presence of specific 
blocking material in the circulation® and deletion of the clones of 
cells sequired for DA graft rejection from the peripheral 
lymphocyte pool, but there’ is no evidence of cell-mediated 
suppression (data not shown). 

Because we had previously established that immunization to 
antigens of the MHC in this strain combination led to a large 
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Fig. 1 Survival of liver grafted rats. Apart from three early 
technical failures’, 69 normal PVG rats grafted with DA livers 
{>= ) survived indefinitely while BN rats grafted with DA livers 
C- ++) all died within 32 days. When PVG rats were sensitized by 
rejection of DA skin grafts 28 days before liver transplantation 
( ), 50% behaved as high responder animals, rejecting their 
liver grafts within 34 days, while 50% failed to reject and survived 
indefinitely. 
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Fig. 2 Immune status of liver grafted rats. PVG rats, immunized 
to DA antigens, which had survived subsequent grafting with DA 
livers, were challenged with another DA skin graft 28 days after 
liver transplantation (——). All rats showed very prolonged 
survival of the second-set DA skin graft and 50% of animals 
retained the skin graft indefinitely. Where no liver graft intervened 
between the two DA skin grafts {~ -~ ) or where the liver graft 
was syngeneic with the recipient PVG (- - - -~ }, the second skin 
graft was rapidly rejected in second-set tempo. Substitution of 
third party (AO) antigens at the immunizing and challenge stages 

:+) showed that the DA liver graft was not nonspecifically 
immunosuppressive: the second AO skin grafts, placed after DA 
liver transplantation on PVG rats immunized by prior skin grafts, 

were all promptly rejected. | 


increase in the efficiency of heart graft rejection as measured in.a 
quantitative adoptive transfer assay’, we felt confident that 
immunization would convert the non-rejector PVG to a rejector 
strain of equivalent potency to BN. Surprisingly, 50% of 12 
previously immunized animals survived indefinitely after 
subsequent DA liver transplantation (Fig. 1). In those six ani- 
mals which died after liver grafting, histological examination 
revealed a severe destructive immune response characterized by 
heavy mononuclear cell infiltrates and widespread hepatocel- 
lular necrosis. In the six animals which survived long-term, the 
livers showed minimal signs of tissue destruction and no 
significant cellular infiltrate (a picture similar to that seen long- 
term in normal rats in receipt of DA liver grafts). It was 
therefore of interest to determine whether, like normal non- 
immune graft recipients, the immune animals had also become 
systemically tolerant to DA MHC antigens during the recovery 
phase. This proved to be the case. Subsequent skin grafts applied 
to such animals failed to reject in 50% of cases, for over 100 days 
(Fig. 2). The antigen specificity of this phenomenon was shown 
in two ways. One group of immunized animals received a 
syngeneic (PVG) liver graft instead of a DA graft. This has no 
suppressive effect on the second-set rejection of DA skin (Fig. 
2). Another group of PVG rats was immunized against third 
party AO(RT1") antigens instead of DA (RT 1°) antigens before 
receiving a DA liver graft. In this group the fully allogeneic DA 
liver graft did not induce cross-tolerance to AO antigens, as 
indicated by rejection of all subsequent AO indicator skin grafts. 

Using easily enhanced rat strains, Bowen et al.’ demonstrated 
a slight weakening of immunity against F, hybrid kidney grafts 
by temporary parabiosis of hyperimmune animals to animals 
bearing enhanced kidney grafts. Kawamura et al.*, again using 
F, hybrid kidney grafts, demonstrated that second-set grafts of 
identical type often have prolonged survival especially if the 
recipient animal was unable to reject the first graft promptly. 
However, they could only demonstrate this phenomenon where 
exposure to the first graft had not led to detectable sensitization 
of the recipient’. We believe this to be the first observation of 
specific conversion of a state of transplantation ir munity 





It had previously proved impossible both clinically and 
mentally to erase memory of previous exposure to an 
the MHC even with such potent immunosuppressiv 
cyclosporin A’°. The facility with which liver tran { 
achieves this result in a high proportion of animals undermines 
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the simple quantitative explanation of liver graft survival 
outlined in the introduction and obviously deserves further 
study. Of particular interest will be the analysis of the efficacy of 
liver tissue in the form of an intact organ or as dispersed cells in 
modifying the alloreactive repertoire of normal and immune 
animals. 

This work was funded by MRC project grant 
G80/0091/8CA. We thank Mr J. Herbert for technical 
assistance. 
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Interferons (IFNs) are glycoproteins with antiviral, 
immunomodulatory and antiproliferative properties. They are 
classified on the basis of their acid stability, antigenic properties, 
stimuli for production and cellular origin. IFN-a@ and IFN-B are 
acid-stable and derived from leukocytes and fibroblasts. IFN-y 
(immune, type II) is acid-labile and generally derived from T 
lymphocytes. Elaboration of IFN-y occurs either after sensi- 
tized T lymphocytes are exposed to specific antigen or on 
induction of T lymphocytes with mitogens'’. IFN-a and IFN-B 
have been extensively characterized and much is known about 
their biochemical properties and gene structure*"’. In contrast, 
there is relatively little information available regarding the 
physical and biological properties of human IFN-y (refs 1, 2, 
12-17). Particular interest in IFN-y derives from in vitro and in 
vivo studies which indicate that IFN-y has greater antiprolif- 
erative effects on neoplastic cells than IFN-a and IFN-f (refs 
18-21). We report here the production and characteristics of 
IFN-y elaborated by a unique human T-lymphoblast cell line. 

The paucity of data regarding IFN-y is largely related to 
difficulties in obtaining large quantities of purified material. In 
our laboratory, a human T-lymphocyte cell line (Mo) has been 
derived from the spleen of a patient with a T-cell variant of 
hairy-cell leukaemia that produces IFN-y and other lympho- 
kines. The Mo cell line has been described in detail else- 
where??? 

The Mo cells constitutively produce low levels of interferon, 
both in the presence and absence of serum, and its production is 
not enhanced by exposing the cells to Sendai virus or poly- 
inosinic polycytidylic acid, We tried to induce IFN-y production 
using T-cell mitogens as well as chemical agents (Table 1). 
Induction with phytohaemagglutinin (PHA) markedly increased 
the production of IFN-y. As the ranges in Table 1 demonstrate, 
there was considerable variability in the titres elaborated in each 
induction regimen. Interferon production by Mo cells in culture 
was maximal after 3 to 4 days of incubation with PHA, thus the 
conditioned media used in all experiments were collected after 4 
days of induction. 





* To whom reprint requests should be addressed. 
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Fig. 1 Chromatography of Mo IFN-y on Con A-Sepharose. 
Conditioned medium containing 2% FCS induced with 3% PHA, 1 
uM dexamethasone and 0.5 mM sodium butyrate was dialysed for 
16 h at 4°C against 100 volumes of PBS, pH 7.4 (E,). The Con 
A-Sepharose (Pharmacia) column (0.9 5. cm) was equilibrated 
with PBS, and 5 ml of dialysed conditioned medium applied. The 
column was washed with PBS then developed with 0.2 M a -D- 
methyl mannoside in PBS (E,) at a flow rate of 2mlh™'. The 
column was developed with 0.2 M a-D-methyl mannoside and 
20% ethylene glycol in PBS (E,). Protein was determined using a 
dye binding procedure (Bio-Rad). Solid line represents interferon 
activity and broken line, protein concentration. 


It has been shown**:'’?77" that chemical agents known to 
affect cell differentiation in vitro may enhance IFN production. 
The phorbol ester, 12-O-tetradecanoylphorbol-13-acetate 
(TPA) proved to be a potent enhancing agent of IFN-y produc- 
tion by the Mo cells. Levels of up to 43,400 international units 
(IU) per ml per 10° cells were achieved in the presence of 2% 
fetal calf serum (FCS), 3% PHA and TPA (10ng ml’). 
However in serum free conditions, PHA induction alone gave 
maximal interferon yield with specific activities of ~2 x 10° IU 
per mg protein. Concanavalin A (Con A; 20-40 pg ml”') also 
induced IFN-y production but its effect was substantially less 
than that observed for PHA (data not shown). 

Mo interferon proved to be entirely of the y type by the 
criteria of acid lability, stimulus of induction, kinetics of 
production and failure of neutralization by antisera to leukocyte 
interferon (data not shown). The antiviral activity in Mo-condi- 
tioned medium was totally inactivated on reduction to pH 2 with 
0.1 M HCI or 0.5 M citrate buffer. Also, Mo IFN-y is heat- 
labile, losing > 98% activity when incubated at 56 °C for 1 h or 
on boiling for 1 min (Table 2). This observation is consistent with 
previous reports which indicate that mitogen-induced IFN-y is 
heat-labile’**. We examined the effect of various denaturing 
agents on the IFN-y and found that it was almost completely 
inactivated with 8 M urea, 6 M guanidine hydrochloride, 0.1% 
SDS and 0.01% zwitterionic detergent. However, note that 
there was retention of activity after incubation with 10mM 
B-mercaptoethanol (Table 2), suggesting that, while disulphide 
linkages may be present in the molecule, they are not critical for 
antiviral activity. The activity of Mo IFN-y is completely 
destroyed by pronase (Table 2). 

The chromatographic behaviour of Mo IFN-y on Con A- 
Sepharose is shown in Fig. 1. The bulk of the protein applied to 
the column passed through unretarded and this material 
contained only negligible amounts of interferon activity. The 
bound interferon was recovered by elution with 0.2 M a-p- 
methyl mannoside in phosphate-buffered saline (PBS; pH 7.4) 
giving a purification of ~ 20-fold to a specific activity of 6-8 x 

10* TU per mg protein; 96% of the interferon activity loaded was 
recovered in the a-p-methyl mannoside eluate. Only 0.5% of 
the applied activity was recovered after elution with 20% 
ethylene glycol, 0.2 M a-p-methyl mannoside in PBS. These 
results suggest that almost all the Mo IFN-y is glycosylated. It 
has previously been reported”? that human IFN-y induced in 
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Table 1 Induction of IFN-y from Mo cells 





IFN titre (IV per ml 
per 10° cells) 


Mean Range 
Serum-free medium 
Uninduced 35 5-50 
PHA 1,900 200-3,200 
PHA+TPA (10 ng ml’) 1,100 800-1,200 
Medium + serum (2% FCS) 
Uninduced 66 50-75 
PHA 5,700 900-9,400 
PHA + dexamethasone (1 pM) 4,350 2,700-6,000 
PHA + butyrate (0.5 mM) 4,100 900-7,900 
PHA + butyrate (0.5 mM) + 
dexamethasone (1 uM) 5,150 3,500-7,900 
PHA +TPA (10 ng m`’) 16,900 7,871-43,400 





The Mo cells were cultured in a medium (Flow) containing 20% FCS 
(screened lot). Interferon production, unless otherwise stated, was 
achieved by. washing the cells three times with a medium and then 
culturing 10° cells ml”! for 4 days in a medium alone (serum-free) or in 
a medium containing 2% FCS. Inducers used were: phyto- 
haemagglutinin (PHA; HA 15 reagent grade, Wellcome), sodium 
butyrate (Pfaltz & Bauer), dexamethasone (Sigma) and TPA (PL Bio- 
chemicals); these were added to the culture at the concentrations shown. 
PHA was present at 2% and 3% in serum-free and serum-containing 
cultures, respectively. The antiviral activity of interferon was deter- 
mined by quantitation of the cytopathic effect of murine encephalomy- 
ocarditis virus on the foreskin fibroblast cell line CCL54 trisomic for 
chromosome 21 (ref. 30). All interferon units are expressed with 
reference to the NIH human leukocyte interferon standard (G-023- 
901-527). Titres are the results of four separate experiments. 
leukocytes by PHA shows chromatographic heterogeneity on 
Con A-Sepharose, presumably resulting from varying degrees 
of glycosylation. In contrast, the Mo IFN-y appears more 
homogeneous with respect to its glycosylation. 

The hydrophobic nature of human IFN-y has been described 
in previous studies'?**, Crude Mo-conditioned medium, 
induced in the presence of 2% FCS with 3% PHA, 0.5mM 
butyrate and 1 „M dexamethasone, was applied to a controlled- 
pore glass (CPG) 350-B mesh size 120/200 column (Elec- 
tronucleonics). All the interferon activity was absorbed onto the 
column while 98% of the protein was voided. Elution with 1M 
NaCl, 20% ethylene glycol in 0.2 M phosphate buffer (pH 7.4) 
recovered 2% of the loaded protein and almost all the interferon 
activity, giving a ~ 50-fold purification and a specific activity of 
~ 10° IU per mg protein. 

Reported molecular weights (MWs) for IFN-y have ranged 
from 20,000 to 80,000— these discrepancies may be related to 
molecular heterogeneity and binding to other proteins. Gel- 


Table 2 Characterization of Mo IFN-y 





Residual interferon 


activity 
Treatment (% of control) 
Urea (8 M) 4 
Guanidine HC! (6 M) 0.7 
B-Mercaptoethanol (10 mM} 100 
SDS (0.1%) Q 
Zwitterionic detergent (0.01%) 9 
56°C (1h) 1.6 
100°C (1 min) 1.8 
Pronase (0.1 mg mi~’) <0.1 
pH2 0 


Conditioned medium containing 2% FCS obtained from Mo cells 
cultured with 3% PHA and 10 ng ml” ' TPA was used. All treatments 
except heat and pronase inactivation were performed at 37 °C for 1 h. 
The material was then dialysed against 100 volumes of PBS, with two 
exchanges. Pronase (Sigma) was incubated with serum-free conditioned 
medium from cells induced with 2% PHA alone at 37 °C for 1 h. Control 
incubations with 2% FCS contained 2,000 IU mi“! interferon activity 
whereas the serum-free material had 3,200 IU m!7!. 
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Fig. 2 Gel filtration of Mo IFN-y. Serum-cortaining conditioned 
medium from Mo cells induced with 3% PHA and TPA (10 ng 
mi~') was partially purified on CPG beads and then applied to an 
Ultrogel AcA 44 (LKB) column (0.9 40 cm) equilibrated with 
20% ethylene glycol, 1 M NaCl in 0.02 M phosphate buffer, pH 
7.4. Column was developed with the same buffer at a flow rate of 
2.2 mi h`’. Fractions of 0.75 ml were collected. Molecular weight 
standards were: blue dextran (void volume), bovine serum albumin 
(MW 69,000), ovalbumin (MW 45,000), cytochrome e (MW 
12,300) and 4-methylumbelliferone (included volume). Solid line 
represents interferon activity, and broken line, protein concen- 
tration. 


filtration chromatography of serum-containing conditioned 
medium was performed using an Ultrogel AcA 44 column. An 
initial peak of interferon was obtained with the PBS elution at 
~ 70,000 MW. The specific activity of this material was 
~10*IU per mg protein. Two smaller peaks of interferon 
activity were obtained with 1 M NaC] elution and then with 
1M NaCl, 20% ethylene glycol. The secondary peaks may 
represent species of interferon exhibiting ionic or hydrophobic 
interaction with the Ultrogel beads. To examine further the size 
characteristics of the Mo IFN-y, we applied material partially 
purified on CPG beads to a similar Ultrogel AcA 44 column 
(Fig. 2). To avoid ionic or hydrophobic interactions and focus 
solely on its gel-filtration properties, the column was developed 
using 1M NaCl, 20% ethylene glycol in 0.02M phosphate 
buffer (pH 7.4). A single peak of activity was obtained with an 
apparent molecular weight of ~40,000 and a specific activity of 
1.2 x 10° IU per mg protein. It is possible that the high-molecu- 
lar weight species observed when crude conditioned medium 
was applied directly to the gel-filtration column represented 
binding of Mo IFN-y to carrier proteins present in serum. 

Mo IFN-y is a hydrophobic glycoprotein which is elaborated 
in high titre on induction with T-cell mitogens and various 
chemical agents. It is clear from its physicochemical charac- 
teristics that the Mo IFN-y is distinct from the erythroid- 
potentiating activity, colony-stimulating activity and neutrophil 
migration-inhibitory factor also produced by this cell line”, 
As the Mo cell line is a homogeneous population of T lympho- 
blasts, the results suggest that IFN-y may be induced by lectins 
without the need for cooperation by other cell types’. 

The Mo cell line provides a unique source of human IFN-~y, 
and should allow the large-scale production of IFN-y for 
purification and clinical trials. It may also be of use in isolating 
the human gene(s) for IFN-y. 

We thank J. McLaughlin for technical assistance and Drs W. 
E. Stewart II, A. J. Lusis, Y. K. Yip, L. H. Kronenberg, N 
Stebbing and Y. J. Bryson for helpful discussion and materiale. 
The work was supported in part by USPHS grant (CA 15688), 
awarded by the National Cancer Institute, DHHS, and we 
acknowledge the assistance of the BASE Unit of the UCLA. 
Jonsson Comprehensive Cancer Center (Cancer. Center core 
support grant CA 16042). 
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The construction of murine B hybridomas producing homo- 
geneous specific antibodies in almost unlimited quantities has 
led to major progress in immunology". Recently, human B 
hybrid lines secreting antibody of defined specificities have also 
been established”*. Similarly, murine T hybrids have been 
obtained which may produce specific immunoregulatory factors 
such as antigen-specific suppressor factors**, T-cell replacing 
factor’ or allogeneic effect factor". The availability of functional 
T hybrids in man should allow a better understanding of human 
lymphocyte interaction and regulation. We describe here the 
fusion of a permanent human T-cell (KE37) with peripheral 
blood T lymphocytes to produce a human T hybridoma line 
which has a stable hypotetraploid karyotype and continuously 
produces a factor which suppresses pokeweed mitogen (PWM)- 
induced B-cell differentiation. 

The permanent T-cell line used for hybridization was KE37, 
which has been derived from a human acute lymphocytic 
leukaemia (provided by H. G. Kunkel and S. M. Fu). A 5- 
bromodeoxyuridine (BUdR)-resistant variant of this line was 
selected after mutagenesis to obtain a line deficient in thymidine 
kinase and therefore sensitive to the hypoxanthine- 
aminopterine-thymidine (HAT) medium’. This variant line was 
then subcloned by limiting dilution. We fused one of these 
clones, D1R11, with peripheral blood lymphocytes (PBL) from 
a patient who presented with a variable agammaglobulinaemia 
and a moderate blood T-cell hyperlymphocytosis (5,000 mm™*); 
most of these T lymphocytes expressed Ia antigen and showed a 
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Table1 Cell-surface phenotype of parental and hybrid cells (expressed 
as percentage of positive cells} 
Surface 
Iig Erosettes T3 T4 TS T6 T8 T10 T11 Ia 
DE 0 20 73 15 50 0 50 NT NT 60 
DIR11 0 10 0 0 0 100 10 50 4 90 
DExDIRII 0 70 0 0 O 100 100 100 100 0 





10 10° cells from a subclone (D1R11) of the thymidine kinase- 
deficient variant of KE37 T-cell line were fused with 10 x 10° peripheral 
T cells from donor DE. For the fusion the parental cells were washed 
twice with Dulbecco’s minimal essential medium (DMEM) without fetal 
calf serum (FCS), the last washing being performed in the presence of 
5% dimethyl sulphoxide (DMSO). The pellet was then resuspended in 
0.5 ml of 33% (w/v) polyethylene glycol (PEG) (molecular weight 
(MW) 4,000; Sigma), left for 3h at 37°C then centrifuged for 3h at 
200g. The supernatant was carefully discarded, the cells gently resus- 
pended in DMEM plus 20% FCS then placed in 24-well Costar micro- 
litre plates at a concentration of 1 x 10° cells per well, with a feeder of rat 
fibroblasts (0.1x 10° cells per well). Selective HAT medium 
{aminopterin, 4 x 10°’M; thymidine, 1.6 x 10°°M; hypoxanthine, 1.1 x 
1074M) was added on days 2, 4, 8 and 10 after fusion, then replaced by 
HT medium for 6 days. Surface markers were studied on parental cells 
and on a given hybrid clone (DE x D1R11). Surface immunoglobulin 
(Ig) was detected with rhodamine-conjugated F(ab’), fragments of 
rabbit IgG antibody to human immunoglobulin. Monoclonal antibodies 
to Ia and T-cell antigens (designated T3, T4, T5, T6, T8 and T10) were 
detected by immunofluorescence using a second layer of fluorescein- 
conjugated IgG from a goat anti-mouse immunoglobulin serum 
(Nordic). 


suppressor/cytotoxic antigenic phenotype (Table 1) as defined 
by the series of monoclonal OKT antibodies developed by 
Reinherz and Schlossman (reviewed in ref. 10; provided by G. 
Goldstein from Ortho Research Laboratory). 

The fusion protocol used is described in Table 1 legend. In 
this, as well as in other experiments which used a variety of 
normal or stimulated T cells fused with either KE37 subclones 
or two other T-cell lines (JM and CEM), we found that the yield 
of hybrid clones was low; in this fusion 1 well out of 24 contained 
hybrids and their growth was delayed by 3-5 weeks. Subcloning 
the parental KE37 variant possibly improved the efficiency of 
fusion but it seems that human T-cell hybrids require special 
culture conditions during their initial growth phase. The hybrid 
nature of the clone (DE x D1R11), the functional properties of 
which are reported here, was documented by cytogenetic 
analysis and HLA phenotyping. The cells showed a stable 
hypotetraploid karyotype after 15 days to 6 months of continu- 
ous culture. Moreover, the presence of two morphologically 
distinct Y chromosomes, each from one parental cell, was shown 
using the quinacrine fluorescence technique (QFD) (Fig. 1). 
Although HLA typing of these hybrid cells was difficult because 
of their susceptibility to complement, they expressed definitely 
the HLA-A, antigen from DE, which was absent from the 
parental line, together with HLA antigens from KE37. 

The hybrid line was studied for expression of several T-cell 
markers. The percentage of E rosette-forming cells was low in 
the D1R11 clone and varied from 25 to 75% in the hybrid line. 
However, when observed by immunofluorescence using a 
monoclonal antibody (OKT,,) to the E rosette-receptor, all 
DE x D1R11 cells were positive whereas <5% of cells of the 
parental cell line were stained. The staining by indirect 
immunofluorescence of DEXDI1RI11 cells using a rabbit 
antiserum to peripheral T cells’! was much stronger than that of 
D1R11 cells. Additional studies were done using monoclonal 
antibodies to T cells (Table 2). Note that T6 (a common thy- 
mocyte antigen), which was absent on DE but present on 
D1R11 cells, was found on ali hybrid cells. The T8 antigen, 
which was present on only a small fraction of DIR11 cells but 
found on most normal parental T cells, was expressed on all the 
hybrid cells. In contrast to T8, T5 antigen was absent from the 
hybrids although found together with T8 on DE lymphocytes 
(T5 and T8 define the suppressor/cytotoxic T-cell phenotype). 
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T3 antigen was not detected on the hybrids although it is always 
associated with TS and T8 on normal PBL as well as on the DE 
cells which were used in the fusion. Similarly, la antigens were 
not detectable by immunofluorescence on hybrids despite their 
expression on most DE T cells. Whether these findings reflect 
merely a lack of sensitivity of the assay, a chromosomal loss or 
possibly a complex regulation of T-cell antigen expression in 
hybrid cells is unknown. 

Most interestingly, the hybrid line DEX DIRII showed 
functional properties. As the normal cells used for fusion were 
obtained from a patient with agammaglobulinaemia and with a 
high number of circulating lymphocytes having the phenotype of 
activated suppressor/cytotoxic T cells (Ia, T5, T8 antigens) we 
determined whether the hybrids might produce a soluble factor 
with suppressive activity on polyclonal immunoglobulin 
production. As shown in Table 2, the supernatant of the hybrid 
line, and not that of DIR11, suppressed the generation of 
cytoplasmic immunoglobulin (clg)-positive cells from normal 
PBL stimulated by PWM. The suppression ranged from 50 to 
75% (mean 65.5%) at day 6 or 7. When tested with mono- 
specific antisera to the various immunoglobulin chains, the 
isotypic distribution of clg cells was not modified. The suppres- 
sive effect was observed when the supernatant was added at a 
final concentration of 10% and was maximum at aconcentration 
of 20%, Note that this factor was produced without any tri- 
ggering of the hybrid cells. 

As the stimulation of murine T hybrids by lectins may enhance 
the production of soluble mediators, we also tested supernatants 
obtained in the presence of concanavalin A (10 pg ml”'). In nine 
such experiments (data not shown) the suppression observed 
with DE x D1IR11 supernatant compared with that of DIR11 
supernatant ranged from 55 to 90% (mean 70%), which does 
not differ from the above results. 

Experiments now in progress will attempt to characterize the 
biochemical nature of this factor as well as to determine its target 
cell. Until now, human suppressive factors have been shown to 
act either on T cells or at the B-cell level’*"*. No interferon was 
detectable in our supernatants and the hybrid cells did not carry 
Fc receptors for IgG, which are believed to modulate B-cell 
differentiation '*'*. Results of preliminary experiments indicate 
that the factor does not prevent PWM-induced mitogenesis; it 
has to be added in the first 36 h of culture to suppress PWM- 
induced B-cell differentiation, and it has no effect on B-cell 





Fig. 1 Hypotetraploid (78 chromosomes) metaphase of DE x 
DIR11 hybrid clone. QFD staining shows two different Y 
chromosomes: one long chromosome from the T-cell line (main 
picture small arrow) and the second, small one originating from DE 
cells (main picture, large arrow). Inset right, DE x DIR11 long Y 
chromosome; inset left, DE x DIR1II small Y chromosome. 
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Table 2 Effects of supernatants from T-cel: line (D1R11) or hybrid 
clone (DE x DIR11) on PWM-induced B-cell differentiation 








Exptl Expp2 Expt3 Expt 4 
a b a b a b @ p 
PBL with PWM 16 13 ő 9 
PBL+PWM+DIRII 17 0 115 11 6 8 86 0D 
supernatant 
PBL+PWM+DExDIRIL 7.5 52 4 71 15 75 33 64 
supernatant 





Peripheral blood mononuclear cells from four normal donors were 
cultured for 7 days in the presence of 50 pg mf) PWM with or without 
added supernatants (final dilution 20% ) from the T-cell line DIRTI or 
DExDIRI11 hybrids. These supernatants were collected after 18h 
culture of 2 x 10° cells mi” in DMEM plus 10% FCS. a, Percentage of 
cells with cytoplasmic immunoglobulin (clg) estimated for at least 1,000 
cells on day 7 of culture, detected by immunofluorescence of fixed cells 
treated with fluorescein-conjugated goat IgG antibody to human 
immunoglobulin. The number of cells and viability were similar iteach 
case. b, Per cent suppression of the expected number of clg cells. per 
culture. 


differentiation induced by Nocardia, a relatively T-independent 
polyclonal activator of B lymphocytes. 

We have shown here that construction of hybrids with 
activated human T cells of homogeneous phenotype is feasible; 
availability of such functional T hybrids will be valuable in the 
production and characterization of human T-cell factors and 
possibly also T-cell receptors. 

We thank Professor M. Seligmann for help and advice during 
this study; Dr M. Fellous for preparing the BUdR-resistant 
variant of KE37, Mrs C. Dehay for HLA typing and Mrs A. 
Chevalier for technical assistance. 


Received 20 March; accepted 26 Jane 1981. 


1. Köhler, G. & Milstein, C. Nature 256, 495 (1975). 
2. Olsson, L. & Kaplan, H. $., Proc. natn. Acad. Sci, USA. TH, 5429 (1980). 
3. Croce, C. M., Linnenbach, A., Hall, W., Steplewski, Z. & Koprowski, H. Nature 288, 488 
(1980), 
4. Kontiainen, S. et al, Nature 274, 477 (1978), 
5. Taniguchi, M, & Miller, J. F. A. P. J. exp. Med. 148, 373 (1978). 
6, Taussig, M. J., Corvalan, J. R. F., Binns, R. M., Roser, B, & Holliman, A. Bur. J Immun. 9y 
768 (1979). 
7. Takasu, K., Tanaka, K., Tominaga, A. Kumabara, Y. & Hamaoka, T.J Jmmun. 128, 2646 
(1980). 
8. Katz, D., Bechtold, T. & Altman, A. J. exp. Med. 182, 956 (1980). 
9. Littlefield, J. W. Science 148, 709 (1964), 
10. Reinherz, E. L. & Schlossman, S. F, Cell 19, 821 (1980), 
11. Brovet, J. C. & Chevalier, A. J. Immun. 122, 260 (1979). 
12. Fleisher, T. A., Greene, W. C., Blaese, R. M. & Waldmann, T. A. J. Hamun. (in the press), 
13. Wolf, R. L., Whitsed, H., Rosen, F. S. & Merler, E. Cell, Immun. 36, 231 (1978), 
14. Saxon, A. & Stevens, R. H, Clin, Immun. Immunopath. 10, 427 (1978). 
15. Broder, B. R. & Merigan, T. © J. Immun. 143, 1319 {19741 
16. Lethibichthuy, Samarut, C., Brochier, J., Fridman, W. H. & Revillard, J. P. Eur J. Duman. 
10, 894 (1980). 








Switch region of immunoglobulin 
C, gene is composed of 
simple tandem repetitive sequences 


Toshio Nikaido, Sumiko Nakai & Tasuku Honjo 


Department of Genetics, Osaka University Medical School, 
Kita-ku, Osaka 530, Japan 








Immunoglobulin heavy (H) chain genes comprise a family of 
variable region (V) genes and several constant region (C) genes 
which are classified, in mouse, into five major classes: pyys a8 
and e. During differentiation of a given B lymphocyte, a specific 
Vy gene is first expressed as a part of the p-chain and at a later 

stage the expressed H chain switches the C region from p | 
a without alteration of the V, region sequence’ 
phenomenon, called immunoglobulin class mia in 
unique recombination event that takes | Pat 
each C, gene during B-lymphocyte diffesentiat 
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regions responsible for the class switch (or S-S) recombination 
are defined as switch (S) regions*. Recent structural analyses, 
which have revealed that S regions comprise tandem repetition 
of short unit sequences’, have allowed us to define the S 
region on a structural basis. The nucleotide sequences of S 
regions vary among different classes of C, gene, inevitably 
raising the possibility that the S, sequence contains separate 
subsets of sequences, each of which may pair with the S region of 
a different class. To test this possibility it is necessary to charac- 
terize the whole S, region. However, because the p-gene clones 
isolated by other groups*’’’? have lost a major portion 
(~3 kilobases [kb]) of the central core of the S, region, only a 
small part of the S, region sequence has been deter- 
mined**'?", We have now characterized the complete S, 
region by nucleotide sequence determination and restriction 
enzyme cleavage, and have found that it comprises simple 
tandem repetition of two kinds of 5-base pairs (bp) unit 
sequences, GAGCT and GGGGT. The nucleotide sequence of 
the S; region shares short common sequences with all the other 
S-region sequences. The results clearly exclude the above- 
mentioned possibility and support the proposal’”'** that S-S 
recombination is mediated by repetitive homologous short 
sequences. 

The 13-kb EcoRI fragment coding for the C region of the 
immunoglobulin -chain was previously cloned from newborn 
BALB/c mouse DNA using A gtWES-A B as vector (ref. 4). The 
recombinant phage and the insert were referred to as 
AgtWES-IgH701 and IgH701, respectively. We have shown by 
Southern blot hybridization’ that IgH701 is indistinguishable 
from the germ-line C, -gene fragment. The 13-kb fragment was 
isolated by agarose gel electrophoresis and the fragments 
produced by HindIII digestion were subcloned into the HindIII 
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Fig. 1 Restriction endonuclease cleavage map of the S,, region 
and strategy for sequencing. The 3.7-kb HindIII fragment (Hind- 
A) which contained the S, region was subcloned in pBR322 and 
purified according to the method of Clewell and Helinski’’. 
Restriction cleavage sites were determined by combined cleavages 
of two or more enzymes. Restriction enzyme cleavage sites (EcoRI, 
Hindill, Saci, Hhal, Xbal and Accl) of IgH701 and the location of 
Jya segments were determined previously? >$, Sources of restric- 
tion enzymes have also been described previously**?’. The Hind A 
fragment was isolated by 5% polyacrylamide gel electrophoresis 
after digestion of IgH701 with HindIII, cleaved with other restric- 
tion enzymes and used as substrates of phosphorylation. The 
restriction sites used for sequencing are indicated in the enlarged 
map shown below. Ranges and directions of the sequences read are 
indicated by horizontal arrows I, Il and IN. Cloned DNA was 
displayed with the direction of transcription from left to right. 
MI41(MOPC141)'*7, -T15(TEPC15)*, _M603(MOPC603)”, 
IgE1”, MC101%°, IF-2'° and J606 (T.N., unpublished data) 
indicate recombination sites of expressed Cy genes in the respec- 
tive myelomas and hybridoma. A, B, C and D indicate deletion 
sites in bacteria (see text). Closed boxes indicate coding regions. 
Horizontal bars a and b show Hind A and 2.6-kb Sau3A frag- 
ments, respectively. 


Table 1 Nucleotide sequences of repeat units of S regions 





S region Unit sequences 

Sy GAGCTGAGCTGGGGTGAGCT 

541 GPPTCCAGGCTGAGCAGCTACAGGGGACCTGGGGYAPPTIGGGAPTPTPG 
872b GGGACCAGTCCTAGCAGCTPTGGGGGAGCTGGCCAÁCGTPGGAPTPTCA 
843 PGNACCAGPNTPAGCAPYYACAGGGGAGCĪGGGGAPGGTGGGAGTATPP 
Sa ATCAGCTOGGATGAGCTGAGCTAGGETCGAATAGGCTGGGCTCGGCTOCT 


GTGAGCTGGGTTAGGCTGAGCTGAGCTGGA 


Common GAGCTG, TGGGG 
sequences 


Common sequences are underlined. Sources of unit sequences of the 
S- S, and S, are this paper, ref. 7 and refs 8 and 9, respectively. P, 
purine; Y, pyrimidine; N, any nucleotide. 


site of pBR322 (see restriction map of Fig. 1)'*. The subclone of 
the 3.7-kb HindIII fragment (Hind A), which contains the 5’- 
flanking region of the C, gene, was used for sequencing. The 
detailed restriction cleavage map of the Hind A fragment was 
constructed by digestion with combinations of various restric- 
tion endonucleases (see Fig. 1) and the nucleotide sequence was 
determined by the chemical modification method of Maxam and 
Gilbert'®. The nucleotide sequence determined (Fig. 2) 
comprises a tandem array of two kinds of pentamer, GAGCT 
and GGGGT. The length of repeating units varies from 10 to 40 
bp depending on the number of GAGCTs per GGGGT. 
Because the 2.6-kb Sau 3A fragment of the Hind A fragment 
(see Fig. 1) does not contain adequate restriction cleavage sites 
(two Mnil sites and abundant Alul, DdeI and Hphl sites), we 
were unable to sequence a core portion of the fragment directly. 
However, the complete digestion of the Sau3A fragment with 
Alul, Ddel and Hph1 provided enough information for us to 
predict that the Sau3A fragment comprises tandem repetitive 
sequences similar to those shown in Fig. 2. When the 2.6-kb 
Sau3A fragment was digested with Alul (AGCT), a major band 
of 5 bp and a minor 10-bp band were produced in addition to 
faint bands of 15, 20 and 25 bp (Fig. 3, lanes a, d). The results 
indicate that the nucleotide sequence of the Sau3A fragment 
comprises abundant AGCT sequences, probably one every 5 or 
10 bp. Obviously, AGCT appears in one of the basic pentamers 
(GAGCT) of the S, sequence shown in Fig. 2. Note that the 
5-bp fragment was not detectable by ethidium bromide staining 
(Fig. 3, lane a) but it was clearly shown as the major band among 
»°p.labelled fragments (lane d). When the 2.6-kb Sau3A frag- 
ment was digested with Ddel (CTNAG), a major band of 5 bp 
and a minor 15-bp band were produced in addition to faint 
bands of 20 and 25 bp (Fig. 3, lanes b, e). The results show the 
presence of a CTNAG sequence every 5 or 15 bp in the Sau3A 
fragment. CTNAG occurs at the junction of two basic 
pentamers, (GAGCT)-(GAGCT), in the S, sequence. Diges- 
tion of the Sau3A fragment with Hphl (GGTGA) yielded a 
major band of 20 bp and less intense bands of 15, 25, 30, 35, 40, 
45, 50, 55 and 90 bp (Fig. 3, lanes c, f). As GGTGA appears at 
the junction of two kinds of basic pentamer, (GGGGT)- 
(GAGCT), in the S„ sequence, the results indicate that GGGGT 
occurs once every three GAGCTs but that the frequency of 
GGGGT is rather irregular, ranging up to once every, 17 
GAGCTs. These results, taken together, indicate that the core 
portion of the 2.6-kb Sau3A fragment comprises two kinds of 
pentamer, GAGCT and GGGGT, and that its sequence is 
represented by (GAGCT),(GGGGT). The number n ranges 
from 1 to 17, with the most frequent value being 3. Thus, the 
whole S,, region, which lies 1.3-4.8 kb 5’ to the C, gene, consists 
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Fig.2 Nucleotide sequence of the 5o omn Sh 5 B B 0 5 B K g 
S, region. Nucleotide sequences i GAG cleees? At SCICAGCI“AGCTACGL! Wy pace saat AS ]GAGCIGAGCT GAEL] 
are displayed from left to right GISTIGGEEIS Che “CY GAGC! S661 
with the direction of transcription GAICTGA ATGAACTACTCTGGAGT- “AGLI aT eee i 
of the structural sequence. The SAGATSGHOT GAGE] GGGGTGAGCIGAGCT 
sequences are punctuated so that GAGATGGE GAGCT 665616 & e 
GGGGT is aligned at the same GAGCT OE Toe CT6GACT6AGCT tiaraata i 
position in each repeating unit. ” j CACC] } 

DNA sequence was determined et AES vealed 
according to the method of Maxam f GAG] GA a 
and Gilbert!” with slight ee r annel 
modifications”. DNA fragments 6 a> GAGE! 
to be sequenced were digested with Hh al 
the enzymes indicated in Fig. 1, H GAGCIGGGGT o ory AGUT =G 
treated with bacterial alkaline CARE IRACOTSAGE T oga a GAGCT-BGGTEARCT GAGCTGAGC 

f K G u P 
e geri Fae Sa ALTA ad eee eA EAE EE EAE cuca 

á GAGE z AL TG a bs GALT EARL EAG. 
phosphorylated with T4 poly- GARCT EGEG] GAC] GAGCTGARC]RARCTGAGC] GAGE] Geel GABe Toate GAGE TGAGET 
nucleotide kinase (New England GAGCTGGGGTGAGCIGAGCT ] CNOC TOGTOT earn GAGE TGA GCNGAGCI 
32 AGE GAGCIGASG GA G TGGGE 

Biolabs) and [y-°*P]ATP (Amer- GAGCIGGGGIGAGCIGAGCT B CAGE TOCECICACČI GCOCIGAGC] 
sham). P-labelled DNA frag- AE A A EAN nen 

šal € GIGAGETGAGLCIG 
ments: Were: isolated byi poly- GAGCTGGCGTGAGCTORGCTOGGCTGAGCI 
acrylamide gel electrophoresis and GAGCI GGGETCAGCT GAG IGAGCTGAGCI 
cleaved with second restriction EAEE I GGE FAGEI GOF TEABE] 
enzymes. Fragments labelled only GAGLIGGOGTGAGCI GAGE] 
at one end were isolated by poly- E E a 
acrylamide gel electrophoresis and GAGCT GGGGTGAGLT GAG e] 7 
purified as described previously”®. E CCTECCGIGASCTGAGCI | p 
The regions indicated I, II and ni CAGLIGGGGIGAGCIGAGCI | 
are shown in Fig, 1. Region I was pier GoeGTGAGETGAGCI 
determined using rearranged y3 EAGCT BOREL ERI BOGE OSE. 
gene of a y3-chain-producing à DAGTDAGL I DAGE TEAR! 
myeloma J606 (unpublished data). GAACTGGGGIGAG 


Arrow a indicates the recom- 

bination site of IF-2!° while arrows 

b andc indicate the deletion site of 
MEP203"*. 


of rather homogeneous repetitive sequences, with GAGCT and 
GGGGT as basic units, 

Dunnick et al.'° found repetition of (GAGCT),(GGGGT) in 
the 5’-flanking region of the variant y1 gene of a y 1-chain- 
producing myeloma, IF2. As this y1 gene has lost a large 
segment (5.5 kb) of DNA, including the C,,1 domain, a part of 
the 5’-flanking region of the C,, gene and portions of the S, and 
S,1 regions, these workers were unable to locate the germ-line 
origin of (GAGCT)3;(GGGGT) sequence. Nonetheless, they 
have discussed the possible role of these sequences in the class 
switch. Comparison of their sequences with ours indicates that 
the 5’ deletion point of the IF2 y1 gene is located in the $, 
region at arrow a shown in Fig. 2 (also see Fig. 1). 

In addition to three class switch recombination sites deter- 
‘mined previously***'*", we have recently determined two 
more such sites in the y3-gene clone isolated from J606 
myeloma and the e- gene clone (IgE1) isolated from IgE- 
producing hybridoma?” (see Fig. 1). The class switch sites of 
various classes are ordered as 5'-M141(y2b)-T15(a@)- Ige- 1(e)- 
MC101(y 1)-J606(y3)- 3’. Although these recombination sites 
tend to cluster at the 5’ side of the S, region, one cannot deduce 
any physiological significance from this fact because it is possible 
that a secondary deletion of the S region surrounding the 
recombination sites occurs during the propagation of myelomas 
and hybridomas. In fact, the œ gene of MOPC603 has an 
internal deletion within the S, region®. The 5’ recombination 
site in the S, region was located (see Fig. 1) but the 3’- 
recombination site of the MOPC603 gene, which is the actual 
class switch recombination site, is not known. Comparison of the 
nucleotide sequences surrounding each class switch recom- 
bination site seems to indicate that H-chain switching is not 
highly specific to the nucleotides joined’ (T.N., in preparation). 
Again, this interpretation is limited if there has been secondary 
deletion around recombination sites. 

We and others have observed that a major portion of the 
3.7-kb Hind A fragment is deleted during its propagation in 
Escherichia coli**"'"*, Such deletion seems to depend on the 


wpa T 








Fig.3 Digestion of the S, region with restriction enzymes. 0.6 pg 
of 2.6-kb Sau3A fragment was cleaved with Alul (a), Ddel (b) or 
Hph I (c), electrophoresed in 10% polyacrylamide gel and stained 
with ethidium bromide. The sizes of fragments are shown in base 
pairs. 0,6 g of the 2.6-kb Sau3a fragment was labelled with 
*P-dCTP by nick translation?” and cleaved with Alul (d), Ddel te) 
or HphI (f). The sizes of the fragments were determined with 
pBR322 DNA digested with Thal or Alul as standard: The 
fragment of Ddel digests ran faster than that of Alu 
probably because the former has only 2 bp and d 
Nucleotide sequences of restriction sites of the enzyx : 
shown at the bottom. ds, Double stranded: ss, ingie strani i 
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host strain; for example, deletion was very frequent in LE392 
but rare in C600 regardless of whether they were recA™ or 
recA”. The deletion seems to take place at limited sites 
(indicated by A, B, C and D in Fig. 1). The cloning of the Hind A 
fragment in pBR322 with a host strain of LE392 has yielded 12 
variant clones with inserts of different sizes. The deleted frag- 
ment was one of 2.8 kb between sites A and D, 2.3 kb between 
A and C, 2.4 kb between B and D or 1.9 kb between B and C. 
Embryonic C, -gene clone MEP203'? deleted the 2.8-kb DNA 
fragment between arrows b and c in Fig. 2. The nucleotide 
sequences surrounding the deletion sites of A, B, C and D seem 
to correspond to the regions containing tandem repetition of 
regular 20-bp units (Fig. 2). 

The S region was originally defined as the functional region 
responsible for the class switch recombination. We have shown 
that the structural basis of the S, region is tandem repetition of 
homologous 49-bp units’. The S, region contains tandem 
repetition of 80-bp units*”. It is now clear that tandem repetitive 
sequences of 20-30-bp units are present in the 5’-flanking 
region of the C, gene where the class switch recombination 
occurs. These nucleotide sequences contain abundant short 
sequences such as GAGCTG and TGGGG which are shared by 
repeating sequences in the S,,,S,,,5,2, and S, regions as shown 
in Table 1. It is known that the tandem repetitive sequence 
increases the chance of homologous recombination'®. Accord- 
ingly, the recombination responsible for class switch from p to a 
or from one y to another y, may be facilitated by such homology 
of repeating sequences occurring widely in the S region. Tens of 
short common sequences may be sufficient to make a transient 
join between two DNAs when they are brought close to each 
other. As the nucleotide sequences of the repeat units of the S 
regions are different, it is possible that specific enzymes catalyse 
the S-S recombination for different pairs of S regions. Both V-J 
(joining) and S-S recombinations are accompanied by the 
deletion of intervening DNA segments”. We have recently 
proposed a model in which S-S recombination is mediated by an 
unequal crossing-over event between sister chromatids’. 

We thank Drs K. Matsubara and S. Nakanishi for critical 
reading of the manuscript, and Miss F. Oguni for preparation of 
the manuscript. This investigation was supported in part by 
grants from the Ministry of Education, Science and Culture of 
Japan, Torey Science Foundation, Mitsubishi Science Foun- 
dation and Naito Foundation. 
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Natural killer (NK) cells have unique surface features and 
physiological characteristics and a selective ability to lyse some, 
but not other, target cells”. However, the basis of this selec- 
tivity remains obscure at both effector and target cell levels. 
Proposed specific NK-cell target moieties* include glycolipids, 
and glycoproteins unrelated to the major histocompatibility 
complex, while malignant and certain normal cells have been 
found to be susceptible to NK-cell-mediated cytolysis~*. There 
is good evidence that NK cells can inhibit the outgrowth of small 
numbers of transplanted tumour cells in vivo”? and can restrict 
the establishment of secondary metastasis'’**, It has thus been 
speculated that NK cells function as a primitive, thymus- 
independent immune system using phylogenetically preserved 
target structures to form a cell-mediated resistance barrier 
against the outgrowth of certain tumour cells’. The presence in 
the thymuses of neonatal mice and humans*”’ and in the mar- 
row of human fetuses, of apparently normal cells which are quite 
sensitive to NK cells suggested that NK cells might have an 
increased ability to cause the lysis of cells at a particular stage of 
their differentiation. In agreement with this concept, embryonal 
carcinoma cells at various stages of differentiation display a 
strikingly different susceptibility to NK-cell-induced lysis’*. 
Here only cell types representing early stages were sensitive to 
NK-cell-mediated cytolysis, whereas the more differentiated 
endodermal cell lines showed close to complete resistance. The 
above data would thus support the view that, in vivo, depending 
on the stage of differentiation, both normal and malignant cells 
are under surveillance by NK cells. Here we have considered the 
question of differentiation-related NK-cell susceptibility using 
defined cell lines known to undergo controlled differentiation in 
the presence of various agents. Three tumour cell-lines were 
investigated, and all demonstrated a striking positive correlation 
between a decrease in NK-cell susceptibility and the induction 
of differentiation by the various inducers. Our findings support 
the view that susceptibility to NK-cell mediated lysis may vary 
according to the stage of differentiation of the target cell. 
Table 1 shows the three cell lines used in the present study and 
the impact of the inducing agents on NK-cell sensitivity in 
relation to various differentiation markers. The NK-cell sensi- 
tivity of K-562, the target cell line most commonly used to assess 
human NK-cell activity, decreased after exposure to sodium 
butyrate or haemin. This loss was well correlated in time and 
dose of the respective inducer with an increase in erythroid 
differentiation markers such as the expression of surface gly- 
cophorin A and haemoglobin synthesis'*. U-937 is a NK-cell- 
sensitive human histiocytic lymphoma cell line'’®. The pheno- 
type of this cell line suggests that it represents monocytic cells 
arrested at a differentiation stage close to the myelomonocytic 
stem cell'?'®. Treatment of U-937 cells with either 12-O- 
tetradecanoy] phorbol acetate (TPA) or supernatant from 5-day 
mixed lymphocyte cultures (MLC) resulted within 2-3 days in 
the appearance of 30-60% of cells with a macrophage-like 
phenotype'***. Concomitantly, a drastically reduced NK- 
sensitivity profile was noted. K-562 and U-937 show a similar 
loss of sensitivity regardless of the type of inducer used, demon- 
strating that ‘unrelated’ agents giving the same cellular 
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Tabie 1 Effect of defferentianon-inducing agents on NK-coll-suscepuble target cells 








Call Ine Inducer Non-induced Induced ' Phenotypec alterations during induced differentiaton 7! 
i R Effector : target cell ratko - 
50:1 6.1 50:1 6:1 Benztidme staimng reaction becomes 
K-562 (human) BA 496 252 248 8.6 Plasma membrane: specific changes m glycoprotem composition, mcrease 
in gtycopbonn A 
K-562 (human) Haemin 526 22.8 296 6.0 Function: globin producion 
i Morphology: acquisthon of a macrophage-like morphology 
U-937 (human) MLC supernatant 38 0 26.5 16.6 8.5 Pisma membrane. specific changes m surface glycoprotem compoultioa 
er ee Talko anggen, B,- microglobulin and Fe recep- 
U-937 (buman) TPA - i 214 73 29 0.0 Cytoplamni enzymen: merean in nooepct etree 
1 : Se ee ea aac yori Poaohon; 
‘ : induced activity as effector cell m ADCC 
GM-86 (mouse) HBMA 36.7 20.4 18.1 2.4 | Foncton: mcrease in globin production 


K-562, a human orythroleukaemia cell Hne’?, was cultured in RPMI 1640 supplemented wrth 10% fetal calf serum (FCS) and antibtotics. U-937, a ‘true’ histiocytic 
human cell hne!7, was cultured in F10 supplemented as above GM-86 (clone 745), a murine Fnend vras-toduced lenksema originating from DBA/2J (ref 21), was grown 
in Eagle's medium supplemented with 20% PCS and antihones. Calls were tested for NK-coll senatrvity wang Frcoll Isopaque-lsolated human peripheral blood cells when 
testing K-562 and U-937, and mouse (CBA/H) spleen cells when analysing GM-86. The assay usod was a 4-h °'(Cr-release test performed in microtitre plates with a fixed 
number of target colls (10* cells) and various effector cell concentratons zs previously described’, using RPMI 1640 supplemented with 10% newborn calf serum and 
10 mM HEPES. were done accordingly to the formula {c.p m in test--c.p m in spontancous coatrol)/(c p m. m detergent —c.p.m. in spontaneous control). 
Betoro assay, target calls were treated as follows Each tumour cell population was split in half at day 0, one baif being cultured in the presence of inducer, the other half 
serving as control in appropriate mecha K-562 cells were treated with sodium butyrate at 1 mM for 3 days to give optonal differentiation”. Haertun was added at 1074 M 


ml”? and farther cultured for 3 days”° For TPA treatment cells were seeded at 3 x 10° cells mI”! add grown in the presence of 1.6 x 10-7 M of TPA for 3 days zs described 
oleewhere'*. Mouse GM-86 cells were grown m the presence of 4 mM HMBA for 5 days?!) After induction the cells were washed free of inducer and labelled wrth *'Cr as 
described elsewhere’, Cell viability throughout was adged by Trypan blus dye exclusion and was never <80% No growth mhrbitron was noted for K-562 or GM-86. 
U-937 showed ~ 50% reducton m coll number. Fach etre pobat:ra thé Sor, Say ea done at leatt in See aod standard error cIa got eee ce Dea 


Dera represent one otat least tice erat srperiménti 


alterations also induce a similar increase in NK-cell resist- 
ance, Finally, following treatment with hexametabisacetamide 
(HMBA), GM-86, a mouse Friend virus-transformed erythroid 
stem cell line”, acquired the capacity for globin production. As 
with the differentiated K-562 and U-937 cell lines, a simul- 
taneous decrease in NK-cell sensitivity was noted. 
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Wig. 2 Time and dose correlation between induced differentiation and loss 
of NK-cell susceptibility of U-937 cells. a, b, Tune correlation. U-937 cells 
were cultured with TPA as im Teble.1 for the medicated period of time. 
Induction was mitiated at different times to allow sumultancous collection at 
day 5. After cultrvation the cell populations were washed and split. One part 
was tested for NK-cell suscoptibility as in Table 1. The other part was used zs 
effector cells in an: ADCC test against antibody-coated chicken red blood 
cells (CRBC) in a 4-h 7'Cr-redease test in microtitre plates as described 
clsewhere?. A rabbit ant-CRBC IgG fraction was used at 1.2 10~ final 
cihrtion. Effector: target ratio for assaying tumour suscoptibehty was 50:1 
and for ADCC-abthty determination 5 1. Data roprosent one of two similar 
experiments, c, d, Dose correlation. U-937 cells were cultured in the 
indicated concentrations of TPA for 3 days and tested as above. Deta 
represent one of two similar experiments. 


Figure 1 shows the strong parallelism seen between the time 
and dose effect of TPA on U-937 cells with respect to induced 
differentiation (for other differentiation markers see Table 1), as 
exemplified by development of the ability to exert antibody- 
dependent cellular cytotoxicity (ADCC) and by the loss of 
NK-cell sensitivity. The highest degree of cytotoxic effector 
potential was found on days 2-3 (Fig. 1a), at which time the 
tumour cell populations also showed the lowest degree of NK- 
cell sensitivity (Fig. 1b). Doses of TPA inducing maximal ADCC 
ability, scored on day 3 (Fig. 1c), similarly produced a highly 
NK-cell-insensitive cell population (Fig. 1d). 

_Exposure of BM-86 cells for different periods of time to 
HMBA, in concentrations inducing optimal erythroid differen- 
tiation, resulted in a loss of NK-cell sensitivity (Fig. 2a) which 
was accompanied by the appearance of globin synthesis as 
detected by SDS polyacrylamide gel analyses of lysates of 
GM-86 cells labelled with *°S-methionine in identical condi- 
tions (Fig. 2c). In Fig. 2b the same GM-86 cell populations as in 
Fig. 2a were used as cold target competitors against the well 
known mouse NK target cell YAC-1 (ref. 6). The time-depen- 
dent decrease in NK-cell sensitivity (Fig. 2a) was paralleled by a 
gradual loss of competing ability. We interpret this to mean that 
the decreased NK-cell susceptibility of the GM-86 cells after 
induced differentiation is due to a loss of binding structure(s) for 
NK cells. However, a similar decrease in competing ability was 
not seen using differentiated U-937 cells in a parallel system 
(data not shown). This implies that the differentiation-related 
alterations seen on the target cell can be expressed either at the 


“level of binding or as a change in susceptibility to lysis. The 


present system may thus allow the binding and lytic events to be 
distinguished at the NK target cell level. 

The kinetics of the events argue against the possibility that the 
inducing agents per se cause a decrease in NK-cell sensitivity by 
some alteration of the target cell, not related to the induced 
differentiation. This possibility was further reduced by results 
obtained using spontaneous subclones of K-562 which, as 
judged by their higher expression of cell-surface glycophorin A, 
represented a more advanced stage of erythroid differentiation 
than the original K-562. As Fig. 3a shows, such subclones were 
also significantly more resistant to NK cytolysis. The clones and 
original populations could be further differentiated with sodium 
butyrate to reach the same, still lower, degree of NK-cell 
sensitivity, indicating the efficiency of the agent in promoting 
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differentiation to the same final stage in the three different 
K-562 populations. 

To investigate further the correlation between the expression 
of a differentiation marker and the NK-cell sensitivity profile of 
cells within a non-cloned tumour cell line, TPA-treated U-937 
cells were labelled with fluorescein isothiocyanate (FITC) rabbit 
anti-human HLA-DR IgG (Fab’), fragments and sorted on a 
FACS II cell sorting machine. The population of cells showing 
markers indicative of greater differentiation (for example, large 
size and increased expression of HLA-DR’*) were completely 
resistant to NK-cell lysis (Fig. 3b). 

In conclusion, the human K-562 and U-937 cell lines and the 
mouse GM-86 tumour show a clear correlation between the 
expression of markers for induced differentiation and reduced 
NK-cell sensitivity. However, we do not know whether NK-cell 
sensitivity is always restricted to target cells at an early stage in 
their respective differentiation. In fact, examples of highly 
differentiated tumour cells such as myeloma cells, which are 
quite susceptible to NK lysis'®, the wide variability of NK-cell 
sensitivity among tumours of the same histogenetic type'® and 
the fact that treatment of tumour cells with sodium butyrate can 
in some cases lead to increased NK-cell sensitivity’, strongly 
argue against too simplistic a view in this regard. The results do, 
however, demonstrate that the varying differentiation stages 
expressed by a particular cell type in a defined differentiation 
pathway are important in determining NK-cell susceptibility. 
The availability of the present in vitro systems in which 
controlled differentiation can be induced significantly increases 
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Fig.2 Induced differentiation in mouse GM-86 cells is accompanied by a 
loss in NK-cell susceptibility and NK-target competing ability. a, GM-86 
cells were cultured with HMBA as in Table 1 for 0 (@), 2 (©), 3 (A) and 5 (A) 
days. The cells were then collected and washed; one part was used as targets 
for mouse spleen cells as in Table 1, the other part was used (b) as cold 
competitors against the mouse NK target, the T lymphoma YAC-1, where 
indicated amounts of cold, unlabelled GM-86 target cells were added to a 
fixed 1: 100 ratio of *'Cr-labelled YAC- 1 target to mouse spleen cells to test 
for lysis as in Table 1. P values were calculated using paired 1- statistics 
making versus day 0 values. c, GM-86 cells grown in identical conditions as 
ina and 6 were pulse labelled with *5S-methionine*’. The lysates represent- 
ing each time point were analysed by polyacrylamide gel electrophoresis as 
described elsewhere”’. The globin band was confirmed by immunoprecipi- 
tation with a specific rabbit anti-mouse globin antibody (M.J., unpublished). 
MW, molecular weight. 
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Fig. 3 The reduction in susceptibility of K-562 and U-937 cells is asso- 
ciated with more mature cells. a, Analysis of agarose-cloned K-562 cells. 
K-562 cells were cloned in agarose and cloned sublines analysed for the 
expression of surface glycophorin A by immunofluorescence using a rabbit 
anti-human glycophorin A antiserum (provided by Dr L. Andersson). 
Sublines expresssing the highest amounts of glycophorin A as determined by 
quantitative cytofluorometric methods”? were further subcultured. The 
original K-562 population and its cloned derivatives were tested as NK-cell 
targets before and after treatment with sodium butyrate (butyrate treatment 
hatched area) at a 50:1 ratio as in Table 1. Simultaneously the surface 
expression of glycophorin A was quantitated as described above. The P 
value after butyrate treatment was > 0.5. Data represent one of two similar 
experiments within a 3-week interval. The P value was calculated as in Fig. 2. 
b, U-937 cells were induced with TPA as described in Table 1 legend. The 
cells were then labelled with *'Cr and incubated with an FITC-labelled 
rabbit F (ab’), anti- HLA-DR antiserum (provided by Dr L. Klareskog) using 
phosphate-buffered saline with 0.02% NaN, for 30 min on ice at a dilution of 
1:5. Cells were then washed once in the same buffer and sorted at 4°C ona 
FACS H sorter (Becton and Dickinson). Windows were set to obtain the 
upper 15% of the large, strongly fluorescent cells, denoted TPA-la****, 
giving 6.5% 10° cells in the right channel. Small cells with insignificant 
fluorescence were obtained in the left window channel (left channel = 39 x 
10% cells), cutting out debris and dead cells (< 10% of total). Cells were 
washed again after sorting, counted, diluted and used as targets in a 
short-term NK-cell lysis as described in Table 1 legend using a 50:1 
effector: target ratio. Control = cells left in culture without TPA and not 
sorted; TPA = cells induced to differentiate with TPA but not sorted; 
TPA-Ia**** = cells induced to differentiate with TPA followed by FACS-II 
sorting using the right channel. Hatched area = sensitivity of TPA-treated, 
weak Ia* cells (left channel, 79% of total TPA cells are TPA-Ia‘). 


the possibility of analysing fine target structures relevant to 
NK-cell-mediated cytolysis at the level of binding and/or during 
the actual lytic event. 
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Cloned copy of the haemagglutinin 
gene codes for human influenza 
antigenic determinants in E. coli 


Ingeborg Heiland & Mary-Jane Gething 


Cancer Research Fund, Lincoln’s Inn Fields, 
London WC2A 3PX, UK 


The haemagglutinin (HA) of infinemze virus is the major antigen 
towards which neutralizing antibodies are directed’. 

and pandemics of inftremza are associated with variation in the 
stractore of HA™. We have recently cloned and sequenced a 
DNA copy of the RNA gene coding for the HA from human 
strain A/Japam/305/57 (H2 subtype)“*. Recent advances in 
recombinant DNA technology have made it feasible to express 


now report the expression in Escherichia coli of HA antigenic 
determinants which might be the first approach towards 
production of a human vaccine. 
the cloned HA gewe inserted into a plasmid under the control of 
the E. coli lac promotor. 

Plasmid pJHA‘ contains a copy of the entire Japan HA gene 
except for the terminal 11 nucleotides of the 5’ non-translated 
region of the viral RNA. The gene contains an uninterrupted 
coding sequence specifying a protein of 562 amino acids includ- 
ing the amino-terminal hydrophobic signal peptide of 15 amino 
acids, 

The plasmid pOP203-13 (ref. 6) contains a 203-base pair (bp) 
DNA sequence consisting of the E. coli lac UVS promotor, 
ribosome-binding site and codons for the first seven amino acids 
of B- galactosidase. This lac promotor will direct transcription of 
any DNA fragment inserted into the single EcoRI site of the 
plasmid (ses Fig. 1). 

The convenient location of a single Ball restriction site 
immediately after the AUG start codon in the HA gene’ allows 
the construction of a chimaeric plasmid which should code for a 
fusion protein consisting of the N-terminal seven amino acids of 
B- galactosidase followed by the complete HA amino acid 
sequence. The steps in this construction, together with the 
N-terminal sequence of the expected fusion protein, are shown 
in Fig. 1. E. coh HB 101 was transformed with the chimaeric 
plasmids, and ampicillin-resistant clones containing HA gene 
sequences were detected by hybridization with **P-labelled HA 
DNA’. The orientation of the inserts was determined by 
restriction enzyme digestions of plasmid DNA isolated from 24 
positive clones. In 13 clones the inserts were in the correct 
orientation for expression with respect to the lac operator- 
promotor. Expression of HA antigenic determinants .was 
analysed by solid-phase radioimmunoassay (RIA) using rabbit 
anti-Japan HA immunoglobulin. As shown in Fig. 2, plasmids 
pOR4, pOR9 and pOR19 expressed significant amounts of HA 
antigen. 

The nucleotide sequences across the Jac-~HA juntion were 
determined” for five clones, which are shown in Fig. 3. As was 
expected, in the three clones (pOR4, pORS and pOR19) which 
were positive in the RIA, the HA DNA was in the correct 
reading frame for expression. However, they lacked HA gene 
sequences corresponding to the N-terminal signal peptide and 
amino acids up to positions 10~15 of the mature protein. Those 
clones in which the HA DNA was not in the correct reading 
frame were negative in the RIA. Analysis by restriction enzyme 
digestion of a further 41 clones which contained the HA insert in 
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~ATQAACCATGATT.AGG GAT.TCACTG GAA TTC CCC ATCATT.TAT.CTC_. 
Stet Thr Met Ie Thr Asp Ser Leu Glu Phe Pro re Tyr Lau 


Fiş 1 Construchon of exproanon plesmuds. The HmdI0~BamHI DNA 
fragment of pJHA® (0 5 pg) was digested with Ball (restriction enzymes 
from New England Biolabs, used in the conditions mcommended). The 
EcoRI stes of the DNA were methylated with 0.2 U of 5. coh RI methylase 
(New England Bsolaba) for 1h at 37°C After phenol extraction and ethanol 
the protruchng ends of the Beam HI and Hind IN ates were filled 
using 2U of E. coh DNA polymerase I (Klenow fragment; Boehringer) m a 
40-ul reaction volume containing 0.2 mM dNTPs, 60 mM Trs-HCl pH 7 5, 
8 mM MgCl, 1.0 mM 2-mercaptosthanol, 1 mM ATP for 30 min at 10°C 
250 ng 7P-BeoRI linkers (Collaborative Research; labelled with YP-ATP 
nang polynucleotide kmaso) m 15 wl of the above buffer were added and 
ligated to the DN A-using 0 3 U of T4 DNA ligase and 1 U of T4 RNA hgase 
for 16 h at 9 *C. The buffer was then adjusted to 100 mM Tris-HC pH 7.5, 
50 mM NaCl and 5S mM MgCl, and the DNA compistely digested with 
EcoRL The DNA fragment coding for HA was purified un a 6% acrylamide 
gel*. The plasmmd pOP203-13 (200 ng) was digested with EcoRI and the 
S‘-terminal phosphates removed by treatment with 0.2 U of bacterial 
alkane phosphatase in 10 mM Trs-HCl pH 9 5 for 1h at 37°C. After 
phenol and chiorofonn oxtractious the DNA was ethanol precprtated and 
hgated to 50 ng of the HA DNA fragment for 16h at 10°C 03m 
CaCl,-treated E. coh HB101 were transfected with the ligated plasmids 
drmolved m 0 2 ml TCM (10 mM CaCl, 10 mM MgCl, 10 mM Tris HCl pH 
70)” Transformants were selected oa agar plates contaming 30 ug amp- 


analysed by m stu bybndratioo’ 
clones were picked and grown overnight m 10 m! LB proth’® contammg 
20 pg ampiallm mI”! at 37°C. Mmi-pleamd DNA preparations (1 5-ml 
cultures) were made up by a modification (ish-Horowrex, personal com- 
munaton) of the procedure of Boabolm and Doly’*. Aliquots (~0 1 pg 
plasmid) were taken for restriction enzyme digestions to determme the 
omen tahon of the mearts ta the HA DNA meert of pJHA there are only two 
Pst] sites near the 5’ end”, so a PstI digest of the pOR plasmads with mserts in 
the correct anentation for expression of HA will pve 5,800-, 1,000- and 
100-bp fragments whereas those m the wrong orientation will give 4,400-, 
2,400- and 100-bp fragments. The resultant fragments were sred on a 1.7% 
agarose gol (data not shown) 
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Fig. 2 Radioimmunoassay of HA in lysates of bacteria containing 
plasmids constructed as described in Fig. 1 legend. Bacterial lysates 
were prepared and assayed as described elsewhere'!°?°. Rabbit 
anti-HA (IgG) was purified by chromatography on Protein A- 
Sepharose?! and labelled with '*°I using iodogen as described 
elsewhere”*. To quantify antigen, a standard curve was constructed 
using different amounts of purified HA. The results were normal- 
ized to the same optical density of cells (A 59 = 0.5). 
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Fig. 3 Nucleotide sequences at the lac- HA junction of plasmids 
constructed as described in Fig. 1 legend. Only the sequence of the 
coding strand is given. pOR, expected sequence from the designed 
construction of plasmid. The nucleotide sequences were deter- 
mined by the procedures of Maxam and Gilbert®. The plasmids 
were digested with EcoRI, treated with calf intestinal phosphatase 
(Boehringer) to remove the terminal 5’-phosphates?4 and then 
radiolabelled with °?P-ATP using T4 polynucleotide kinase (PL 
Biochemicals). The fragments from a subsequent restriction digest 
with Aval were separated on a 6% acrylamide gel and those 
containing the HA insertion point were eluted and sequenced. 


the correct orientation did not yield any which contained 
sequences corresponding to the signal peptide or the entire 
mature HA protein, and showed that in no case had the clones 
lost any nucleotide sequences corresponding to the C-terminus 
of the protein. When the construction of the chimaeric plasmid 
was repeated with the modification that the EcoRI methylation 
step preceded the Ball digestion, the only clones with the HA 
insert in the correct orientation with respect to the lac promotor 
had small insertions at the Jac- HA junction (results not shown). 
The reason for the difficulty in obtaining the desired con- 
struction is not yet clear. The possibility that the eukaryotic 
hydrophobic signal sequence of the HA protein is in some way 
inhibitory or toxic for growth of E. coli is being investigated. 

The level of expression in pOR19 corresponds to ~ 3,000 
molecules of HA per cell. Quantification by RIA assumes that 
the antigenicity of the hybrid protein synthesized in E. coli is 
identical with that of the natural HA. This may not be the case as 
the hybrid protein lacks some amino acids normally at the 
N-terminus of the mature HA even though they are remote from 
the major antigenic sites on the molecule’. In addition, the 
three-dimensional structure of the hybrid protein may differ 
from that of the natural protein if the correct folding requires 
transport through a membrane and glycosylation. These factors 
may affect both the antigenicity and the stability of the bacteri- 
ally produced protein so that the above estimate of expression 
level will be a minimum value. 

This is the first report of expression of a human influenza HA 
in bacterial cells. Antigenic determinants of the HA of a related 
avian orthomyxovirus, fowl plague virus, have been expressed in 
bacteria using a tryptophan operator/promotor system'®. The 
level of expression of HA from our plasmid pOR19 is compar- 
able with that of pWT111/FPV502 (ref. 10), although higher 
levels of expression were obtained after derepression of the trp 
promotor. The expression level is also comparable with those 
reported for other eukaryotic genes expressed in E. coli®'~'*, 
As noted previously®'®, the expression levels obtained are 
considerably lower (< 10%) than those theoretically attainable. 
It has been suggested that this is due to inefficient transcription, 
inefficient translation and proteolytic degradation of eukaryotic 
molecules‘. 

The HA gene expressed in E. coli does not originate from an 
influenza strain which is currently causing disease. However, the 
methods described here are widely applicable and might be a 
basis for producing a vaccine against a current strain if the levels 
of expression can be increased. 

We thank Forrest Fuller for the gift of plasmid pOP203-13 
and Dr John Skehel for rabbit anti-Jap HA serum and purified 
HA protein. Experiments were performed under conditions 
recommended by GMAG. This work was carried out during an 
EMBO long-term fellowship for I.H. 
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The syuthesis of the precursor of the major egg- 
yolk proteins, becomes indacibie by oestrogen in Xenopus laevis 
larval liver doring ~, well betore vitellogenin is 


found im the aaciews in unstimmlated animals*’, and is itself 
syuthesixed in respouse to oesfrogem, raising the level in the 
nucleus”. Here we have measured muciear receptor levels and 
the effect of oestrogen on these during Xenopus motamorphosis. 

vitelogeain 


uninducible larvac. These and additional results frour thyro- 
static larvae suggest that an increase in the level of neclear 
receptor is necessary for the induction of vitellogenin synthesis, 
and that the onset of vitellogenin inducibility might be deter- 
mined by the ability of oestrogen to increase nuclear receptor 
levels. 


We first measured receptor levels in salt extracts of liver nuclei 
from untreated and oestrogen-treated larvae at six different 
stages during metamorphosis, using methods® which maximize 
the yield of soluble receptor from adult liver nuclei, but which 
would not extract any insoluble receptor. Figure 1 shows exam- 
ples of the Scatchard plots of total "H-oestradiol binding for four 
of the six stages examined. In all cases, the curved Scatchard 
plots could be resolved into two components’° with the high- 
affinity component having a dissociation constant close to 0.50 x 
10~°M, the value found previously‘ for the oestrogen receptor in 
the adult. The relative amounts of low-affinity binding were 
estimated from the limiting bound/free values, which are pro- 
portional to the numbers of non-suppressible binding sites. The 
relative amounts of receptor and low-affinity binding were very 
different at different stages and the ratio was affected by 
oestrogen treatment. For example, the low-affinity component 
accounted for most of the binding in both untreated and 
oestrogen-treated stage 54 larvae, but for a much lower propor- 
tion in stage 66 animals and an even lower proportion in the 
same animals after oestrogen treatment. The larval livers were 
probably contaminated with plasma as it was not practicable to 
perfuse them; this could account for the often large amounts of 
low-affinity binding in the nuclear extracts. Neither proges- 
terone, testosterone nor dexamethasone could bind to the larval 
receptor, and we conclude that the oestrogen receptors of larval 
and adult liver are indistingnishable by the criteria used here. 

Figure 2 shows the number of receptor sites and the relative 
amounts of low-affinity binding present at various develop- 
mental stages. In untreated larvae the amount of receptor 
increases gradually from 49 sites per nucleus at stage 54 to 74 
sites per nucleus at stage 66 (Fig. 2a). This compares with 100 
sites per nucleus in the adult male‘ and shows that there is, at the 
most, a twofold increase in the amount of nuclear receptor 
between stage 54 and the adult. In contrast, the amount of 
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low-affinity binding decreased about twofold between stage 54 
and 3 months post metamorphosis (Fig. 2b). Vitellogenin 
synthesis is not inducible in larval liver before stage 62, but is 
clearly inducible at stage 62 during metamorphic climax, and 
inducibility increases during the completion of metamorphosis 
(stages 62-66) and the 3 months following it*. This study there- 
fore establishes that the nuclear receptor is present in Xenopus 
liver before vitellogenin synthesis becomes inducible, and shows 
that the presence of the receptor is not by itself responsible for 
vitellogenin inducibility. ; 
Figure 2a also shows the levels of nuclear receptor in 
oestrogen-treated larvae. In the three earliest stages, oestrogen 
had no effect on the nuclear receptor levels but from stage 62 
onwards it progressively increased them, so that by 3 months 
after metamorphosis the increase in the nuclear receptor level 
was the same as that found in adult males after oestrogen 
treatment’. Oestradiol treatment did not alter the affinity of the 
receptor at any stage. The amount of low-affinity binding was 
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Bound stes (c.p m x 107?) 
Fig. 1 Affinity of "H-oestractol bmding in nuclear extracts of Iver from 


god at 800g for 10 min and the pellet resuspended 
m extraction buffer (0.5 M KCI, 0.01 M Tris-HCI, 1 mM 2-mercaptocthanol, 
10% glycerol, 150 pg mm yiftuorkde and 50 mM 
Bacttrechn, pH 7.3) at 2 ml per g of orgmal tissue, frorea and thawed, thea 
homogenteed m a smal all-glass homogenizer. The nuclear extract was then 
centrifuged m a cooled Beckmann microfuge for 4 min and the supernatant 
stored in Bquid nitrogen until uso Glass columns (9.5x0 4cm diameter) 
were pecked with Sephadex LH-20 which had been swollen m extraction 
buffer and then equilfbrated at 4°C. To remove endogenous 


into scmtilant (10 ml containmg. PPO (diphenyloxarole), 4g; POPOP 
(p- phenylenephenyloxrarolc), 0.1 g per litre of toluene) Equihbrrum bind- 
from the binding curves We plotted the total 

according to Scatchard’ and determined the 
inmnitmg bound/free ratio reached after the high-affinity component becomes 
saturated. This ratio was used to calculate the jow-affinity binding at sach 
free ligand concentration, thts was subtracted from the total binding to grve 
the bmchng due to the high-affinity component, which was then analysed 
according to Scatchard’? to grve the K , and number of binding sites. To study 
the effect of oestrogen, larvae wore mmersed for 3 days m 1 pub oestradiol 
in water, which was renewed daily, before staging them and removing ther 
hvers The total *H-oestrachol binding was determined at various concen- 
trabons of *H-oestradiol m untreated (O) or oestrogen-treated (@) larvae 
and the Ingh-effinrty bindmg asszyod m untreated (C) or cestrogen-treated 

(ED livers (as described above) at stage 54 (a), 57 (b), 62 (c) or 66 (d). 
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Fig.2 Average number of high-affinity oestrogen-binding sites per nucleus 

(a) and the limiting bound/free ratio (6) as a measure of low-affinity binding 

in Xenopus liver during metamorphosis. At least two measurements were 

made at each stage. ©, Untreated and @, oestrogen-treated larvae. 

also increased by oestrogen treatment, but here the increase was 
greatest at the onset of metamorphic climax (stage 59) and much 
lower at later stages, being only twofold at stage 66. In contrast, 
the amount of nuclear oestrogen receptor was first increased by 
oestrogen treatment at stage 62, when vitellogenin synthesis 
becomes inducible. This suggests that the ability of oestrogen to 
induce vitellogenin synthesis at a certain stage during develop- 
ment is closely connected with its ability to increase receptor 
levels. We examined this relationship in further experiments. 

An important advantage of developmental studies on Xeno- 
pus is that larval development can be arrested in late pre- 
metamorphosis using compounds such as propylthiouracil 
(PTU). As these animals age, events which would occur if they 
were developing normally will take place only if they do not 
depend on metamorphic development. This has allowed us to 
show’ that only half the alterations in liver protein synthesis 
normally associated with metamorphosis are dependent on 
developmental stage rather than on chronological age. If two 
events which occur during development retain the same 
temporal association in developmentally arrested animals, 
additional evidence is provided that one event requires the 
occurrence of the other. We therefore measured the level of 
oestrogen receptor and the effect of oestrogen on this level in 
liver from developmentally arrested larvae. The animals were 
first kept for 1 yr in water containing 10 pg ml”! (0.58 mM) 
PTU, which was changed every 2 weeks. This arrested 
development at stage 54, but did not inhibit growth, so that at 
the time of use the thyrostatic larvae were considerably larger 
than normal larvae of the same developmental stage. Vitel- 
logenin synthesis was uninducible in the stage 54 thyrostatic 
animals, but Fig. 3 shows that there was as much receptor (100 
sites per nucleus) in the livers of these larvae as in adult males, 
confirming that receptor alone cannot confer inducibility. Figure 
3 also shows that the level could not be increased by oestrogen 
treatment, so that in this respect the thyrostatic larvae at stage 
54 behaved like normal larvae of the same stage. The amount of 
low-affinity binding was somewhat higher in arrested larvae and 
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was increased about twofold by oestrogen treatment whereas in 
normal larvae oestrogen had no effect on the amount of low- 
affinity binding. 

Animals were then removed from PTU and allowed to 
metamorphose, and the nuclear oestrogen binding was 
measured at various stages during this delayed metamorphosis 
(Fig. 3), before and after treatment with oestrogen. Whereas the 
level of induction of the low-affinity binding decreased (Fig. 35), 
the nuclear receptor levels were increased by oestrogen 
treatment from about stage 60 (Fig. 3a), the stage at which 
vitellogenin synthesis becomes inducible in these animals*. The 
increased level of the receptor in stage 62 animals which had 
previously been kept in PTU was about the same as in normal 
animals of a similar stage (Fig. 2a). In all cases the dissociation 
constant of the receptor found in larvae that had been treated 
with PTU was 0,50+0.05 x 10°° M, the value found for normal 
larvae. 

These results show that while the normal, small rise in recep- 
tor content to the level found in adult males does not require 
metamorphosis, the ability of oestrogen to increase receptor 
levels does. In addition, in both normal and arrested animals 
oestrogen can first increase the level of nuclear receptor at the 
developmental stage when it can first induce vitellogenin 
synthesis. This precise correlation suggests that an increase in 
the level of nuclear oestrogen receptor is required for the 
induction of vitellogenin synthesis, and that the ability of 
oestrogen to increase the level of its receptor is in some way 
responsible for the appearance of vitellogenin inducibility. 
These data are consistent with results from other steroid- 
responsive systems'''? where the rate of accumulation of the 
steroid-induced protein and its mRNA is thought to be deter- 
mined by the level of nuclear receptor. In these systems the 
increase in nuclear receptor levels after hormone treatment is 
largely the result of translocation from a pre-existing pool of 
cytoplasmic receptor whereas in Xenopus liver it is probably due 
to synthesis of the receptor’. We have previously described’ a 
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Fig. 3 Number of high-affinity oestrogen-binding sites per nucleus (a) and 
the limiting bound/free ratio (b) as a measure of the low-affinity binding 
in the livers of thyrostatic or previously thyrostatic Xenopus larvae. 
O, Untreated and @, oestrogen-treated larvae. 
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set of cellular proteins whose synthesis is influenced by 
oestrogen in larval liver before stage 62. Our data show that an 
elevated level of liver nuclear oestrogen receptor is not induced 
by oestrogen in animals of this stage. A model has been pro- 
posed’ ™!? in which different levels of nuclear oestrogen receptor 
are required to induce transcription of different genes, perhaps 
reflecting different affinities or numbers of nuclear acceptor 
sites, and our results are consistent with this type of model. 
F.E.B.M; thanks the MRC for a Scholarship for Training in 
Research Methods. This work was supported by the MRC. 
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The turnover of collagen, the major protein of the body, is 
controlled by the rate of collagen synthesis and the activity of 
collagenase, a highly specific protease which initiates collagen 
degradation. Because collagen is largely resistant to other pro- 
teases, collagenase is believed to have an important regulatory 
role in such normal processes as tissue remodelling, wound 
healing and ageing. In addition, the regulation of the activity of 
collagenase may be altered in diseases of connective tissue, 
particularly rheumatoid arthritis, and in malignant invasion and 
metastasis. Collagenase is an extracellular enzyme, and thus it 
has been necessary to study its regulation in cells maintained in 
tissue culture, by measuring accumulation of the secreted pro- 
tein in the culture medium. In this way, collagenases have been 
isolated from many tissues and cells*-’. Little is known about the 
modulation of collagenase synthesis and secretion, but various 
treatments have been reported that induce its secretion in 
mammalian cells in monolayer culture”, possibly by a 
mechanism involving membrane perturbation. We report here 
the production and secretion of collagenase by BALB/c 3T3 
fibroblasts. Their ability to synthesize collagen’**” has been 
extensively studied, but there has been no previous report of 
their collagenolytic activity. During studies of collagenase 
activity in BALB/c 3T3 cells, we noted that certain cultures had 
greatly increased enzyme activity corresponding to cultures in 
which contamination with mycoplasmas had been detected dur- 
ing routine assay. Here we present evidence that infection of 
cultares of BALB/c 3T3 cells with mycoplasmas results in the 
accumulation of high levels of collagenase in the medium. 
Figure 1 shows the time course of accumulation of collagenase 
activity in the culture medium of BALB/¢3T3 cells known to be 
infected with mycoplasmas. Replicate cultures of BALB/c 3T3 
cells were established and allowed to achieve confluence. Then 
the culture medium was changed and this point was taken as day 
0 of culture. On each successive day from 1 to 9, the medium 
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from duplicate dishes was collected and assayed for collagenase 
activity as described in Fig. 1 legend. Collagenase activity began 


to accumulate in the medium at about day 2, increased rapidly o 


for the next 2 days, and then began to decline slowly. We do- not” 
know whether this decrease in accumulated collagenase activity 
is due entirely to an increase in rate of inactivation that-even- 
tually exceeds the rate of synthesis, or whether the rates of 
synthesis and secretion also decline. No collagenase activity was 
detected in medium not treated with trypsin; all the collagenase 
secreted was therefore in an inactive form. In addition, cell 
homogenates had no detectable collagenase activity, either 
active or trypsin-activable, indicating that most or all of the 
collagenase. synthesized by 3T3 cells is secreted into the 
medium. Cell numbers did not, within experimental. error, 
change in the period of collagenase accumulation iduring the 
first 4 days after medium change), in uninfected, newly infected 
or chronically mycoplasma-infected cultures. Cell densities in 
infected and uninfected cultures were similar at confluence and: 
throughout the period of collagenase production. | 
The contaminating microorganism in the 3T3 cultures with 
high collagenolytic activity was identified as Mycoplasma orale 
on the basis of a growth inhibition test using dried antiserum- 
impregnated disks”. The induction of collagenolytic activity in 
cultures of BALB/c 3T3 cells by infection with mycoplasmas 
was demonstrated by adding an aliquot of pure mycoplasma 
culture, obtained as described above, to uninfected cells, which 
had low but measurable activity. The time course of the 
appearance of collagenolytic activity in these newly infected 
cultures is shown in Fig. 2. In this experiment confluent cultures 
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Fig. 1 Accumulation of collagenase activity in medium of BALB/c FEF 
cultures. BALB/c 3T3 cells were grown in Eagle’s minimum essential 
medium (Gibco) with fourfold increased concentrations of vitamins and 
amino acids (Gibco) plus 10% fetal calf seram (Gibco), 100 U ml! penicillin 
and 100 ug mi~? streptomycin (Sigma). The cells were plated into 10-cm 
plastic tissue culture dishes (Costar) containing 15 mi of medium. After the 
cells reached:confluence, the medium in all dishes was replaced with fresh 
medium (day 0), and the cells maintained in these media forthe time 
indicated. Media were collected from replicate cultures at the times 
indicated, centrifuged to. remove debris, and brought to 0.1 M Tris-HCl pH 
7.5, and 0.05% sodium azide. Collagenase was precipitated from the condi- 
tioned medium by the addition of ammonium sulphate to 60% saturation, 
The precipitated protein was dissolved in, and dialysed against 0.03M 
Tris-HCI, pH.-7.5, 0.01 M CaCl, 0.05 M NaCl and 0.05% sodium azide: A 
15-fold concentration of the starting volume was consistently achieved. All 
samples were then assayed for collagenase by measuring the release of 
soluble peptides from native collagen fibrils reconstituted at 37 °C (ref. 27). 
Each reaction mixture contained 36 pg of “C-collagen in 10 lof Gt M 
Tris-HCl, pH 7.5, 0.1 M NaCl, COTM CaCl, and 6.05% sodium azide. The 
collagen had been radiolabelled by in vitro methylation to a specific activity 
of 667 c.p.m. per wg. A 30-pl aliquot of the collagenase preparation was 
added to the gelled collagen and treated with 30 ug of trypsin (Sigma no. 
T-1005) at room temperature for 45 min to activate the collagenase. A 
fourfold excess of soybean trypsin inhibitor (Sigma) was then added. Repli- 
cate reactions were incubated for increasing times at 37°C and were 
terminated by centrifugation at 8,000g for 10 min. The entire supernatant 
fraction containing the digested collagen was counted in a liquid scintillation 
spectrometer. Blanks, which contained the same additions, including trypsin 
and trypsin inhibitor but no collagenase, were also run for each time of assay. 
Radioactivities released in these control reactions, which was generally less 
than 5% of the experimental (collagenase-containing) samples, were 
subtracted from the data shown. Units of collagenase activity were detere 
mined from the linear portion of each rate curve, Identical resulta were 
obtained in samples activated by dialysis against 1 mM APMA at 4°C, in 
place of trypsin treatment. 





0028-0836 /81/350855—-03$01.00 








@ 1981 Macmillan Journals Lid 





856 


were established as described in Fig. 1 legend and the medium 
replaced with 15 ml of fresh medium to which was added 0.45 mi 
of a broth culture containing ‘mycoplasmas. Control cultures 
received only fresh medium. Subsequently, the media were 
collected every 4 days and replaced by 15 ml-of fresh:medium. 
The media were assayed for collagenase activity as described in 
Fig. 1 legend. 

As shown in Fig. 2, uninfected cells secreted relatively low 
levels of collagenase activity during each of the 4-day collection 
periods, whereas newly infected cells secreted increasing 
amounts of collagenase with time after infection. During the first 
4 days, medium collected from both newly infected and control 
cultures had equivalent collagenase activity. However, during 
the second 4-day period, cultures infected with samples of 
mycoplasmas contained substantially increased collagenase 
activity. Medium from these infected cultures collected during 
the third 4-day period showed even higher collagenase activity, 
equal to that produced by cultures that had been infected before 
the start of the experiment (also shown in Fig. 2) and in which the 
level of collagenase activity had stabilized. In addition, parallel 
uninfected cultures received 0.45 ml of medium from infected 
3T3 cultures instead of pure cultures of mycoplasmas. 
Collagenase activity in these cultures, also shown in Fig. 2, 
increased with a time course similar to that of the cultures 
treated with pure mycoplasmas. The increased level of 
collagenase activity in the third collection of medium from 
control cultures may be due to stimulation by accumulated 
collagen in the cultures; these cells are known to secrete and 
deposit collagen, which has been recently reported to stimulate 
the synthesis and secretion of collagenase®. On subculture, the 
level of collagenase in the control (uninfected) cell cultures 
dropped to the original level, while those in infected cultures 
remained high. The levels of collagenase that accumulate in 
culture medium exposed for 4 days to mycoplasma-infected cells 
are ~ 4.3 U per 10° cells (1 U = 1 ug collagen degraded per min 
at 37 °C). Uninfected (control) 3T3 cells produce <0.25 U per 
10° cells. This is similar to the unstimulated /stimulated levels 
calculated from data reported for human skin fibroblasts 
exposed to collagen (0.36/7.14 U per 10° cells; see ref. 8), for 
rabbit corneal cells stimulated by lymphocytes from alkali- 
burned animals (0.7/6.1 U per 10° cells; ref. 16) and for human 
synovial fibroblasts stimulated by cytochalasin B (0.64-1.6/7.7— 
7.1 U per 10° cells; ref. 12). 

The various cultures used in the experiment shown in Fig. 2, 
were re-examined for the presence of mycoplasmas. The control 
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Fig. 2 Induction of collagenase activity in BALB/c 3T3 cultures after 
infection with mycoplasmas. BALB/c 3T3 cells were grown as described in 
Fig. 1 legend. After the cells reached confluence, the medium in all dishes 
was replaced with fresh medium (day 0). At this time, duplicate cultures 
received 0.45 ml of fresh medium (stippled bars); 0.45 ml of medium from 
infected BALB/c 3T3 cultures (solid bars); or 0.45 ml of a broth culture of 
mycoplasmas (cross-hatched bars). Parallel cultures of BALB/c 3T3 cells 
were grown in which mycoplasma infection had been previously established 
(open bars). Media were collected from each of these cultures every 4 days 
aver a 12-day period and replaced with fresh media. After collection, the 
media were centrifuged to remove debris and brought to 0.05 M Tris-HCI, 
pH7.5, and 0.05% sodium azide. Collagenase was measured as described in 
Fig. 1 legend. 
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“Fig. 3° SDS-polyacrylamide: gel élec- 
trophoresis of collagen after reaction 
with BALB/c 3T3 collagenase. Lane 1, 
24 wg of “C-collagen before incubation 
with collagenase. Lane 2, 24g “C- 
collagen “incubated with partially 
purified collagenase at 23°C for 24h. 
The reaction mixture contained 12 ng 
of partially purified collagenase and 
24g of '*C-collagen in a solution 
consisting of 0.05 M Tris-HCI, pH 7.5, 
QOLM CaCl, 0.05M NaCl, 1mM 
phenylmethylsulphonyl fluoride, 0.04% 
sodium azide and 6.25% glycerol in a 
final volume of 32 wl. The collagenase 
used was purified by precipitation with 
(NH,),S8O, (40-60% saturation), batch 
elution from phosphocellulose, gradient 
elution from QAE-Sephadex A-50, 
gradient elution from phosphocellulose, 
and gel filtration on Sephadex G-100. 
The collagen had been radiolabelled by 
in vitro methylation®® to a specific 
activity of 667 c.p.m. per pg. The reac- 
tion was stopped by the addition of ice- 
cold 10% trichloroacetic acid. The pro- 
tein was allowed to precipitate and then 
collected by centrifugation at 8,000g for 
15 min. The protein pellet was rinsed 
twice with acetone, dried and dissotved 
in 20 ul of electrophoresis sample buffer 
containing 10% glycerol, 0,1M 
dithiothreitol, 2% SDS, 0.08 M Tris- 
HCI, pH 6.8, and 0.2% bromophenol 
blue. The sample was heated to 95°C for 5 min then subjected to SDS- 
polyacrylamide gel electrophoresis (0.1% SDS in 12% polyacrylamide) 
according to the method of Laemmli”, The gels were stained with Coomas- 
sie blue, dried and autoradiographed using Kodak X-Omat R film. The 
figure shows the autoradiograms of these gels. In lane 1, the positions of the 
a, B- dimer, a, anda, are indicated. In lane 2, almost all the B- dimer, as well 
as most of the a , and æ, polypeptides, have been digested. The positions of 
B-TC^, the large cleavage product of B, anda ,-TC* and æ,- TC’, the large 
cleavage products of œ, anda, are indicated. The unlabelled arrow indicates 
the position of TC®, which can be visualized by overexposing the autoradio- 
gram or by incubating reaction mixtures with collagenase for shorter times. 





cultures contained no detectable mycoplasmas, whereas the 
remaining three cultures, all of which showed increased 
collagenolytic activity, were infected. We have therefore 
concluded that infection of BALB/c 3T3 cells with mycoplas- 
mas results in the increased accumulation of extracellular 
collagenase. 

The collagenase produced by cultures of BALB/c 3T3 cells 
infected with M. orale seems to be a product of the murine 3T3 
line, rather than that of the mycoplasma. We base this 
conclusion on the following evidence. (1) BALB/c 3T3 cells 
produce collagenase, although at a much lower level, before 
infection. (2) Mycoplasma organisms in broth, or transferred to 
culture medium in dishes containing no 3T3 cells, demonstrated 
no collagenase activity when assayed in the same conditions as 
BALB/c 3T3 culture medium. (3) We have partially purified the 
enzyme and found it to be similar to previously reported mam- 
malian collagenases. Briefly, it degrades collagen at neutral p H; 
in crude preparations it requires treatment with trypsin or 
p-aminophenylmercuric acetate (APMA) for maximal activity; 
and it is completely inhibited by EGTA, orthophenanthroline 
and serum, partially inhibited by cysteine and dithiothreitol, and 
not inhibited by phenylmethylsulphonyl fluoride or soybean 
trypsin inhibitor. Most significantly, and in direct contrast to 
bacterial collagenases, collagenase purified from culture 
medium of mycoplasma-infected BALB/c 3T3 cleaves collagen 
into characteristic three-quarter length TC* and one-quarter 
TC® fragments, as shown in Fig. 3. 

Thus, it seems that BALB/c 3T3 cells can synthesize and 
secrete relatively low levels of collagenase in normal circum- 
stances. Infection of BALB/c 3T3 cells with mycoplasmas 
results in a significant increase in the accumulation of 
collagenase in the culture medium. Infected cultures of 
confluent cells show uniformly high levels of collagenase activity 
even after subculturing. In addition, the ability of mycoplasmas 
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to induce the synthesis and/or secretion of collagenase is not 
limited to BALB/c 3T3 cells. We have shown that cultures of 
chick fibroblasts also give dramatic increases in the level of 
extracellular collagenase activity on infection with mycoplasmas 
(data not shown). The induction of collagenolytic activity in cells 
by infection with mycoplasmas may have important clinical 
implications in terms of the development and persistence of 
connective tissue diseases. Mycoplasmas are recognized as 
agents possibly contributing to the establishment of rheumatoid 
arthritis in humans?!” and are known to cause chronic arthritis 
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in certain animal species*’; increased levels of collagenase have 
been associated with joint destruction in rheumatoid’*** and 
osteoarthritic’* conditions. It seems reasonable to hypothesize 
that the involvement of mycoplasmas in disease states stems, at 
least in part, from their induction of collagenase. 
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Avian lymphoid leukosis viruses (LLVs) are oncogenic retro- 
viruses which induce tumours with relatively long latent periods 
and which seem to lack viral transforming genes’. We previously 
reported that high molecular weight DNAs of seven LLV- 
induced tumours efficiently transformed NIH 3T3 mouse cells 
on transfection and that the transformed NIH cells did not 
contain viral DNA sequences detectable by hybridization with 
probes homologous either to the entire LLV genome or to the 
long terminal redundancy (LTR) of LLV DNA?. These results 
suggested that oncogenesis by LL Vs involved indirect activation 
of cellular transforming gene(s) which were not linked to LLV 
DNA. Hayward et al.* recently found that 80-90% of LLV- 
induced metastatic bursal lymphomas contained exogenous 
LTR sequences near the cellular gene (c-myc) homologous to 
the presumptive transforming gene of myelocytomatosis virus 
strain MC29, a highly oncogenic avian acute leukaemia virus. 
Integration of LTR sequences containing the viral transcrip- 
tional promoter apparently increases transcription of c-myc in 
these lymphomas*. We now report that the LLV-induced 
tumours used as donors of DNA in our previous transfection 
experiments also contain LTR sequences near c-myc. However, 
further analysis of the NIH cells transformed by DNAs of 
LLV-induced bursal neoplasms indicates that transformation 
was not mediated by transfer of the tumour c-myc gene. These 
observations suggest that at least two different cellular genes 
with potential oncogenic activity are activated by different 
mechanisms in LLV-induced neoplasms. 

DNAs of LLV-induced tumours were digested with EcoRI, 
electrophoresed in agarose gels, transferred to nitrocellulose 
filters and hybridized to **P-DNA probes for either the 5’ LTR 
sequences of LLV DNA (p53-5' probe) or for the chicken c-myc 
gene (pmyc probe, a gift of C. Pachl and M. Groudine) (Fig. 1). 





32P-DNA of pmyc hybridized to two EcoRI fragments of normal 
chicken DNA with molecular sizes of ~14 and ~20 kilobases 
(kb) (Fig. 1). The 14-kb EcoRI fragment of normal chicken 
DNA is similar to the c-myc- containing EcoRI fragment* and 
appears to contain all the chicken c-myc sequences. In addition 
to the 14- and 20-kb EcoRI fragments of normal chicken DNA, 
2p.DNA of pmyc hybridized to a tumour-specific EcoRI 
fragment in DNAs of two neoplastic bursal nodules (T° and T¢ 
2993), a metastatic bursal lymphoma (2902) and a nephro- 
blastoma (3000) (Fig. 1). In each case, the tumour-specific 
c-myc-containing EcoRI fragment also hybridized to p53-5' 
probe (Fig. 1). Similar results were obtained with DNAs of a 
second metastatic lymphoma (B7362) and of a cell line derived 
from such a lymphoma (RP9) (not shown). 

These observations are consistent with the findings of Hay- 
ward et al.?. As an EcoRI site is present within the LTR of 
exogenous LLVs*, integration of an LTR near chicken c-myc 
in the tumour DNAs results in formation of a tumour-specific 
EcoRI fragment containing both 5’ LTR and c-myc sequences. 

EcoRI-digested DNAs of NIH cells transformed by DNAs of 
the lymphoma cell line RP-9, metastatic lymphoma B7362, 
bursal nodule T° 2993 and bursal nodule 2999 were hybridized 
to pmyc probe to determine whether the transformed NIH cells 
contained c-myc sequences derived from the tumour DNAs 
(Fig. 2). The c-myc- containing EcoRI fragment of 14 kb was 
readily detectable in normal chicken DNA, which was included 
as a positive control. In contrast, c-myc sequences were not 
detected in NIH cells transformed by LLV-induced tumour 
DNAs. Although we have detected normal mouse sequences 
homologous to chicken c-myc as faintly hybridizing EcoRI 
fragments of ~10 kb in NIH 3T3 DNA, these bands are too faint 
for photographic reproduction. The absence of chicken c-mtye 
sequences in NIH cells transformed by LLV-induced tumour 
DNAs indicates that the transforming gene of these tumours 
detected by transfection is different from the c-myc gene 
activated in the tumours by integration of LTR sequences, 

LLV-induced tumours thus appear to contain at least. two 
different genes with potential oncogenic activity: a cmyc gene 
activated by integration of a viral LTR and a distinct cellular 
gene capable of efficiently transforming NIH 3T3 cells. As both 
genes are present in most or all LLV-induced tumours so far 
studied’, including a nephroblastoma, premetastatic bursal: 
nodules and metastatic bursal lymphomas, it would seem that. 
both genes are important in LLV-induced” oncogenesis. 
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2993 2902 3000 Fig. 1 Analysis of LLV-induced tumour DNAs. 
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pee hae Pe koa Do p> pre. p535 from bird no. 2993, from a metastatic bursal lymphoma 
Bu qe + Te + Bu RC 79 719 RC K q 0 K (T°) and erythrocytes (RC) from bird no. 2902, and from 








a small nephroblastoma (T"*) and normal kidney from 
bird 3000 were subjected to agarose gel electrophoresis 
and Southern blot hybridization” using **P-DNA 
probes prepared by nick-translation of pmyc and p53- 
3’. pmye contains a 3.2-kb Ssfl fragment which was 
subcloned in a derivative of pRR322 containing a single 
Sstl site from a bacteriophage A clone of c-myc isolated 
from the A library of random chicken DNA fragments 
prepared by Dodgson er al.'". p53-5' was a fragment of 
p53') and contains the sequences (165 bp) from the 
EcoRI site in viral LTR to the terminus of linear LLV 
DNA. Tumour-specific fragments which contain both 
c-myc and p53-5’ sequences are indicated by arrows. 
Additional tumour-specific fragments containing p53-5' 
sequences are indicated by circles. Molecular sizes (kb) 
are indicated for the normal chicken DNA fragments 
detected with pmyc probe (14 and 20 kb) and for the 
internal EcoRI fragments of LLV DNA detected pre- 


c- mycRI aus) viously’? with probes representative of the entire LLV 
+ 4 Lus] i genome (1.0, 2.3 and 3.6 kb). 
Sst | Sst ! EcoRI 
a T panssa 
pmyc p53-5 


Activated cellular transforming genes which are not linked to 
viral DNA have also been detected by transfection of DNAs of 
mammary carcinomas induced by mouse mammary tumour 
virus which, like LLV, induces tumours with long latent periods 
and does not appear to contain a viral transforming gene’. 

The pathogenesis of LLV-induced lymphomas suggests a 
multi-step process probably involving more than a single trans- 
formation event*. Activation of c-myc may therefore be 
involved in a stage of tumour development which precedes or 
complements activation of the transforming genes detected by 
transfection. Further studies will be required to define the roles 
of these two potential transforming genes in the disease. 

We thank M. Groudine and C. Pachl for the c-myc clone, W. 
Hayward and S. Astrin for communicating their results before 
publication, and D. Macdonnell and S. Okenquist for technical 
assistance, These studies were supported by NCI grants 
CA21082, CA20068 and CA28151. 





Fig.2 Absence of chicken c-myc sequences in transformed NIH 
cells. EcoRI-digested DNAs (20 ug) of normal chicken embryo 
fibroblasts (lane 1), NIH 3T3 cells (lane 2), two independent lines 
of NIH cells transformed by DNA of bursa! nodule T“ 2993 (lanes 
3 and 4), two independent lines of NIH cells transformed by DNA 
of bursal nodule 2999 (lanes 5 and 6), NIH cells transformed by 
DNA of metastatic bursal lymphoma B7362 (lane 7) and NIH cells 
transformed by DNA of lymphoma cell line RP9 (lane 8) were 
analysed by blot hybridization with pmye probe. 
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Oligopeptides containing aromatic amino acids can preferen- 
tially form stacked complexes with single-stranded nucleic 
acids’. Moreover, the peptide lysyl-tryptophyl-a-lysine (Lys- 
Trp-Lys) binds efficiently to locally destabilized regions in DNA 
after UV irradiation’ or modification by N-acetoxy-N(2)- 
acetylaminofluorene®. Lys-Trp-Lys also photosensitizes the 
cleavage of pyrimidine dimers in DNA”. We have recently 
shown that removal of purines in DNA introduces strong bind- 
ing sites for this tripeptide through very efficient stacking of the 
tryptophyl residue with nucleic acid bases at apurinic sites’. We 
report here that incubation of partly depurinated DNA with 
Lys-Trp-Lys results in a specific cleavage of the DNA backbone 
probably due to the presence of the amino groups brought by the 
peptide into close proximity with the apurinic sites. This could 
provide a model for the enzymatic activity of AP endonucleases 
which are involved in the first step of the in vivo repair of 
apurinic site-containing DNA”*, 
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The binding of the peptide Lys-Trp-Lys (P) to nucleic acids 
(N) involves the formation of two complexes C, and C, accord- 
ing to a two-step model proposed earlier’: 


Ky K; 
P+N ze C eC, 


The tryptophyl ring of the peptide is stacked with nucleic acid 
bases in complex C, whereas only electrostatic interactions 
occur in complex C;. With a DNA containing apurinic sites the 
value of K2, which measures the ratio of the concentrations of 
stacked and unstacked complexes, is much higher than for any 
form of DNA damage previously studied**, The values of K, for 
a native and an apurinic site are 0.3 and ~200, respectively®. 
Because of the high value of K, and the unmodified value of K, 
(ref, 6), the overall association constant [K, (1+ K,2)] is more 
than two orders of magnitude higher for an apurinic site than for 
a native site, The peptide Lys-Trp-Lys can therefore recognize 
apurinic sites in a double-stranded structure through stacking 
interactions. The tryptophyl ring occupies the vacant site left by 
the removal of a purine’. 

To test the ability of Lys-Trp-Lys to cleave the DNA back- 
bone at apurinic sites, an average of two purines were removed 
from supercoiled covalently closed PM; DNA molecules (see 
Fig, 1 legend and ref. 9). Cleavage of one strand per DNA 
molecule converts the supercoiled DNA (form I) into the 
relaxed form (form II). As the electrophoretic mobilities of these 
two forms are different, agarose gel electrophoresis can be used 
to visualize single-strand breaks. Incubation of PM, DNA 
containing two apurinic sites in the presence of Lys-Trp-Lys 
resulted in a decrease in the intensity of the band corresponding 
to form I and a simultaneous increase in the intensity of the band 
corresponding to form II (results not shown). This effect was not 


40 


° , Of relaxed DNA 








Time (min) 


Fig. 1 Kinetics of single-strand break production in closed 
supercoiled PM, DNA containing two apurinic sites on incubation 
at 37 °C with Lys-Trp-Lys (@), Lys-Tyr-Lys (W), Lys-Gly-Lys (A) 
or alone in the same conditions (control, 0). PM, DNA without 
apurinic sites was also incubated with Lys-Trp-Lys (1), PM; DNA 
containing 70% supercoiled molecules was incubated for 8 min at 
70°C in 0.1 MNaCl, 10 mM phosphate, 10 mM citrate (pH 5) to 
introduce about two apurinic sites per molecule’. These DNA 
samples were precipitated with ethanol and redissolved in 1 mM 
NaCl, 0. 2 mM EDTA and 1 mM sodium cacodylate (pH 6). 10 pl 
of 10°* M peptide solutions were added to 10 wl of 2x 1074 M 
DNA substrate at 37°C. After the indicated time the solutions 
were withdrawn and diluted with 6 yl of a solution containing 50% 
glycerol and 0.1% bromophenol blue. The mixtures were loaded 
onto 0.8% agarose gels and the gels stained with ethidium 
bromide. Agarose gels were photographed and negatives were 
scanned with a spectrodensitometer. The ratio of relaxed and 
supercoiled DNA was estimated from the areas under the cor- 
responding peaks. 
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observed when native DNA without apurinic sites was 
incubated with the peptide, indicating that the cleavage is 
related to the presence of apurinic sites in DNA, The amount of 
relaxed DNA molecules increased with the timè of incubation: 
35% of supercoiled DNA was cleaved after 60 min at 37 °C (Pig. 
1). In the absence of Lys-Trp-Lys, incubation at 27°C had a 
negligible effect on DNA containing apurinic sites (Fig. 1) 
whereas 1h incubation of apurinic DNA with the peptide 
Lys-Gly-Lys resulted in the canversion of only 6% supercoiled 
DNA containing two apurinic sites to open DNA. The 
endonucleolytic activity is therefore clearly related to the 
specificity conferred to Lys-Trp-Lys by stacking interactions 
between the indole ring and nucleic acid bases, with the indole 
ring replacing the missing purine’. A tyrosine-containing 
peptide, Lys-Tyr-Lys, exhibited the same catalytic activity as 
Lys-Trp-Lys (Fig. 1), providing indirect evidence th 
tyrosyl residue does stack with nucleic acid bases a 
sites. 

Curves similar to those shown in Fig. 1 were obtained using 
fluorescence emission of intercalated ethidium bromide as a 
probe’’, Intercalation of ethidium bromide molecules is 
favoured in relaxed relative to supercoiled DNA". The ethi- 
dium bromide fluorescence emission was higher for apurinic 
DNA samples incubated with Lys-Trp-Lys than for DNA alone 
or for DNA incubated in the presence of Lys-Gly-Lys (results 
not shown). The time dependence of ethidium bromide fluores- 
cence enhancement was similar to that of cleavage measured by 
gel electrophoresis. 

The presence of an aromatic amino acid residue brings amino 
groups of lysyl residues into the vicinity of apurinic sites. At an 
apurinic site in DNA, the deoxyribose residue occurs in equiti- 
brium between the free aldehyde and the furanose forms'', and 
the previously reported effects of amines on the rate of chain 
cleavage probably depend on an interaction with these alde- 
hydic groups'*. The present data suggest that the specific bind- 
ing of Lys-Trp-Lys to apurinic sites enhances the local amine 
concentration, The different amines investigated by Lindahl and 
Andersson which promoted chain breakage at apurinic sites in 
DNA were added at 10*-fold higher concentrations than those 
used with Lys-Trp-Lys'’, 

The mechanism of Lys-Trp-Lys-induced strand breakage is 
unknown. Cleavage could involve the formation of a Schiff base 
between the aldehydic group of the ribosyl moiety at apurinic 
sites and an amino group of the peptide and/or a @- elimination 
reaction, as has been proposed for the cross- linking of histones 
to DNA after methylation followed by depurination’*, To locate 
the NH group involved in cleavage we are now investigating the 
activity of peptides in which the indole ring is separated from the 
potential ‘active site’ by glycyl residues (results to be reported 
elsewhere). 

Our results show that the peptide Lys-Trp-Lys mimics both 
the damage specificity and the catalytic activity of endonucleases 
specific for apurinic sites (AP endonucleases). Stacking imer- 
actions provide a simple tripeptide with the essential recognition 
specificity required for this activity. 

This work has been supported by INSERM (ATP 77.75 
CRL 79,403.32) DGRST (ACC 79.7.1039), ‘Fondation px 
Recherche Médicale’ and ‘Ligue Nationale Francais 
Cancer’. 
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Although plant DNA has a high content of 5-methylcytosine 
(5mC') very little is known about the distribution of this 
modification. Many of these methylations are found in the 
dinucleotide sequence C-G (refs 2-5) which is also the major 
modified site in animal cell DNA. It is clear, however, that C-G 
methylation cannot account for all the 5mC in DNA, in which 
this modified base may represent over 30% of the cytosine 
residues (as in certain varieties of plant’). It was this observation 
that prompted the search for other methylated sites in the DNA. 
The results presented here show that methylated cytosine is 
indeed present at a variety of cytosine-containing dinucleotides, 
all of which, however, are part of the basic trinucleotide C-X-G, 
This sequence is probably essential for modification as it pro- 
vides the symmetrical cytosines necessary for ensuring the 
inheritance of methylation at these sites. 

The first step in characterizing plant DNA methylation was to 
determine the dinucleotide distribution of all the 5mC present in 
this organism. This was achieved by a modification of the 
standard nearest neighbour analysis which allows the detection 
of 5mC*. Plant DNA contains 5mC at C-A, C-T and C-C as well 
as C-G sites and the extent of methylation at these sequences is 
summarized in Table 1 (all sequences are in the 5' > 3’ direction). 
In lieu of the nearest neighbour frequencies for this DNA’, the 
methylation observed in Table 1 accounts for the total methyl- 
cytosine of wheat-germ DNA, ~ 23-29% of all cytosines'. 
Similar results were obtained for 2-week seedling wheat DNA 
and for other higher plant varieties, including tobacco. 

Studies on the inheritance of SmC in animal cells stongly 
suggest that the symmetrical presence of 5mC on both strands of 
the DNA is necessary to ensure the inheritance of this 
modification, at least at the sequence C-G. Because none of the 
dinucleotides C-A, C-T or C-C can accommodate this type of 
symmetry, we postulated that methylation at these sites might be 
based on a trinucleotide symmetry at the sequence C-X-G. This 
hypothesis is supported by the nearest-neighbour analyses for 
C-A and C-T (see Table 1), as it predicts that these dinucleotides 


-G 
G-T-C and would therefore be 


methylated to the same extent. To examine this possibility, we 
developed an extension of the nearest-neighbour analysis tech- 
nique which allows the detection of methylation at specific 
cytosine containing trinucleotide sequences. As shown in Table 
1, over 80% of the trinucleotide sequences C-T-G and C-A-G 
were found to be modified, whereas the non-symmetrical 
sequence C-A-T was less than 4% methylated. 

These partial sequence data strongly suggest that most, if not 
all, of the methylated C-A and C-T sequences in plant DNA are 
found adjacent to G in the prototype symmetrical trinucleotide 
C-A-G 
G-T-C 
enzymes which might recognize this site and be sensitive to 
cytosine methylation. Several restriction enzymes have recog- 
nition sequences which contain the sequence C-G but do not 
cleave when this site is methylated, for example, Hpall, Hhal 
and Aval which have been used to analyse the methylation 
pattern of total mammalian DNA as well as specific genes”. As 
expected, both Hpall and Hhal cleave plant DNA very poorly 
{data not shown). Individual restriction enzymes may be useful 
for detecting methylation at other sites. Eco RII, and PstI have 


will be found in the sequence 


. To validate this observation, we searched for restrictton 





recognition sequences containing the trinucleotide sequence 
C-A- ae 

ees but do not cleave when cytosine is methylated’’. As 
shown in Fig. 1, wheat-germ and tobacco DNA are very poorly 
digested by these three enzymes, all of which digest animal DNA 
as expected. To determine the extent of methylation at these and 
other restriction sites, it was necessary to quantitate the degree 
of DNA digestion. To this end, the average molecular size of the 





Table 1 Nearest-neighbour analysis of 5mC in plant DNA 





DNA sequence % Methylation 


C-G 2 
C-A 19 
C-T 19 
C-C 7 
C-A-G > 80 
C-T-G > 80 
C-A-T <4 





DNA from wheat-germ was prepared as follows. Frozen wheat germ 
was ground under liquid nitrogen by mortar and pestle. The powder was 
dissolved in a mixture containing 10 mM Tris-HCl pH 7.9, 0.4 M NaCl, 
5mM EDTA, 0.5% SDS and 100 pg mi! proteinase K (Merck), 
incubated for 1 h at 37 °C, extracted three times with phenol followed by 
three extractions with chloroform/isoamyl alcohol (24:1 v/v) and 
ethanol precipitated. The DNA preparation was treated for 30 min with 
50 ugml-' RNase A and further extracted with phenol and chloro- 
form/isoamyl alcohol. The plant DNA (5 wg) was randomly nicked by 
sonication and nick translated with E. coli polymerase I (Biolabs) in the 
presence of a single [a-**P]-deoxynucleoside triphosphate (200-500 Ci 
mmol”', NEN)°. The [a-**P]-labelled DNA was digested to deoxy- 
nucleoside 3’ monophosphates using micrococcal nuclease and spleen 
phosphodiesterase and applied to thin layer cellulose sheets (Eastman 
Kodak). The nucleotides were separated by two-dimensional chroma- 
tography and analysed by autoradiography as previously described®. 
Following TLC, the cytosine and 5-methylcytosine spots were scraped 
from the plastic sheet and the amount of radioactivity in each was 
determined by liquid scintillation counting. The percentage of cytosine 
methylation for each dinucleotide was then calculated [(C/5mC +C) x 
100]. In each case the nearest-neighbour frequencies of other dinucleo- 
tides appearing on the chromatogram were also measured to ensure that 
these correspond to published data on nearest-neighbour analyses. 
Partial trinucleotide sequencing was performed using the same basic 
technique modified to select specific trinucleotide sequences. DNA was 
nick translated in the presence of a single nucleotide as described above 
using either [a **P]GATP or [a *?P]dTTP, Following a 5-min incubation 
at 15°C, ddATP, ddCTP and ddTTP were added (6 mM each) and the 
reaction was continued for an additional 30 min. After this treatment 
only sequences containing Xp*TpG or Xp*ApG will have a free 3’-OH 
group. The DNA was isolated by phenol extraction, Sephadex column 
chromatography and ethanol precipitation. This DNA was denatured 
and those molecules containing a free 3’-OH end were elongated with 
poly(dA) tails using 18 units terminal transferase (PL Biochemicals). 
The specific molecules which contained the desired labelled tri- 
nucleotide sequence were then isolated by oligo(dT) cellulose chroma- 
tography”. This DNA was then subjected to nearest-neighbour analy- 
sis’. Whereas ~ 20% of the C-A or C-T residues in plant DNA were 
found to be methylated, > 80% of the trinucleotide sequence C-T-G 
and C-A-G were modified. In keeping with this, the DNA which did not 
stick to the oligo(dT) column and therefore did not contain poly(A) tails 
was only 5% methylated. This, of course, would include DNA contain- 
ing all Cp*A and Cp*T residues which are not adjacent to G. For the 
C-A-T triplet, the procedure was modified slightly by using the 
dideoxynucleotides ddATP, ddGTP and ddCTP and the standard 
deoxynucleotide dTTP to select the correct sequence. The results are 
expressed as the percentage of methylation of the cytosine present in 
each sequence and should be considered as reliable estimates of the 
methylation content. The values shown for these triplets were obtained 
from the chromatogram and adjusted to take into account the instances 
where the second nucleotide is repeated. Thus, in addition to C-A-G the 
sequences C-A-A-G and C-A-A-A-G will also be selected by the 
oligo(dT) column and therefore contaminate the desired triplet. As 
indicated in Table 1, the values represent minimal estimates because 
these data have not been corrected for the fact that the dideoxynucleo- 
tide triphosphates are not 100% efficient even at the high concentration 
used in this experiment (unpublished results). 
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Fig. 1 Detection of plant DNA methyl- 
ation by restriction enzyme analysis. DNA 
was prepared as described in Table 1 
legend and digested by various restriction 
enzymes at a ratio of 2 units per pg DNA 
for 2h using the buffers and conditions 
recommended by the suppliers. Restricted 
DNA was separated by electrophoresis on 
1.5% (lanes 1-12) or 1.8% (anes 13-20) 
agarose (Seakem) gels stained with ethi- 
diam bromide and photographed using 
Polaroid positive-negative type 665 film. 
Undigested tobacco DNA (lane 1) and 
undigested wheat-germ DNA (lanes 8 and 
13) are shown for comparison. Tobacco 
DNA was cleaved with Pst] (lane 2), Poul 
(lane 3), Eco RH (lane 6) and Bst NI (lane 
7). Tobacco DNA was also digested with 





14 15 16 17 18 


19:20 





PstI (lane 4) and Pru T (lane 5) in the presence of the marker A phage DNA. Wheat-germ DNA was cleaved with EcoRH (lane 9), Bst NI (lane 10), Msp! (ane 14), 
Haelll (lane 15) and Taq! (lane 16). This DNA was also digested with Eco RM (lane 11) and Bst NI (lane 12) in the presence of the marker herpes simplex virus DNA. 
Lanes 17-20 contain molecular weight markers (250-4,500 bp) obtained by restriction digestion of various plasmid and phage DNAs. 


DNA resulting from each restriction enzyme digestion was 
calculated from optical density scans of the ethidium bromide- 
stained agarose gels. The average experimental length of DNA 
obtained for each restriction enzyme can then be compared with 
the expected size computed on the basis of nearest-neighbour 
frequencies. For the enzymes Hpall and Hhal the experimental 
length is 10 times greater than expected, indicating that this site 
is ~ 90% methylated in wheat-germ DNA. The restriction sites 
for PstI, Poul] and EcoRII were also found to be extensively 
methylated (Table 2). Note that the degree of methylation at 
PstI and Pvull sites represents an underestimate, because the 
average size of the DNA resulting from these digestions is 
probably higher, but not within the range of sensitivity for this 
particular gel. In the case of EcoRII the decreased digestion 
cannot be due to a lack of sites for this enzyme, because Bst NI, 
an isoschizomer of EcoRII that cleaves even if cytosine is 
methylated, cleaves this DNA normally (Fig. 1, Table 2). 

In addition to methylation at C-A, C-T and C-G dinucleo- 
tides, we observed a small amount of methylation:at C-C. It is 
tempting to suggest that these methylations are also localized in 

; ; , C-C-G 
the trinucleotide site G-G-C 
cytosines could be methylated in this sequence, as the internal 
cytosine is part of a C-G dinucleotide. The enzyme MspI (C-C- 
G-G), which is inhibited by methylation at the external 
cytosine'®, may be useful for probing methylation at C-C-G 
.sites. The average expected molecular size of plant DNA after 
digestion with Msp Iis 440 base pairs (bp). As shown in Fig. 1 
and Table 2, the average size of DNA resulting from Msp] 
digestion is over twice that expected, suggesting that the exter- 
nal cytosine of this site is about 50% methylated. 

BstNI may be used to visualize directly the extent of methyl- 


One might expect that both 


; C-A-G o 
ation at G-r-c Sequences. As this enzyme cleaves the 


pentanucleotide sequence ccltec on the 3’ side of the inter- 


nal C, restriction digestion leaves DNA tails consisting of one 
. nucleotide, A or T. These tails may be labelled with [w- 
?PIGATP or [a-“*P]dTTP using the large subunit of Escherichia 
coli DNA polymerase I. When this DNA is subjected to nearest- 
neighbour analysis, the labelled phosphate is transferred to the 
internal C of the EcoRI sequence. If this cytosine is methylated, 
it should be revealed by chromatographic analysis of the 3’- 
monophosphate nucleotides. Autoradiography clearly shows 
that cytosine is the only labelled nucleoside phosphate, and that 
it is extensively methylated (90%) (Fig. 2). This experiment 
provides direct evidence that this particular site is highly 
C-A-G 
methylated and suggests that other G-T-C 
modified. Because the cytosine residues adjacent to both A and 
T are 90% methylated, we also conclude that this site is sym- 
metrically methylated on both DNA strands. 


sites are similarly 


In animal cells 5mC accounts for about 2-7% of the total 
cytosine’, whereas over 25% of the cytosine residues are 
methylated in plant cells’. This difference is due to two major 
factors. Although in both plants and animals the C-G sequences 
are methylated to about 70-80%, the C-G dinucleotide is much 
more frequent in Plant DNA (3-4%) than animal DNA (0.5- 

1%)’. The second element which contributes to the high 5mC 
content of plants is methylation at other sites. Partial sequence 
analysis and restriction enzyme studies clearly show that almost: 
all methylated C-A, C-C and C-T residues are found in the 
symmetrical trinucleotide sequence C-X-G. 

It has previously been noted that C-G is a dinucleotide which 
contains symmetrical cytosine residues in both strands of the 
DNA and other evidence suggests that when this dinucleotide is 
modified both cytosines are indeed methylated”*. This sym- 
metry is probably what enables the cell to transmit its methyl 








Table 2 DNA methylation at specific restriction enzyme sites 





Source of Restriction Expected Experimental % Methyl- 
DNA enzyme size size stion 
(bp) (op) 
Wheat germ Hpall (CCGG) 440 5,100 ay 
EcoRI (CcÎGG) 530 6,000 ie) 
BstNI (CChGG) 530 S50 m 
PstI (CTGCAG) 3,870 15,006 70 
Peall (CAGCTO) 3,870 14,000 70 
Mspi (CCGG) 440 920 $0 
Tagi (PCGA) 380 330 e 
Hae NI (GOCC) 330 390 - 
Mouse liver Pst (CTGCAG) 3,250 3,900 
Pouli (CAGCTG) 3.250 3.900 ~ 





Wheat-germ or mouse liver DNA was digested with various restric 
tion enzymes at a ratio of 2 enzyme units per pg DNA for 2h bribe 
specific buffers recommended by the enzyme manufacturers (New 
England Biolabs, Bethesda Research Laboratories and Boehringer 
Mannheim). The restricted DNA (5-10 pg) was subjected to gel elec 
trophoresis on 0.6% agarose (Hpall, Beo RII, BstN I, Porh Poil; 1.5% 
agarose (MspI, BstNI) or 1.8% agarose (Mspl. Tagi, Be NI, Haelll), 
Each gel was run together with at least 20 molecular lenpth marker 
bands obtained by restriction enzyme digestion of various plasmid and 
phage molecules. Following electrophoresis, the ethidium bromide- 
stained gels were photographed using positive-negative Polaroid ‘film 
and the film negative assayed using a scanning spectrophotometer. The 
resulting graphs were computer digitalized and the average molecular 
size calculated by reference to the molecular weight markers "o These 
results were then corrected to take into consideration the: size of the 
undigested DNA which was of the order of 30 kilobases. These results 
are accurate to about + 10%. Expected average molecular size o cach 
restriction enzyme was calculated from nearest-neighbour, 
per cent methylation at each of these sites was determined by comparing 
the experimental and the expected size. 
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Solvent: F 


Solvent 2 


Fig. 2 The extent of methylation of the sequence ccheG in wheat-germ 


DNA. DNA (5 pg), prepared as described in Table 1 legend, was cleaved 

with 10 units of BstNI for 60-min at 60°C. The DNA fragments were 

labelled at their 3’ end by filling the sticky ends using E. coli DNA 

polymerase I (large fragment) with either [a °P]dATP(a) or [a >*PJGTTP (b) 

for 10 min at 37°C (ref. 21). The labelled fragments were digested to 

deoxynucleoside 3’ monophosphates, chromatographed by two-dimensional 
TLC and autoradiographed®. 


ation pattern to succeeding generations. In general, replicating 
DNA is in a state of hemimethylation since the parental strand is 
methylated at specific sites, which the newly replicated strand is 
as yet unmodified. The cellular ‘maintenance methylase’ would 
then act on the new strand using the parental strand methylation 
pattern as template'’'*°. This model has received recent 
support from experiments in which unmethylated and in vitro 
methylated DNA were introduced into mouse L-cells by DNA- 
mediated gene transfer. Whereas unmethylated DNA remains 
unmodified, methylated foreign DNA faithfully inherits its in 
vitro acquired methylated pattern’®'’. We propose that the 
same symmetry that characterizes the dinucleotide C-G must be 
an integral part of any inheritable methylated residue. All the 
methylated sequences in plants seem to fit this criterion, as all 
methylations are either at the dinucleotide sequence C-G or the 
symmetrical trinucleotide sequence C-X-G. 


The site ee may be methylated at either of two different 


cytosines or at both. In either event, the single cytosine on the 
complementary strand would have to serve as a template for 
both cytosine methylations. The fact that this single methylated 
cytosine is part of a C-G residue suggests that in such cases the 
internal cytosine on the C-C-G strand will always be methyl- 
ated, but the external cytosine may or may not be modified. This 
was indeed found to be the case for Scilla satellite DNAs 
analysed for methylation by DNA sequencing“. Methylation at 
the external cytosine of the trinucleotide C-C-G raises problems 
with regard to the inheritance of this methylation. As the 
complementary strand used as a template during replication 
contains only one methylated cytosine in the sequence C-C-G, it 
is difficult to understand how the methylase decides whether or 
not to methylate the external cytosine in addition to the internal 
cytosine. This decision may be random or determined by 
adjacent DNA sequences. Note that two specific C-C-G-G sites 
in the human globin gene battery were found to be resistant to 
MspI and therefore methylated at the external cytosine in a 
tissue-specific manner’*'*, Because, in general, vertebrate 
DNA does not contain a detectable amount of C-C methyl- 
ations, this type of animal DNA methylation is probably very 
rare. 

Asin vertebrate cells, the methylatable sites of plant DNA are 
C-A-G 
G-T-C 
sites are methylated and only 50% of the C-C-G sites are 
modified at the external cytosine. It is this incomplete methyl- 
ation which makes these sites potential factors in cellular 
regulation. A large body of evidence supports the view that 
DNA methylation may indeed play a part in the control of 
vertebrate gene expression. It is tempting to speculate that both 
the methylated C-G and C-X-G sites may also be involved in the 
regulation of gene expression in higher plants, but there is no 
evidence to support this. The enzymes Pst], Puull and EcoRI 


not fully methylated. Approximately 80% of all C-G or 
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should prove useful for studying the relationship between gene 
expression. and methylation in plant cells. 
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The acetylcholine receptor (AChR) mediates synaptic trans- 
mission on binding to the acetylcholine neurotransmitter. To 
gain further information on the composition and biosynthesis of 
this receptor (for review of properties see refs 1-3), we have 
extracted AChR mRNA and translated it in a cell-free system. 
and also in Xenopus oocytes. The latter have been shown to be 
not only highly efficient translation systems for microinjected, 
heterologous mRNAs but they can also faithfully execute post- 
translational processes such as glycosylation, sequestration, pre- 
peptide cleavage and secretion of appropriate products*”’. As 
native AChR is found glycosylated and sequestered in the 
plasma membrane, this system is of potential interest in studying 
its biosynthesis. We report here that Xenopus oocytes efficiently 
assemble intact, multi-subunit AChR molecules which show 
properties characteristic of the native AChR, including the 
binding of a-bungarotoxin (@-BTX). 

Initially, cell-free translation” products of mRNA extracted - 
from the electric organ of the ray, Torpedo marmorata, were 
immunoprecipitated with rabbit antiserum raised against the 
native AChR. AChR-specific polypeptides with apparent 
molecular weights (MWs) of 40,000 (40 K), 51 K and 59 K were 
clearly identified; two smaller and less abundant species were 
also found (Fig. 1). These sizes differ from those of the subunits 
thought to comprise native AChR'®; unlike the latter, the 
cell-free translation products were unable to bind a-BTX, which 
agrees with previous work’. Thus, the cell-free system seems to 
be incapable of faithfully synthesizing intact receptor molecules. 

Experiments in which Torpedo mRNA was injected into 
Xenopus oocytes gave better results. Figure 2 shows that 
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a-BTX binding activity could be detected in the translation 
products of the oocytes, the actual level of activity increasing 
with the amount of heterologous mRNA injected. To charac- 
terize the a-BTX binding component, **S-methionine-labelled 
translation products were purified by affinity chromatography 
on a-BTX-Sepharose (for details see Fig. 3 legend), and 
analysed by SDS-polyacrylamide gel electrophoresis’® (Fig. 3b, 
lane 1). As a control for nonspecific binding to the Sepharose, an 
aliquot of the extract was preincubated with a large excess of 
a-BTX before chromatography and electrophoresis (Fig. 3b, 


1 2 3 4 5 6 7 


40 K— 





Fig. 1 Electrophoretic analysis of AChR polypeptides synthesized in a 
cell-free system. Poly(A) mRNA (25 pg mi~') extracted from the electric 
organ of Torpedo marmorata*® was translated in a nuctlease-treated rabbit 
reticulocyte lysate* in the presence of **$-methionine (~1 mCi mi‘). The 
translation products were immunoprecipitated using formalin-fixed 
Staphylococcus aureus cells (SAC). The SAC antibody-antigen complexes 
were dissolved in SDS sample buffer’? and SAC removed by centrifugation 
at 10,000g for 1 min. The supernatants were electrophoresed through a 
10% (w/v) SDS-polyacrylamide gel!” before fluorography’’. Lane 1, AChR 
purified from T. marmorata electric organ by affinity chromatography then 
radioactively-labelled with succinimidy! [2,3-*H]propionate''. This 
radiolabelling process gives the appearance of doublets after gel elec- 
trophoresis, which are absent in non-radioactive purified preparations of the 
native AChR (see Fig. 3a). Lane 2, immunoprecipitate obtained with 
antibody raised against native Torpedo AChR. Lane 3, immunoprecipitate 
obtained with antibody raised against native Torpedo AChR but in the 
presence of a large excess of native Torpedo AChR; control for lane 2. Lane 
4, immunoprecipitate obtained with normal rabbit serum, lane 5, immuno- 
precipitate produced with antibody against a-BTX (control for lane 6). Lane 
6, immunoprecipitate obtained by pre-incubating with a-BTX, before addi- 
tion of antibody raised against a-BTX. Lane 7, ‘*I-labelled standard 
proteins—-bovine serum albumin (68 K}, catalase (58 K), ovalbumin (43 K) 
and lactate dehydrogenase (35K). Titres of antibody raised against 
native Torpedo ACHR and a-BTX were ~2«10°°M and ~4x 107° M, 
respectively. 








lane 2). Lanes 1 and 2 of Fig. 3b show four toxin-specific 
polypeptides of MWs 40 K, 49 K, 58K and 66 K; these sizes 
are very similar to those of the native Torpedo AChR poly- 
peptides that had been purified by a-toxin-gel affinity chroma- 
tography and then radioactively labelled’’ by “H-propionylation 
(Fig. 3b, lane 3). The native subunit sizes (Fig. 3a) were esti- 
mated to be 40 K, 49 K, 57 K and 65 K, as generally found for 
the a, B, y and 6 subunits™???, respectively, which comprise the 
Torpedo receptor molecule. A similar electrophoresis pattern 
was also obtained when oocyte translation products were 
purified by binding to a-BTX, followed by immunoprecipitation 
with a-BTX antibody and protein A”. 

The size of the AChR molecule synthesized in oocytes was 
analysed by centrifugation through sucrose density gradients. 
As Fig. 4 shows, the AChR purified from the Torpedo electric 
organ exists in two molecular forms having sedimentation 
coefficients of 9S and 13S (monomer and dimer), an observation 
generally made’? for Torpedo AChR preparations, the 98 form 
being predominant in reducing conditions. The monomeric 9S 
form has been shown??? to contain five subunits (œs 8, Y, 8), 
corresponding to a MW of ~250,000. It was therefore interes- 
ting that on a parallel sucrose density gradient (Fig. 4), the 
translation products from the microinjected oocytes produced a 
peak of toxin-binding activity at the same position (9$) as the 
native monomer. This result clearly indicates the ability of the 
oocyte to assemble the newly synthesized subunits into intact 
receptor molecules. After sedimentation of **S-methionine- 
labelled translation products and immunoprecipitation of these 
gradient fractions with the antiserum raised against native 
AChR, SDS-gel electrophoresis showed that the receptor- 
specific peptides were present only in the 9S peak (data not 
shown). Assuming that this antibody can recognize newly 
synthesized, unassembled AChR polypeptides, which is the 


125].¢-BTX bound per oocyte (c.p.m. x 107?) 
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Fig.2 a-BTX binding activity in Xenopus oocytes after microinjection with 
Torpedo mRNA. Duplicate batches of 15 oocytes were microinjected” with 
various amounts of poly(A) mRNA that had béen extracted’* from the 
electric organ of T. marmorata and cultured at 21°C in 150 yl modified 
Barths’ medium’ for 48 h. The oocytes were then homogenized in 200 pl of 
50 mM phosphate buffer, pH 7.2/1% Triton X-100/1 mM EDTA/1 mM 
EGTA/0.1mM_ phenylmethylsulphony! fluoride (PMSF). The ia- 
BTX™ binding activity (@) in the resulting supernatants was measured” 
after centrifugation at 10,000g for 30 min. Æ; Control in'which a large excess 
of unlabelled a-BTX was added just before the assay. I, As for experimen: 
tal sample except that before the assay; the extract was incubated with Con 
A-Sepharose”, 
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likely interpretation of the data from the cell-free system (see. 
Fig. 1 and ref. 9), it seems that the assembly process in oocytesis.. 


efficient. 

As in the case of the native Torpedo receptor'*"“, the AChR 
synthesized in microinjected oocytes is also glycosylated, as it 
binds completely to.concanavalin A(ConA)—Sepharose (Fig. 2). 
The y-subunit synthesized in oocytes may be slightly larger than 
that in the purified native AChR, thus it is possible that gly- 
cosylation and/or other processing events in the oocyte are not 


a bi 2 3 4 





Fig. 3 Electrophoretic analysis of the AChR synthesized in oocytes as 
purified by affinity chromatography on a-BTX-Sepharose. a, A stained gel 
containing nonradioactive AChR purified from T. marmorata ''. (Note that 
this gel is shorter than that in b.) b, Batches of 40 oocytes were microinjected 
with Torpedo poly(A) mRNA (20 ng per oocyte) and cultured in 300 pl 
Barths’ medium containing 0.3 mCi *°S-methionine at 21 °C for 48 h. They 
were then homogenized in 500 pl of 50 mM phosphate buffer, pH 7.2/1% 
Triton X-100/1mM EDTA/I mM EGTA/S5 pg ml”? soybean trypsin 
inhibitor/1 mM _ benzamidine/100 pg ml“! bacitracin/0.1 mM PMSF, and 
centrifuged at 10,000g for 30 min. The supernatant was shaken with 0.1 mi 
a-BTX-Sepharose, which was then washed''. All purifications were done as 
rapidly as possible in the cold and in the presence of protease inhibitors to 
_ limit proteolysis". Lane 1, AChR was eluted from the «-BTX-Sepharose 
using 50 ul of 2% SDS in sample buffer'’, and 25 ul electrophoresed. 
Lane 2, a control preparation containing the same **S-labelled translation 
products, preincubated with a large excess of a-BTX before application to 
a-BTX-Sepharose. kane 3, *H-propionylated native Torpedo AChR (see 
Fig. 1). Lane 4, '**I-labelled standard proteins (see Fig. 1). A 10% (w/v) 
SDS-polyacrylamide gel" was used; b was subjected to fluorography '” anda 
to silver staining”'. 


o—-e cpm. x 10-* 
c.p.m. x 1074 





Fraction no. 


Fig. 4 Analysis of the molecular form of the AChR newly synthesized in 
oocytes. 40-50 oocytes were microinjected with 20 ng of mRNA per oocyte 
and cultured for 48 h. The oocytes were then extracted in 200 jl buffer as 
described in Fig. 2 legend, Samples of oocyte extracts or of AChR purified 
from T. marmorata were loaded on to 5~20% (w/w) sucrose gradients 
containing 50 mM phosphate buffer, pH 7.2/100 mM NaCl/0.2% Triton 
X-100/1 mM EDTA/0.02% NaN, and centrifuged in a Beckman SW60 Ti 
rotor at 59,000 r.p.m. for 6 h (ref. 11). Fractions (0.13 ml) were collected by 
upward displacement and analysed for a-BTX binding activity using I-a- 
BTX as described in Fig. 2 legend. @, Purified AChR from Torpedo; A, 
extract from uninjected oocytes; ©, extract from oocytes injected with 
Torpedo mRNA, 


completely faithful for this product. However, when detergent 
(Triton X-100) was omitted from the homogenization medium 
(Fig. 2), over 90% of the a-BTX binding activity remained in the 
membrane fraction. The receptor molecule is transported in vivo 
to the plasma membrane by a mechanism which shares many 
common features with the process of protein secretion'*. As it is 
known that the oocyte can selectively secrete a wide variety of 
homologous and heterologous proteins“’, it seems likely from 
the above result that the oocyte also faithfully sequesters the 
newly synthesized AChR into a membrane structure. 

Thus the heterologous mRNA determines the production of 
multi-subunit receptors which seem to be efficiently synthesized, 
glycosylated, assembled and sequestered by the oocyte with a 
high degree of fidelity. Although they are active in that they can 
bind a-BTX, it remains to be determined whether the receptors 
synthesized in oocytes are functional molecules in terms of being _ 
able to form an acetylcholine-mediated ion channel in a 
membrane. Clearly, this system should be used to elucidate the 
mechanisms by which the receptor molecule is assembled and 
inserted into the membrane. 

We thank Dr M. Dowdall for supplying fresh Torpedo and Dr 
A. J. Hale for research facilities. 
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The arrival of Equus 


EVEN though papers which attempt to 
draw together a lot of diverse evidence are 
most important for the scientific com- 
munity the authors of such papers should 
not neglect to acknowledge the basic 
analytical work on which they base their 
discussion. I feel that J. Brunet and I 
deserve to be quoted in discussion of the 
arrival of Equus in the Old World at least 
for Roccaneyra’, probably the earliest 
European site to have yielded Equus, and 


probably the only one where Equus and ° 


Hipparion coexist. So far as I know, it was 
not V. J. Maglio’ but D. A. Hooijer* and 
myself’ who, independently, stated that 
the first occurrence of Equus in the Omo 
beds was in member G of the Shungura 
Formation. Since 1973, we have often 
repeated that the arrival of Equus | in 
Africa was about two million years ago“ 

Lindsay et al.'s’ bibliography is quite 
instructive. Most of the papers cited on the 
first occurrence of Equus in Europe and 
Africa are themselves reviews, rather than 
original papers describing new material or 
stating new facts. People like J. Brunet, 
who has worked for years with equids, or 
D. A. Hooijer and myself, who have pub- 
lished about 30 papers dealing with 
equids, are ignored, although we were 
responsible for the basic descriptions and 
determinations. 

I am sure that any specialist whose 
colourless original work has been neglec- 
ted, involuntarily or not, in more appeal- 
ing papers will understand why I decided, 
even so late, to write about such a trifle. 


VERA EISENMANN 
Institut de Paléontologie 
_ (LA 12 du CNRS), 
8 rue de Buffon, 75005 Paris, France 
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LINDSAY ET AL. REPLY—We regret 
that the important palaeontological 
contributions of Dr Eisenmann and others 
were slighted in our references. This was 
unintentional, but resulted from a bias 
towards selection of references with a 
chronological rather than a palaeonto- 
logical message. 


Certainly, the paper by Eisenmann and 
Brunet’ on the co-occurrence of Equus 
and Hipparion at Roccaneyra is an 
important palaeontological contribution 
for recognition of the appearance of 
Equus in Europe. Our study was initiated 
with the expectation that the record of 
Equus at Montopoli would be demon- 
strably earlier than that at Roccaneyra, 
and we were more impressed with the 
proximity of their age assignment than 
with the palaeontological identity of the 
equids at Roccaneyra and Montopoli. 

We cited Maglio” as an early review of 
East African biochronology in which 
faunal levels were characterized, includ- 
ing the Mesochoerus limnetus zone, with 
the appearance of Equus. Correlation of 
this faunal sequence had been questioned 
because of similar faunas with conflicting 
radiometric limits in the Shungura and 
Koobi Fora Formations—that conflict was 
resolved after further work on the 
radiometric dating, as discussed by 
Drake’. Our emphasis was on resolution 
of the conflict, and we concluded that the 
appearance of Equus in deposits of the 
Omo Basin, east of Lake Turkana, was 
contemporaneous with that at Olduvai 
Gorge. Unfortunately, we did not 
acknowledge the palaeontological 
contributions of Hooijer*, Eisenmann’, 
Churcher‘, and others. 

We think there might be a strong 
tendency for reviewers to cite other 
reviews, and similarly for analytical 
contributions to cite other analytical 
contributions. In spite of this, we recog- 
nize and appreciate the numerous 
palaeontological, radiometric, and strati- 
graphic studies of many researchers whose 
work we drew on for our review. 


EVERETT H. LINDSAY 
Department of Geosciences, 
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NEIL D. OPDYKE 
Lamont-Doherty Geological Observatory, 
Columbia University, Palisades, 

New York 10964, USA 


NOYE M. JOHNSON 
Department of Earth Sciences, 
Dartmouth College, Hanover, 
New Hampshire 03755, USA 
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Pulsar birthrates 


NARAYAN AND VIVEKANAND have 
obtained a minimum estimate for the birth 
rate of pulsars in the Galaxy of 1 pulsar 
per (100733°)/ yr, where f(=K™')s1 is 
the beaming factor. They have obtained 
this estimate from the flow rate in period 
space, without recourse to the spin-down 
age r:= P/2P. At the same time, their 
estimated number of pulsars in the Galaxy 
is N = 1.4 « 10°"°°/f and they find that r 
is a good measure of age for Ts 
0.5 x 10° yr. Their method is elegant, but I 
find it hard to trust their result quan- 
titatively, for the following reason. 

Their birth rate N implies a mean pulsar 
age N/N =4x10 yr which is some 10 
times larger than the average age deter- 
mined? both from the fraction of young 
pulsars (r < 10° yr, for which 7 is held to 
be a good measure of age) and from the 
kinematic ages z/z, and also? from the 
histogram of spin-down ages. It would 
imply that 7 underestimated the true age. 
However, according to our understanding 
of pulsars, + measures their age for a 
dipole-coupling to their surroundings, and 
can only lose its property of an age indica- 
tor in the presence of some overtaking 
ageing mechanism (such as spin align- 
ment’), in which case it would overes- 
timate the true age. 

If the birth rate derived by Narayan and 
Vivekanand can be trusted vaguely, it 
means that 7 is not always as large an 
overestimate of age as suggested by 
kinematic ages. Such a trend does not 
surprise me in view of the two populations 
of pulsars which are expected if pulsars are 
born in binary systems’. A large fraction 
of all 7 -old pulsars may be ‘elder twins’ 
born with a large r (> 10°yr, instead of 
10° yr), and for which y is not a 
significant overestimate of age. At the 
same time, if pulsars are in general the 
younger twins, the birth rate of neutron 
stars should be approximately twice that 
of pulsars. 

Another word of caution concerns the 
beaming factor whose value is often 
assumed to be 0.2. This estimate follows 
from the assumption of an almost circular 
beam cross-section, and independently 
from the fact that most supernova 
remnants lack a central pulsar. However, 
supernova remnants housing a pulsar 
would almost certainly have a filled-centre 
appearance, that is, be plerions, whereas 
shell-type remnants are expected’ to 
contain binary system neutron stars (like 
W50 around $5433). Moreover, pulsar 
beams may well have banana-shaped 
cross-sections, with f=1. A beaming 
factor f near unity is likewise indicated by 
the high occurrence rate of interpulses o= 
(5%) if the latter come from. the a 
opposite magnetic pole. z 

With these modifications and ref: 2i in 
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mind. | arrive at a galactic newtron star 
birth rate of 1 ip 20+ 10 yr. 


W, KUNDT 
Institut fur Astrophysik, 
Universitat Bonn,S300 Bonn, FRG 
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NARAYAN AND VIVEKANAND 
REPLY—It is known’ that the radio 
luminosities of pulsars decrease with age. 
Therefore, the observed sample of pulsars 
is biased towards the more luminous 
younger pulsars. Consequently, the 
average age of pulsars determined? from 
the observed fraction of young pulsars 
{r < 10° yr) underestimates the true mean 
pulsar age. The bias is probably even more 
stronger in the kinematic ages determined 
from z/z because proper motions have 
been reliably obtained only for relatively 
luninous pulsars. On the other hand, in 
our analysis, we have accounted for radio 
luminosity selection effects and thereby 
obtained an approximation to the 


complete galactic population, of pulsars. 
Consequently, our result N/N = 11x 10° 
yr is unbiased and a more reliable estimate 
of the mean pulsar age than the earlier 
approaches which typically gave 4x 10° 
yr. Note, however, that age is not a very 
relevant parameter in our analysis, which 
is based entirely on pulsar flow in the P-P 
diagram (pulsar period to its time deriva- 
tive). Moreover, the concept of mean 
pulsar age itself may not be very 
meaningful or useful if pulsars belong to 
more than one class with widely different 
active lifetimes. 

Regarding the beaming factor K, we 
consider that the 5% occurrence of inter- 
pulses is consistent with a circular beam 
cross section and a value of K =5 rather 
than with banana-shaped cross sections 
and K = 1.0 


RAMESH NARAYAN 
M, VIVEKANAND 
Raman Research Institute, 
Bangalore 560 080 India 
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Solar-flare produced °He 
in lunar samples 


RAO AND VENKATESAN’ have reported 
a method for deducing the absolute solar 
casmic ray (SCR) proton fluxes in the past 
few million years using SCR proton- 
induced *He in the top surface layers of 
Moon rocks. To quote the authors: “even 
if there are minor diffusion losses, this 
method holds good as long as the losses 
are not depth dependent”. I would like to 
point out that Moon rocks studied in this 
laboratory which are similar to those used 
by Rao and Venkatesan show severe *He 
diffusion losses, up to 99% (refs 2-6), and 
the losses show strong depth depen- 
dence**, Another problem arises from 
the directly implanted solar flare *He 
found in the top few millimetres of these 
Moon rocks**. This *He component 
shows depth dependence and is about one 
order of magnitude higher in concen- 
tration than the SCR proton-induced *He, 
therefore masking it in the top few milli- 
metres of rock’. The rocks which we have 
studied, 68815 and 65315, were 
excavated from south ray crater, have 
GCR and SCR exposure ages of 2 Myr, 
contain plagioclase as the major mineral 
and therefore are similar in many charac- 
teristics to the rocks studied by Rao and 
Yenkatesan, 61016 and 64435. The near 
constancy of *He/?'Ne ratios which they 
suggest as an indication that depth 
dependence diffusion effects are not 
significant can also be misleading as the 
?'Ne diffusion pattern shows in our rocks a 
similar depth dependence to the “He and 


therefore the *He/?'Ne ratio might stay 
quite constant. We believe that Rao and 
Venkatesan were unable to observe the 
two effects, depth dependence diffusion 
and the directly solar flare-implanted “He 
because first, only three layers of different 
depths were taken from each rock, and 
second, the layers were too thick 
(21.5 mm). We can judge from our fine 
sampling, nine for each rock in the range 
0-15 mm and ~0.2 mm thick layers in the 
first 0-1 mm of range, that neither the 
diffusion pattern nor the SCR-implanted 
*He would have been observed using the 
sampling technique of Rao and Venka- 
tesan. I therefore consider *He to be 
the wrong isotope for the use proposed 
unless the effects mentioned are taken 
into account. 


AKIVA YANIV 
Department of Physics 
and Astronomy 
Tel Aviv University, 
Ramat Aviv, Israel 
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RAO AND VENKATESAN REPLY—We 
point out that we discussed these issues in 
detail elsewhere’. Relevant points are 
briefly outlined below. 

Our inferences regarding "He losses are 
based on experimental results in rocks 
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61016 and 64435, The general agreement 
{within a factor of two) of exposure ages 
based on SCR-produced *'Ne and **Ar 
and *He, with the surface exposure ages 
based on particle tracks, could not have 
been observed if almost total loss of 7He 
had taken place by diffusion in these 
samples. Further, the diffusion effects of 
*He and ?'Ne are mass-dependent. Yaniv 
may not be observing such mass-depen- 
dent effects because 99% of the gas has 
been lost from his samples. The depth- 
dependent diffusion will lead to variations 
in the “He/*'Ne and *He/**Ar ratios with 
depth, which is not borne out by the near- 
uniformity of these observed ratios in our 
samples. (Details are discussed in refs 1, 
2.) 

The peak temperatures to which some 
of these rocks were exposed on the lunar 
surface is ~370K and the average 
temperature is 210K; He loss can be 
partial but not almost total, at such 
temperatures, in these samples. 

In some lunar plagioclases, *He was lost 
and in some it was well retained. In a 
sensitive Gas ion-probe analysis of “He in 
plagioclases, Müller et al. observed large 
amounts of “He in two plagioclases (P4 
and P2), with a capability of retention 
similar to that of ilmenite, whereas in 
some other plagioclases from soil 76501, 
no “He was found. Shock effects also seem 
to be involved. 

The occurrence and composition of 
directly implanted solar flare He and Ne in 
lunar samples is important. We are 
investigating the composition of solar flare 
Ne in these samples by selective chemical 
etching and subsequent stepwise thermal 
release methods. The long-term solar flare 
Ne composition seems to be similar to 
fractionated solar wind’, The long-term 
solar flare He composition is not well 
known, but the contemporary solar flare 
*He/*He ratios (measured from, space- | 
craft) vary from 1 to 0.01 and differs 
between flares’. Most of the *He-rich 
flares are very weak and their contribution 
to the total He seems to be limited. It is not 
clear whether the long-term solar flare He 
composition is similar to the fractionated 
solar wind as in the case of Ne or varies 
drastically as observed in contemporary 
flare studies. Further controlled experi- 
ments are under way to understand these 
complexities. 


M. N. Rao 

T. R. VENKATESAN 
Physical Research Laboratory, 
Navrangpura, 
Ahmedabad 380 009, 
India 
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Volume Holography and Volume Gratings 
L. Solymar and D.J. Cooke 
September/ October 1981, x + 468pp., £39.60 (UK only)/$95.50, 0.12.654580.4 


The book is devoted mainly to the study of the properties of volume holograms, such as efficiency, fidelity of reproduction and the generation of 
higher order modes, including also a chapter on the materials used for recording. The treatment is extended to volume gratings in general, in 
which diffraction effects at or near the Bragg angle are significant. Applications in the form of displays, optical elements and couplers, acousto- 
optic and electro-optic devices, computer memories and integrated optics are discussed. 


Goat Production 
edited by C. Gall 
September/ October 1981, xx + 620pp., £41.40 (UK only)}/$99.50, 0.12.273980.9 


The renewed interest in goats for both intensive production in temperate and extensive production in tropical countries has inspired this book. 
The 19 chapters are written by 18 leading authorities. On the basis of the widely scattered literature they discuss what is known in their fields 
drawing heavily on own research results, some of which are published here for the first time. 


Stress and Fish 


edited by A.D. Pickering 
September/October 1981, xiv + 368pp., £24.60 (UK only)/$59.50, 0.12.554550.9 


This book extends knowledge by presenting original research in the context of a detailed review of the existing information. The 
endocrinological/ physiological responses of fish to stress, fundamental to our understanding of the subsequent performance of fish, are given 
particular attention as are the problems of stress associated with intensive fish cultivation and the harmgul influences of man’s activities on the 
aquatic environment. 
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edited by A.D. Hawkins 
September/ October 1981, x + 462pp., £27.80 (UK only)/$67.00, 0.12.333380.6 
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first-hand experience in the subjects they have presented. It considers the basic aspects of aquarium design and construction, the supply of 
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and contamination of the water, and other practical aspects of fish husbandry. 
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BOOK REVIEWS. 
Chinese puzzles 





THE time has gone when people could bring 
conversation in the West to a halt by saying 
that they were just back from China. 
Indeed, the conversational gambit is 
dangerous, for there is as likely as not to be 
somebody in the gathering who can boast 
of having found a better hotel, or of having 
been allowed to visit. Chinese Mongolia or 
Tibet, Yet China remains. puzzle, not only 
because mutual travelling is still only a 
trickle but because of language and the 
sheer strangeness of China as seen from the 
West and, no doubt, vice versa. 

Science in Contemporary China is, in 
the circumstances, a welcome book even 
though its defects, sometimes serious and 
often irritating, also command attention. 
The book is.a compilation of travellers’ 
tales from the late 1970s brought back from 
China by 26 scholars of various disciplines, 
many of whom seem to have made two or 
three journeys under the auspices of the 
Committee on Scholarly Communication 
with the People’s Republic of China, itself 
an offshoot of the National Academy of 
Sciences in Washington but funded, for 
this purpose, by the National Science 
Foundation. But since most. of the 
contributions are well laced with handlists 
of laboratories, and the names of their 
directors, the book is likely to be most used 
asa kind of Baedeker — a guide by which 
intending travellers from the West can plan 

their journeys. That is not something to be 
scorned, © 

The most glaring flaw is that the book, 
according to its editors and Professor 
‘Walter Rosenblith, the chairman of the 
supervisory committee, is uneven. In many 
ways, that is an understatement. Some 
contributions are merely handlists. Others 
sensitively relate the condition of some 
discipline now (or in 1978 or 1979) with the 
great events of the Cultural Revolution — 
which then seems more than ever a 
calculated madness. A more forgivable 
defect of the book is that most of the 
journeys on which it is based were made in 
that dreadful period when the Cultural 
Revolution had come to an end but when 
Mao. Zedong (according to the pin-yin 
transliteration) was still nominally in the 
saddle. Some travellers were plainly 
mystified by what was happening around 
them, at least until the changing scene was 
crystallized and made familiar by the great 
National Science Conference in Peking 
(sorry, Beijing) in March 1968. 

Travellers to foreign lands must be wary 
of the three most obvious traps — those of 
generalizing from impressions, of writing 
patronizingly and of writing with stars in 
their eyes. This bunch of travellers has been 


John Maddox 





Science in Contemporary China. Edited by 
Leo ‘A; Orleans with the assistance of 
Caroline Davidson. Pp.599. ISBN 
0-8047-1078-3. (Stanford University Press: 
1981.) $35. 


reasonably circumspect. Now and again, 
first impressions enliven the separate 
catalogues of information — Leo 
Goldberg was obviously shocked to learn 
of the ups and downs of the Purple 
Mountain Observatory (Nanjing) from 
which the astronomers were driven after 
the Japanese occupation in 1937. The 
general first impression that Chinese 
researchers use less sophisticated 
equipment than their colleagues in the 
West has, however, been carefully 
confirmed; and there is a thorough account 
of what is being done by the Chinese 
Academy of Science to put things right. 

For the most part, devotional prose has 
also been avoided. Fang Yi, the vice- 
premier with responsibility for science and 
technology in 1968, made a great 
impression on several of the travellers as 
did Deng Xiaoping (deputy premier at the 
same time) on the smaller number who had 
the luck to meet him. Some seem to have 
regarded the national plan announced in 
March 1978 as having the force of Mosaic 
tablets, but collectively the travellers have 
given a good account of how the plan is 
having to be matched against economic 
and social reality. 

Now and again, the travellers have fallen 
into the trap of patronizing those whom 
they observed. The impression is 
heightened by the way in which China is so 
often called the PRC. One writer asks how 
it can be that the Chinese choose to lavish 
surgical skill on intricate operations when 
they have so few Western-style doctors per 
10,000 population. Even, in an extended 
footnote, Joseph Needham (the author of 
the monumental Science and Civilization 
in China) is patronized because his book is 
not ‘‘philologically sound’’. But these are 
minor points. 

For the rest, this Baedeker, based though 
it is on 26 snapshots of China, is full of 
absorbing information. Not merely can 
one learn that C.N. Yang (the field 
theoretician) is the son of K.C. Yang, who 
took a PhD in mathematics in Chicago in 
the 1920s, but that Chen Jingrun was the 
first to prove (in 1966) that, above a certain 
size, every even number can be written as 
the sum of a prime number and another 
which is either itself prime or the product of 
two prime numbers; that China is heavily 
committed to superconducting technology 
for reasons not readily understood; that 











the commitment to high-energy physics 
derives from Mao’s interest in the 
philosophical implications (but that the 50 
GeV accelerator will not now be finished 
until 1985); that there is a project to 
synthesize a transfer-RNA molecule and it 
appears to be customary, when an active 
compound has been isolated from some 
traditional medicinal herb, to synthesize 
the pure chemical so as to avoid the associ- 
ated side-effects, China’s need of military 
electronic equipment is urgent. Computers 
still languish. 

Collectively, the snapshot is clear. But 
what is happening to the people? The 
Cultural Revolution lasted for 15. years, 
almost a generation, and university posts 
were either not filled or filled with the 
wrong people. Science in Contemporary 
China records in several places. that™ 
Chinese hosts were aware of the problems 
foolishly created, and that they were doing 
their best to put things right. How quickly, 
one must wonder, will they succeed? 

Anecdotally, this book provides some 
evidence of change in the right direction. I 
was pleased to find in it the name (almost 
unrecognizable behind the pin-yin) of a 
graduate student at Manchester man 
years ago. He was so homesick that 
travelled every other week to Liverpool for 
a decent meal in St George’s Square. In 
1953, he caught Mao’s student boat back to 
China. We were surprised to learn that as 
an F-centre expert he planned to help with 
the “building of adam’’; only afterwards 
did we understand that it was a project to 
do with weapons. But when seen at the 
height of the Cultural Revolution, he was 
working as a kind of filing clerk at the 
Academy. Now, it seems, he has been 
rehabilitated, the head of a division of an 
institute in Beijing. 

Only occasionally do the contributors 
have the time to reflect on what they 
describe, but Saunders Mac Lane (who 
writes about mathematics} does best. He 
gives an account of how his delegation 
chose to argue with their Chinese hosts 
about the virtues of mathematics — is if 
elegance (‘‘beauty’’) or utility that matters 
most? The encounter was apparently 
rowdy, and the question unresolved. The 
reason seems to have been a difference of 
idiom — which is not merely a name fora. 
pretty turn of words. What remains. to be 
learned, from the West, about China is 
whether present puzzles will melt away with 
the passage of time or whether, on the other 
hand, the idiomatic gulf. will prove to: be 
unbridgeable. ci 





John Maddox is Editor of Nature. 
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in Physics. By Richard Schlegel. Pp.302. 
ISBN 0-226-73841-8. (Chicago University 
_ Press: 1981.) $22.50, £13.50. 





< Tuts is an interesting book but — to my 
mind — very much a curate’s egg. The first 
- question which comes to mind is: for whom 
> ig-the book meant? The author himself 
“states that although at times he had 
thought of philosophers as his audience, 
his primary prospective audience is among 
“physicists or other physics-minded 
~ Scientists ‘‘who have some technical know- 
ledge of special relativity theory and of 
juantum theory — as given, say, in intro- 
ductory courses in those topics in 
_ American universities”. The next question 
_is: what is the message which the author 
“wants to convey? The answer is that he 
wishes to suggest that there is a funda- 
mental coherence in physics which can be 
-shown especially to exist when we consider 
“the two main pillars of what is still called 
“modern” physics, namely, the special 
theory of relativity (now 76 years old) and 
non-relativistic quantum theory (in its 
date sixties), The suggestion is that in both 
of these theories superposition (that is, the 
fact that if one has two separate solutions 
of the equations, a line or combination of 
them is also a solution) plays an essential 
. part and interactions with an observer are a 
deciding factor, This is orthodoxy as far as 
“quantum theory is concerned, but takes 
‘some swallowing when we come to special 
relativity. However, while this book does 
not give any compelling reasons — in my 
view, not even aesthetic reasons — to 
accept this thesis, there do not seem to be 
any experimental data which contradict it. 
This is, perhaps, not surprising, as no 
experimenta crucis are suggested to decide 
för or against the author’s views. 

Let me first of all list those aspects of the 
book which I found most admirable and 
- from which I benefited most. For a careful 
~ and well-informed reader it contains much 
that is illuminating. In particular, I found 
: the first and last chapters of great interest. 
-The discussion ini the first chapter of the 
_ contents of classical physics — going back 
- to Aristotle — and of the importance of 
“gmodels in theoretical physics in. general and 
in classical physics in particular is excellent. 
The last chapter containing a ‘‘summer- 
time conversation’’ between two 
physicists, the wife of one of them and a 
philosopher gives. a:cogent and on the whole 
clear account of most of the important 
points made in the main body of the book. 
















The second volume in the series Genetic 
Engineering (for a review of Vol.1 see 
Nature 292, 480) has recently appeared. 
Genetic Engineering 2 contains four 
contributions on gene evolution, genomic 
libraries, restriction enzymes and gene 
cloning in yeast. Prices are: £9.80, $24. 











Superposition and Interaction: Coherence’ 


“One might object to quantum mechanics as 


a deus ex machina and the relegation of 
God to a superior watchmaker — miracles 
seemed to have no place in the Universe in- 
habited by these four people — but these 
are minor objections. Another excellent 
discussion is the one of the clock paradox, 
where the author follows a suggestion 
made to him by Einstein himself and uses 
three uniformly moving inertial systems to 
resolve this paradox. 

Inow come to a number of points where 
I feel the author has seriously diminished 
the usefulness of this mainly philosophical 
treatise, especially for younger physicists. I 
would hesitate to give the book to my own 
pupils without a number of caveats, since 
in a number of places the theory given is 
wrong (or at least so poorly formulated as 
to be seriously misleading). In the account 
of measurement in quantum theory there 
is, in my opinion, insufficient emphasis on 
the difference between the preparation for 
a measurement and the measurement itself. 
However, the most fundamental error — 
and one which crops up several times — is 
in the discussion of pure states and 
mixtures. A mixed state cannot be 
represented by a wavefunction, but needs a 
density matrix. The concept of a density 
matrix — so central in the theory of 
measurement — is, in fact, nowhere 


‘mentioned in this book. 


Other points where the text is, to say the 
least, misleading are where the author 
states that the Maxwell equations are linear 
(homogeneous) differential equations for 
which the superposition principle ‘holds, 
without stating that this is only true for the 
Maxwell equations in vacuo. It is also con- 
fusing to stress de Broglie’s introduction of 
the relations between energy/momentum 







































and frequency/wavevector as against 
Schrédinger’s introduction of the wave 
equation in order to find a close relation 
between special relativity and non- 
relativistic quantum theory. After all, we 
still do not have a complete relativistic 
wave equation, but only approximate 
equations such as the Dirac and Klein- 
Gordon equations which are valid in the 
not-very-relativistic domain. 

In a book which is mainly philosophical 
in tone, one would expect careful use of 
language and it is disappointing to find a 
number of sloppy expressions. It is 
probably too much to expect that a careful 
distinction is made between utilize (‘‘to 
make useful, turn toaccount”’ according to 
the OED) and use, but a vital point is 
missed when it is stated that ‘‘the Greek 
word atomos means ‘individual’.’’ As an 
important issue in the book is the dis- 
tinction between macroscopic and micro- 
scopic systems, somewhere a careful 
definition of those terms should be given 
and the dividing line drawn between them 
— or it should be stated that it is often 
impossible to draw such a line. The general 
problem of what are physically meaningful 
questions and which are mainly philo- 
sophical ones, although hinted at several 
times, could also have been considered 
more carefully. For instance, I feel strongly 
that in a book of this kind there should bea 
clear discussion of the fact that a wave- 
function only has a meaning in as far as it 
can predict the outcome of an experiment 

— this, after all, makes quantum theory a 
theory which can be falsified. o 


D. ter Haar is a Fellow of Magdalen College and 
Reader in Theoretical Physics at the University 
of Oxford. 


What price the diversity of species? 
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Conservation and Evolution. By O.H. 
Frankel and Michael E. Soulé. Pp.327. 
ISBN hbk 0-521-23275-9; ISBN pbk 0-521- 
29889-X. (Cambridge University Press: 
1981.) Hbk £25, $49.50; pbk £7.95, $17.95. 








THE natural ecosystems of the world are 
disappearing at a frightening speed. 
Tropical rain forests are being destroyed at 
a rate of 4.7 ha min? and will be gone 
within 50 years. Every year sees a further 6 
million-lectares of arable land. Although 
some areas will be almost impossible to 
cultivate, the ingenuity of people: pressed 
for space must not be underestimated; and 
even if cultivation is not possible, hunting; 
logging and grazing will inevitably increase 
drastically beyond their present high levels. 

Against this scenario, what will be left of 


the wealth of plants and animals on this 
planet? Some species, r selected, of small 
size and with tolerance of man-made 
environments, will certainly survive. There 
are plenty of species left in England and 
China. But the great diversity will 
inevitably be reduced. This book is a 
critical analysis of what is likely to happen, 
written by two well-known population 
geneticists, highly experienced between 
them in both wild and cultivated species. 
If species are to. be conserved at all, 
the authors argue that they must be 
conserved without loss of genetic vari- 
ability. For outbreeding organisms, from 
considerations of the effects of inbreeding/ 
mutation/selection equilibria the 
authors conclude that a minimum effec- 
tive population size of 50 is necessary. 
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Neurophysiological 
Techniques 


1979. 148 figures, 4 tables.. 
XII, 308 pages. 

Cloth DM 56,80; 

approx. US $ 25.90 

ISBN 3-540-90407-7 


Neuroanatomical 
Techniques 


Insect Nervous System 


Editors: N.J. Strausfeld, T. A. Miller 
With contributions by numerous 
experts 

1980. 172 figures (26 figures in 
color). XVI, 496 pages 

Cloth DM 98,-; approx. US $ 44.50 
ISBN 3-540-90392-5 





Cuticle Techniques 
in Arthropods 


Editor: T.A. Miller 

With contributions by numerous 
experts 

1980. 112 figures. XIV, 410 pages 
Cloth DM 114,-; 

approx. US $51.90 

ISBN 3-540-90475-1 


This volume gives a comprehensive 
overview of the methodology used 
in the study of the physical, chemi- 
cal and biochemical properties of 
the arthropod cuticle. Containing a 
wealth of information and critical 
evaluations not available in any 
other single source, it also covers 
cuticle culturing, preparation for 
electron microscopy, and 
measurement of water transpir- 
ation and insecticide penetration. 
The material includes sufficient do- 
cumentation to allow exact repeti- 
tion of experiments, an important 
feature not always afforded by 
journal accounts. 


Neurohormonal 
Techniques 
in Insects 


Editor: T.A. Miller 

With a Foreword by G.S. Fraenkel 
With contributions by numerous 
experts 

1980. 90 figures, 23 tables. 

XXIV, 282 pages 

Cloth DM 79,—; approx. US $ 33.90 
ISBN 3-540-90451-4 


This book discusses the broad range 
of current neurochemical research 
on neurohormones. Although 
insects are used as models, the infor- 
mation offered is applicable to a 


variety of animal systems. 

Thorough desciptions of the me- ce 
thods of bioassay, extraction, and. 
identification of peptide hormones. 
synthesizedandreleasedfromnerve = 
cells are given. a 
Neurohormonal Techniquesin. o o 
Insects provides essential technical = = — 
information for researchers in insect 
neurochemistry, biochemistry, and 
neurobiology. 





Sampling Methods 
in Soybean 
Entomology 


Editors: M.Kogan, D.C. Herzog 
1980. 252 figures, 65 tables. 

XXIII, 587 pages 
Cloth DM 88,-; approx. US $40.00 
ISBN 3-540-90446-8 


This book summarizes the funda- 

mental, experimental, and analyti- 

cal procedures which are indispens- 

able for studying demographic data 

on insect populations. Practical 
procedures for obtaining relative 

and absolute data on arthropod 

parasites, predators, and diseases. 
are examined in-depth. Construce = 00. 
tion of various sampling devicesis o = 
explained, as well as selectionofthe 
most appropriate collecting techni- — 

ques based on the particular charac. 
teristics of the species, cost of collec- 

tion, and accuracy of collected data. 
Development of operational stand- 

ards for running these tests is 
stressed. 
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But if conservation is to include the 
possibility of continuing evolution then the 
minimum population size is 500. Once this 
conclusion is reached the problems of 
conservation become apparent. The 
minimum territory of a pair of mountain 
lions is 52 km?; to conserve this species 
requires an area about twice the size of 
Yellowstone National Park. There are 
therefore few reserves in the world that are 
large enough to ensure the survival of the 
dominant carnivores, and there is no doubt 
the majority are doomed to disappear. 

Yet nature reserves present the only 
possible solution. In which case there are 
criteria of population genetics and biology 
which must be observed if reserves are to be 
designed to function properly. Size is 
crucial according to island biogeographical 
theory, but so is migration. As a result 
there are arguments that small reserves are 
possible if there are connecting corridors. 
But the authors point out that this will only 
work in a limited number of cases. 

Even the r selected species, notably our 
crop plants and their wild relatives, have 
problems. It is crucial that we maintain 
genetic diversity to satisfy our present and 
future needs for food production. This 
means genes to cope with specific 
individual problems such as day length or 
disease, and genes by which we can build up 
co-adapted complexes for characters such 
as yield. The authors show that these genes 
are scattered in wild and cultivated 
material, often in places that cannot be 
predicted. 

For conservation and continued 
evolution, a diversity of populations must 
be maintained, if possible in natural 
conditions. So far, because of geographical 
expansion from migration and trade, the 
diversity in these species has. actually 
increased. But now the success of modern 
agriculture and plant breeding has sent the 
process into reverse, and whole groups of 
cultivars, such as the Welsh upland wheats 
and barleys, have completely disappeared. 
The solutions endorsed by the authors are 
various: in situ and ex situ dynamic 
conservation, and static conservation by 
storage, of which seed storage is perhaps 
the most efficient. But they do not offer 
any easy solutions to the problem of what 

to store, except to emphasize the need for 
international co-operation. 

This book is a remarkable survey of a 
problem which is crucial to us all. Not only 
does it list over 600 references but it 
achieves a remarkable synthesis and 
perspective, based on a masterly under- 
standing of theory as well as practice. It is 
enormously readable because of its simple 
and enthusiastic style. It is critical reading 
for plant and animal breeders, and all 
ecologists, so that they can better argue 
with politicians about what has to be done, 


before it is too late. 2 


A.D. Bradshaw is Professor of Botany ‘at the 
University of Liverpool. 
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1980.) $35.25. 








Every schoolboy knows that there are 
liquid crystal display devices, but a 
relatively few graduates are familiar with 
this “fourth state of matter”. There is 
certainly a need for introductory texts on 
the physical properties of these materials, 
to supplement George Gray’s excellent 
book, Molecular Structure and the 
Properties of Liquid Crystals (Academic, 
1962), which covers their general proper- 
ties. This short book by De Jeu is the 
first of what promises to be a series, edited 
by Professor Gray, on liquid crystals. It 
has, however, a misleading title since it 
does not cover all physical properties and is 
confined to discussing only the simplest 
mesophase, the nematic. This does have 
the advantage of making it a book that will 
be read rather than one too complex and 
long to appeal to those interested in other 
aspects of liquid crystals. 

Five physical properties are discussed: 
magnetic susceptibility, refractive index, 
dielectric permittivity, elastic constants 
and viscosity coefficients. Each topic is 
introduced by a discussion of the basic 
physics, which makes heavy demands on 
the background knowledge of the reader. 


There follows a survey of methods of 
measurement and a discussion of the work 
which has been done. The author draws 
heavily on his own research and does not 
attempt a general review, but this again 
adds to the readability of the book and 
conveys a sense that much remains to be 
done. 

Physicists, chemists and engineers 
interested in liquid crystallinity will 
welcome this book as providing a short, 
readable account of the five physical 
properties. It is written primarily with 
experimentalists in mind and it has a 
particularly useful chapter on sample 
preparation. It is less successful at 
explaining the significance of the results, 
mainly because of a deliberate decision not 
to get involved with the details of the 
various theoretical models developed in 
recent years. Restricting the scope of the 
book to those topics in which the author 
has been directly involved was a wise 
decision, for although one might wish for 
more discussion of cholesteric or smectic 
phases, or a more critical review of theory, 
what is included is discussed with an 
authority derived from a long experience in 
the laboratory. g 





J. W. Emsley is a Senior Lecturer in the 
Department of Chemistry at the University of 
Southampton. 
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THis volume is a reincarnation of the 
authors’ previous book, Fungal Lipid 
Biochemistry, published by Plenum in 
1974. The text has been completely re- 
written and revised but still centres on the 
distribution and biochemistry of fungal 
lipids — fatty acids, acyiglycerols, sterols, 
phospholipids, aliphatic hydrocarbons 
and sphingolipids. New aspects covered in 
the present volume include a brief history 
of fungal lipid research, more compre- 
hensive treatments of lipid taxonomy and 
substrate conversion into stored lipid, a 
description of the multifunctional yeast 
enzyme for fatty acid synthesis, the bio- 
synthesis of polyprenols and carotenoids, 
and a review of the role of fungal lipids in 
sporulation and spore germination. The 
bibliography has been correspondingly 
increased and, where appropriate, 
reference is made to contrasting bacterial, 
plant and animal systems. 

A few minor typographical errors can be 


recognized and I was somewhat surprised 
to find myself credited (Table 3.7) with 
research in the field of phycomycete fatty 
acids. Nevertheless, the authors should be 
congratulated on condensing the essence of 
about 1,000 research papers into a lucid 
text supplemented liberally by compre- 
hensive tables and figures. 

It is often only when someone gives the 
time and care to review a subject that the 
gaps in our knowledge of an otherwise 
diffuse topic become well defined. Fungal 
lipid metabolism is a case in point. Thirty 
years ago this book would have been simply 
a pamphlet listing some of the oils con- 
tained in fungi. Biochemistry has since 
moved so fast that the lipid composition of 
representatives of the major groups of 
fungi is now fairly well documented and the 
biosynthetic routes are generally under- 
stood, Itis, however, notable that although 
regulatory mechanisms for fatty acid 
synthesis have been well researched, the 
regulatory interactions involving lipids in 
whole-organism metabolism are largely 
unknown. This is perhaps not surprising 
since it is bound to be very complex. Never- 
theless, it is such areas of knowledge which 
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will be invaluable in fully understanding 
fungi as organisms. This is particularly 
relevant to species which interact para- 
sitically with other organisms or which 
have the ability to produce complex 
secondary metabolites, whether suitable 
for exploitation as pharmaceuticals or 
agrochemicals or whether hazardous on 
account of their propensity to act as 
mycotoxins. Often these functions are 
closely associated with lipid metabolism, 
frequently yielding metabolites from a 
common pool of key intermediates. 

In an age when biochemistry is con- 
centrating so much on the molecular level, 
however exciting, it would appear that 
metabolic biochemistry is being neglected. 
This book will be valuable in focusing atten- 
tion on fungal biochemistry — students, 
teachers and researchers in the field of micro- 
bial biochemistry will do well to consult it. C 
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J.B. Butterworth 


Universities in Partnership. By 1.C.M. 
Maxwell. Pp.480. ISBN 0-7073-0270-6. 
(Scottish Academic Press: 1980.) £15. 


Universities in Partnership describes the 
first 25 years of the work of the Inter- 
University Council for Higher Education 
Overseas, from the time when it was set up 
by the British universities in 1946 to assist in 
the creation of new universities in colonial 
territories which were rapidly becoming 
independent, Gradually the IUC was called 
upon to fulfil a wider role in helping these 
new institutions to develop their academic 
potential and train their staff. More 
recently, it became an important vehicle in 
facilitating better two-way communication 
between the universities in the UK and 
some 35 others in developing countries, an 
important partnership, based in equality, 
giving benefits to both sides by a number of 
different forms of relationship of which 
links between departments have become 
particularly important. 

This record of the universities with 
which the IUC has had association is 
impressively comprehensive and portrays 
their development as seen from the stand- 
point of the IUC. One is grateful to the 
author, Mr Maxwell, for his immense 
work of distilling the records of the IUC 
and, from a voluminous amount of 
material, producing such a readable and 


_ full account. At a time when the TUC is 


becoming the [UPC and merging with the 
British Council, it is important that all of 
this material should be available within the 
covers of one volume. 

The book is divided into three parts, the 
first of which is particularly interesting in 


that it gives a short and attractive account 
of the basic theories upon which the work 
of the TUC has been based, and of the way 
in which those theories or principles have 
changed with time. In Part 2, “The 
Foundation and Growth of the 
Universities’, Mr Maxwell presents the 
universities in considerable detail, much 
of which comes from the archives of the 
IUC. The book seems to change gear 
between Part. 1 and Part 2, the earlier 
section dealing in a lively way with 
the principles and policies which evolved 
over the 25 years. The second part, no 
doubt because it is dealing with each 
individual university and is condensed 
from the IUC records, does not always say 
what one might wish to hear. In the 
development of any institution people are 
crucial, and the end of the period covered 
by Mr Maxwell was particularly important 
because indigenous Vice-Chancellors were 
taking over from expatriates; one would 
have liked to know more about those 
individuals whose influence had been crucial 
in the development of particular universities. 

The book, of course, is intended to be a 
history of the IUC and not of the individual 
universities with which it was associated. 
But too close an adherence to the reports of 
commissions and the decisions of Senates 
and Councils may not always reveal the 
reality which is the university. Moreover, it 
would have been interesting if Part 2 or 
Part 3 on the role of the [UC had explored 
more fully some of the important themes 
referred to earlier in the book, especially 
the historical growth of the concept of a 
developmental university. The ideas and 
plans already current in the 1960s, as the 
Kericho Conference in 1966 bears 
evidence, were having and were to have 
considerable effect upon the new uni- 
versities in developing countries. A prime 
example is the concept of an umbrella 
university such as Malawi, taking within 
iteself virtually all post-school education. 
Another is the single university catering for 
a number of different countries, evolving 
from the University of the West Indies, to 
the University of Botswana, Lesotho and 
Swaziland, and the experience there 
acquired being applied in the University of 
the South Pacific. The concept of a devel- 
opmental university advanced rapidly after 
1970 and it might have been advantageous 
if Mr Maxwell had not stopped abruptly at 
that date, for a deeper exploration of these 


‘themes could have given guidance and 


illumination to university development 
both now and in the future. 

Nonetheless, we should be grateful to the 
author for the valuable work of reference 
he has made available to us. Those who 
consult it about particular events in the 
history of any of the universities are 
unlikely to be disappointed; it is an 
extensive and objective record. g 





J.B. Butterworth is Vice-Chancellor of the Uni- 
versity of Warwick, was Chairman of the IUC 
from 1968 to 1977, and becomes Chairman of 
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Bacterial Chemotaxis As a Model Be- 
havioral System. By Daniel E. Koshland. 
Pp. 193. ISBN 0-89004-468-6. (Raven: 
1981.) $19.50. 


BACTERIA, the most primitive free-living 
organisms, continuously monitor the con- 
centrations of chemicals in their environ- 
ment, decide whether these concentrations 
are rising or falling, shift gears in their 
rotary engines and swim toward regions 
that they find more favourable. The 
modern armament of genetics, bio- 
chemistry and biophysics has been brought 
to bear on this remarkable behavioural 
system, and some of the processes involved 
are now understood in molecular detail. 
Professor Koshland surveys this work in 
terms intended for both the educated 
layman and the specialist, striving, as he 
puts it, to bridge the gap between general 
interest and scientific accuracy. He then 
moves with some temerity to a discussion 
of the function and malfunction of the 
human brain, arguing that the biochem- 
istry of bacterial chemotaxis is relevant to 
the nervous system of human beings 
themselves. 

This is a provocative book. It speaks 
with authority about the interactions of 
ligands with receptors, receptors with 
signallers, and signallers with enzymes that 
methylate and demethylate. It describes 
models for signalling and adaptation that, 
although incomplete, have led to a number 
of fruitful biochemical studies. It contains 
lively speculations on necessity and chance, 
memory and learning, and even love and 
hate. j 

But I have serious reservations. This is a 
personal account. The book does not 
adequately treat pioneering. work on 
bacterial motility and chemotaxis done 
outside Berkeley. Nor does it make any 
attempt to place in proper historical per- 
spective the idea that the nervous system of 
higher organisms evolved from reactions 
that can be found in the most primitive 
living things, or the hope that a knowledge 
of the mechanisms of bacterial chemotaxis 
might contribute to our understanding of 
neurobiology and psychology. These 
concepts are not new. Neurobiologists 
already know that they need to learn more 
about the biochemistry of the brain. A 
biochemist of Professor Koshland’s 
experience might have been expected te 
offer more insights into problems that they 
might profitably pursue. 

I prefer to think of bacteria as objects of 
fascination in their own right. Indeed they 
may prove to be more sophisticated than 
cells of the human brain. Bacteria have 
been around for billions of years, and in- 
dividuals in each generation have had to 
survive on their own merits. a 


Howard C. Berg is Professor of Biology at the 
California Institute of Technology, Pasadene. 
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LOCKER, D. Symptoms and Hlness. The Cognitive Organization of Disorder. 
Pp.193. ISBN 0-422-77460-X. (Tavistock, London: 1981.) £32, 

MENDELS, J. and AMSTERDAM, J.D. (eds). The Psychobiology of Affective 
Disorders. Pfizer Symposium on Depression, Boca Raton, Florida, February 1980. 
Pp.220. Flexi ISBN 3-8055-1400-X. (Karger, Basel: 1980.) SwFr.39, DM47, $23.50. 

WALKER, C.E. etal. Clinical Procedures for Behaviour Therapy. Pp.400. ISBN 
0-13-137794-9. (Prentice-Hall: 1981.) £12.95, 

WINGFIELD, A. and BYRNES, D.L. The Psychology of Human Memory. 
Pp.429, Flexi ISBN 0-12-759650-X. (Academic: 1981.) Flexi $10.95. 


History of Science 


BAXBY, D. Jenner’s Smallpox Vaccine: The Riddle of Vaccinia Virus and its 
Origin. Pp.214. ISBN 0-435-5407-2. (Heinemann Educational, London: 1981.) 


# £8.50. 


HANLE, P.A, and CHAMBERLAIN, VON DEL. (Eds). Space Science Comes 


0f Age. Perspective in the History of the Space Sciences. Pp.i94, Hbk ISBN 


0-87474-508-X; pbk ISBN 0-87474-507-1. (National Air and Space Museum 
Smithsonian Institution, Washington: 1981.) Np. 

MOLELLA, A.P. etal (eds). A Scientist in American Life: Essays and Lectures 
of Joseph Henry. Pp.136. Pbk ISBN 0-87474-641-8. (Smithsonian Institution, 
Washington, D.C.: 1981.) Pbk 36.95. w 

NEWELL, H.E. Beyond the Atmosphere. Early Years of Space Science. The 
NASA History Series. Pp.197. (Superintendent of Documents, U.S. Government 
Printing Office, Washington: 1980.) Pbk np. 
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STEARN, WT. The Natural History Museum at South Kensington. A History of 


the British Museum (Natural History) 1753-1980. Pp.414. ISBN 434-73600-7. 
(William Heinemann, London: 1981.) £15. 


Anthropology 


ANDERSON, D.C. and SEMKEN, H.A. Jr. (eds). The Cherokee Excavations 
Holocene Ecology and Human Adaptations in Northwestern lowa, Pp.277. ISBN 
0-12-058260-0. (Academic: 1980.) $23. 

HEALY, P.F. Archaeology of the Rivas Region, Nicaragua. Pp.382. ISBN 
0-88920-004-7. (Wilfred Laurier University Press: 1981.) $13.50. 

MUCKELROY, K. Discovering a Historic Wreck. Handbooks in Maritime 
Archaeology, No.1. Pp.47. Pbk ISBN 0-905555-51-1. (Trustees of the National 
Maritime Museum, London: 1981.) Pbk £1.20. 

ROBINSON, W.S. First Aid for Marine Finds. Handbooks in Maritime 
Archaeology, No.2. Pp.40. Pbk ISBN 0-905555-52-X. (Trustees of the National 
Maritime Museum, London: 1981.) Pbk £1.20. 

STYLES, B.W. Faunal Exploitation and Resource Selection. Early Late 
Woodland Subsistence in the Lower Ilinois Valley. Northwestern University 
Archaeological Program: Scientific Papers, No.!. Pp.312. (Northwestern 
University Archaeological Program, Evanston, Ilinois: 1981.) Pbk $12. 


General 


GILLIESPIE, J.H. and TIMONEY. J.F. Hagan and Bruner's Infectious Diseases 
of Domestic Animals. With Reference to Etiology, Pathogenicity, Immunity, 
Epidemiology, Diagnosis, and Biologic Therapy. 7th Edn, Pp.851. ISBN 
0-8014-1333-8. (Cornell University Press: 1981.) $39.50. 

GLOVER, D.M. Genetic Engineering Cloning DNA. Pp.78. Flexi ISBN 
0-412-16170-2. (Chapman & Hall: 1980.) £2.45. 

GOLDSPINK, D.F. (ed.) Development and Specialization of Skoletal Muscle. 
Pp. 155. Hbk ISBN 0-521-23317-8; pbk ISBN 0-521-29907-1. (Cambridge University 
Press 1981.) Hbk £18, pbk £8.95. 

GOODERS, J. The Bird Seeker's Guide. Pp.208. Pbk ISBN 0-233-xxxx-8; pbk 
ISBN 0-233-97380-X (André Deutsch: 1981.) Hbk £6.95; pbk np. 

HARRIS, E., and HARRIS, J. The Guinness Book of Trees. Britian’s Natural 
Heritage. Pp. 160. ISBN 0-851 12-303-1. (Guinness Superlatives, Enfield, Middlesex: 
1981.) £4.50, 

MIDDLETON, W. E. K. Radar Development in Canada: The Radio Branch of 
the National Research Council of Canada 1939-1946. Pp. 148. ISBN 0-88920- 106-4. 
(Wilfrid Laurier University Press: 1981.) $9.75. 

MUCKELROY, K. Discovering a Historic Wreck, A Handbook Offering Some 
Advice On What To Do When You Find An Archaeological Site Under Water. 
Handbooks in Maritime Archaeology, No. 1. Pp.47. Flexi ISBN 0-905555-51-1. 
(National Maritime Museum, Greenwich, London: 1981.) £1.20. 

MURRAY, J. and MONRO, M. (eds). Uranium and Nuclear Energy: 1980. 
Proceedings of the 5th International Symposium held by the Uranium Institute, 
London, September 1980. Pp.359. ISBN 0-86103-041-9. (Westbury House, 
Guildford, England: 1981.) Np. 

OPPENHEIM, D. Small Solar Buildings in Cool Northern Climates. Pp.139. 
Flexi ISBN 0-85139-596-1. (Architectural Press, London: 1981.) £12.95. 

PERSINGER, M. A. The Weather Matrix and Human Behaviog. Pp.327. ISBN 
0-03-057731-4, (Praeger/Holt-Saunders, New York: 1980.) £18. 

PIAGET, J. Experiments in Contradiction. Pp.310. ISBN 0-226-66779-0. 
(University of Chicago Press: 1981.) £13.20. A 

POWELL, J. Aircraft Radio Systems. Pp.255. ISBN 0-273-08444-5, (Pitman 
Publishing: 1981.) £18.75. 

ROCHE, H. Premiers Outils Taillés D’ Afrique. Pp.264. Pbk ISBN 2-901 161 14-6. 
(Sociéte d’ethnographie: 1980.) Pbk np. 

ROSE, M. Curator of the Dead. Thomas Hodgkin (1798-1866). Pp.148. ISBN 
0-7206-0527. (Peter Owen, London: 1981.) £9.50. 

ROSENTHAL-SCHNEIDER, I. Reality and Scientific Truth. Discussions with 
Einstein, von Laue, and Planck. Pp.148. ISBN 8143-1650-6. (Wdayne State 
University Press: 1980.) Np. 

SAGER, N. Natural Language Information Processing. A Computer Grammar 
of English and Its Applications. Pp.399, ISBN 0-201-06769-2. (Addison-Wesley: 
1980.) £37.50. 

SALTZMAN, B. (ed.). Estuarine Physics and Chemistry: Studies in Long Island 
Sound. Pp.424. ISBN 0-12-018822-8. (Academic: 1980.) $4.50. 

SHATZ, M. S. Soviet Dissent in Historical Perspective. Pp.214. ISBN 
0-521-23172-8. (Cambridge University Press: 1980.) £12.50. 

SMITH, M. F. (ed.). Chart. Evolution. A Third Level Science Course ($364). (The 
Open University: 1981.) Np. 

SPALENY, J. (ed.) Proceedings of the 3rd Internationale Conference 
Bioindicatores Deteriorisationis Regionis, 12-16 September 1977, Loblice near 
Prague, Czechoslovakia. Pp.410. (Academia, Praha: 1980.) Pbk np. 

TRAN THANH VAN, J. (ed.) Elementary Constituents and Hadronic Structure, 
Vol. I. Proceedings of the 15th Rencontre De Moriond, Les Arcs-Savoie, France, 
1980. Pp.702. ISBN 2-86332-006-8, (Editions Frontieres, Dreux: 1980.) Np. 

TURNER, G. L'E. Collecting Microscopes. Pp. 120. ISBN 0-289-70882-6. (Studio 
Vista, London: 1981.) £6.95. 

WEIRZBICKA, A. Lingua Mentalis. The Semantics of Natural Language. 
Pp.367. ISBN 0-12-750050-2. (Academic: 1981.) $54, 

WOLF, J. A., CAHEN, M. and DE WILDE, M. (eds). Harmonic Analysis and 
Representations of Serni-Simple Lie Groups, Mathematical Physics and Applied 
Mathematics, Vol.$. Lectures given at the NATO Advanced Study Institute on 
Representations of Lie Groups and Harmonic Analysis, held at Liege, Belgium, 
September 1977. Pp.495. ISBN 90-277-1042-2. (Riedel: 1980.) Dfl.125, $66. 
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ER ps ee peel 


SENIOR Scientific Officer with good 
practical experience in HLA typing 
required to take technical charge of 
busy routine laboratory associated 
with a large Bone Marrow Donor 
Register. Work necessitates close 
collaboration with hospitals engaged 
in bone marrow transpiantation and 
< with departmental research projects. 
Ability to maintain high laboratory 
technical standards essential. Salary 
scale £5,500 to £7,110 plus London 
Weighting. Please write in first 
instance with CV to D C © James, 
Anthony Nolan Laboratories, St 
Mary Abbots Hospital, Marloes 
Road, London W8. (Tel: 01-937 
2660). (9392)A 





POSTDOCTORAL Research Asso- 
ciate. Position available as soon as 
fall, 1981, for PhD in cell biology, 
biochemistry or molecular biology, 
to join program on UV transfor- 
mation of human skin cells, DNA 
damage and repair in these cells, and 
in skin in vivo. Experience in cell 
culture and/or biochemistry of 
mammalian cells desirable. Appoint- 
ment initially for one year renewable. 
Apply to: Dr Betsy M Sutherland, 
Biology Department, Brookhaven 
National Laboratory, Associated 
Universities, Inc., Upton, LI, New 
York 11973. An equal opportunity 
employer m/f. (NW834)A 
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seeks a 


should also have 


(preferably with a 
necessarily scientific) 





C 


WASHINGTON 
CORRESPONDENT 


to succeed David Dickson, who will be leaving his post in 
Washington on 31 March 1982. The post is central to 
Nature's reporting of developments affecting science in 
North America and elsewhere. 

Applicants shouid be English-speaking, preferably with 
some first-hand knowledge of the United States and 





* a university degree (preferably in science) f ' 
* at least two years’ experience of written journalism 
weekly or daily periodical, but not 


*. a broad interest in current affairs. 

The successful applicant will be employed by Nature 
America Inc., initially for a fixed term (to be negotiated). 
To allow for a spell in the London office of Nature and a 
period of overlap in Washington, applicants should be 
able to be free no later than 1 March 1982. 


Salary, travel allowances and other conditions of 


~employment by negotiation. 


Applications, including a full curriculum vitae, 
should be plainly marked “Job application” and 


addressed to the Editor, 


Nature, Macmillan 


Journals, 4 Little Essex St, London WC2R 3LF or 
Nature, 15 East 26 St, New York, NY ba eo 


before 30 September 1981. 














UNIVERSITY OF BRISTOL 
DEPARTMENT OF BACTERIOLOGY 
POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for this post, 
which is available immediately, to 
work on mechanisms that inhibit the 
transposition of transposable 
elements, particularly those encoding 
drug-resistance. Experience in 
recombinant DNA technology is 
desirable. The appointment will be 
for three years. 


Starting salary will be in range 1A 
of the scales for Research and 
Analagous Staff (£6,070 — £6,880 pa). 


Applications, including a 
curriculum vitae and the names and 
addresses of two referees, should be 
sent, as soon as possible, to Dr P M 
Bennett, University of Bristol, 
Department of Bacteriology, The 
Medical School, University Walk, 
Bristol BS8 I TD. (9408)A 





UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
LECTURER 
(Part-time) 

IN FOOD CHEMISTRY 


Applications are invited for a lecturer- 
ship (part-time) in Food Chemistry in 
the Department of Human Nutrition 
of the Faculty of Home Science. 


The appointee will contribute to 
the Food Science sections of Depart- 
mental teaching. The post is suitable 


for a Food Scientist to combine with | 


Consulting or R and D work, or it 
could be combined with postgraduate 
study. Up to a half-time position is 
available. 


Salary: Lecturer — Pro Rata 


| NZ$19,140 — $23,520 per annum. 


Further detailed information is 
available from Professor J A 
Birkbeck, University of Otago, 
Department of Human Nutrition, 
Dunedin, New Zealand. A Statement 
of General Information and con- 
ditions of appointment including 
method of application is available 
from the Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WC1H 
OPF, or from the Registrar of the 
University, PO Box 56, Dunedin, 
New Zealand. 


Applications close on 30 Sep- 
tember 1981. (9422)A 











| OPF 


UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF BOTANY 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for this 
SERC funded post tenable for three 
years from November 1981 to work 
on the taxonomy of perennial brome- 
grasses under the supervision of Dr P 
M Smith. The work will include 
anatomical and morphological inves- 
tigations and the applicants should 
have a good Honours degree in 
Botany and have a PhD or similar 
experience in plant taxonomy. 


Applications, together with the 
names of three referees, should be 
sent by 30th September 1981 to the 
Secretary to the University, 
University of Edinburgh, Old 
College, South Bridge, Edinburgh 
EH8 9YL. Please quote Reference 
5050. (9427)A 





UNIVERSITY OF 
QUEENSLAND 
Australia “= 
CHAIR 
in the 
DEPARTMENT OF 

PHYSIOLOGY & PHARMACOLOGY 
The University of Queensland invites 
applications for a Chair of Phy- 
siology in the Department of 
Physiology and Pharmacology which 
became vacant in January, 1981, wit 
the resignation of Professor G L 
Thorburn. Applicants should be abl 
to present evidence of substantia) 
research achievement and acknow 
ledged leadership in the field ol 
Physiology. The successful applica 
will be expected to demonstrate an 
foster excellence in research, and wi 
be responsible to the Head of i 
Department of undergraduate a 
postgraduate teaching in keepi 
with Faculty Board and Depa 
mental requirements. 


Salary: $441,509 per annum. T 
position is subject to the availabi 
of funds. 

Additional information a 
application forms are obtain 
from the Association of Comm 
wealth Universities (Appts), 
Gordon Square, London WC 


(9404) 





























Nature Vol. 292 27 August 1981 


FRESHWATER 
BIOLOGICAL ASSOCIATION 
BIOMETRICIAN/ 
STATISTICIAN 


required for Windermere Laboratory 
tO-initiate research in biometry as 
applied to pupulation dynamics of 
benthos, plankton and fish, sampling 
freshwater organisms and chemical/ 
physical variables and experimental 
studies in collaboration with bio- 
logists and chemists. Minimum of 2.1 
honours degree in  statistics/bio- 
metry/mathematics or science degree 
plus statistical training or experience. 
Conditions analogous to HSO/SSO 
in Civil Service, starting salary 
between £6,075 and £7,644 pa. 


Full details: Secretary, FBA, The 
Ferfy House, Ambleside, Cumbria 
LA22 OLP (096 62 2468). Closes 7 
Sept. (9314)A 


KING’S COLLEGE LONDON 
RESEARCH TECHNICIAN 
GRADE 3 


Applications are invited from 
persons interested in working on the 
control of globin gene expression in 
the frog. Xenopus laevis, in our 
Biophysics Department at Drury 
Lane WC2. Experience of work with 
nucleic acids, enzymes and bacteria 
would be an advantage. The success- 
ful applicant will also help with the 
administrative running of the labo- 
ratory and with the preparation of 
undergraduate practical classes. 
Salary on a scale rising from £5,688 
pa (incl) to £6,489 pa (incl). 37 1⁄2 hour 
week, Monday to Friday. Five weeks’ 
annual holiday. Annual season ticket 
loan. Superannuation Scheme. 


Apply in writing as soon as possible 
with a curriculum vitae and the names 
and addresses of two referees, to The 
Head Clerk (Ref: N226996), King’s 
College London, Strand, London 
WC2R2LS. (9415)A 


SIINNE OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF BIOCHEMISTRY 
TEMPORARY RESEARCH 
ASSOCIATE 


Applications are invited for an MRC- 
funded position of temporary 
Research Associate in the above 
department. The post is tenable for 
three years from 1st October, 1981 or 
as soon as possible thereafter. 


The project will investigate the 
regulation of the activity of branched- 
chain 2-oxo acid dehydrogenase by 
phosphorylation — dephosphoryla- 
tion. Experience of enzyme purifica- 
tion and/or protein phosphorylation 
would be beneficial. 


Initial salary will be at the rate of 
£6,070 per annum within the range 
£6,070 — £6,475 — £6,880 on the 
Range IA scale. 


Applications, including full curri- 
culum vitae and the names and 
addresses of three persons. to whom 
reference may be made, should be 
sent, as soon as possible, to Dr 
S J Yeaman, Department of Bio- 
chemistry, Ridley Building, Univer- 
sity of Newcastle upon Tyne NEI 
7RU, from whom further details may 
be obtained. (9402)A 














UNIVERSITY OF NATAL 
DEPARTMENT OF BOTANY 
PIETERMARITZBURG 


Applications are invited from suitably 
qualified persons regardless of sex, 
religion, race, colour or national origin, 
for appointment to the post of: 


SENIOR LECTURER 


Minimum qualifications would be a 
PhD in Botany or closely allied field 
and/or suitable academic or research 
experience. 


The successful incumbent will be 
responsible for the organisation and 
teaching of courses in the fields of 
Plant Taxonomy, Plant Biosyste- 


matics and Population Biology of | 


Plants. 


Major areas of research within the 
Department include Angiosperm 
Taxonomy, Experimental Morpho- 
logy, Phycology, Plant Physiology 
and Terrestrial and Aquatic Ecology. 


The salary will be in the range of: 
R14,370 — R20,850. 


The commencing salary will be 
dependent on the qualifications 
and/or experience of the successful 
applicant. In addition, an annual 
service bonus equivalent to 93% of 
one month’s salary is payable, 
subject to Treasury regulations. 


Application forms, further 
particulars of the post and 
information on pension, medical aid, 
group insurance, staff bursary, 
housing loan and subsidy schemes, 
long leave conditions and travelling 
expenses on first appointment are 
obtainable from the London 
Representative, South African 
Universities Office, Chichester 
House, 278 High Holborn, London 
WCIV 7HE, or from the Registrar, 
University of Natal, PO Box 375, 
Pietermaritzburg, 3200, (telephone 
63320), with whom applications must 
be lodged not later than 16 October 
1981, quoting the reference PMB 
51/81. (W4071)A 


UNIVERSITY OF OXFORD 
NUFFIELD DEPARTMENT OF 
ORTHOPAEDIC SURGERY 
MRC BONE RESEARCH 
LABORATORY 
Applications are invited for two posts 
to work on the isolation and charac- 


terization of factors that induce the 
differentiation of bone cells. 


(1) POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 
Starting salary (Range 1A) —- £6,070 — 
£7,290 pa for biochemists with experience 
in protein isolation + cell culture 
techniques 


(2) MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


Salary range — £4,851 — £5,334 for 
technical assistance with above project 


The posts are supported by MRC for 
a three year period. Applications 
with full curriculum vitae and names 
and addresses of three referees to Dr 
J T Triffitt MRC Bone Research 
Laboratory, Nuffield Orthopaedic 
Centre, Oxford OX3 7LD, as soon as 
possible. (9367)A 





















against Theileriosis. 


and retirement benefits. 





ILRAD 


INTERNATIONAL LABORATORY 
FOR RESEARCH 
ON ANIMAL DISEASES 


Scientific Research 
Position 


International Laboratory for Research on 
Animal Diseases 
(ILRAD) 


A vacancy exists in the Pathology Division of ILRAD for a Research 
Scientist to continue studies on the inductive mechanisms for cell 
mediated immunity against the protozoan parasite Theileria parva in 
cattle and to analyse the antigenic composition of the parasite, 
Opportunities exist for collaborative research on surface markers of 
bovine lymphocytes and means of eliciting protective immunity 


The applicant should possess a degree in Veterinary Science (or he 
familiar with experimentation in livestock) together with a PhD, 
Relevant postdoctoral experience would also be an advantage, 
Salary will be paid in US dollars according to experience. Perquisites 
include movement, housing and commutation allowances, medical 


Applications with curriculum vitae and the names of three 
referees should be addressed to: The Director of 
Administration, ILRAD, PO Box 30709, Nairobi. 


Closing Date: 15 September, 1981. 














(W408) A 









UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOW 
Crystallography 
Applications are invited for the 
above SRC-funded post to inves- 
tigate the crystal structures of some 
simple volatile inorganic 

compounds, 


Applicants should have experience 
in X-Ray Crystallography. 
Familiarity with techniques of low 
temperature crystal preparation 
would be an advantage. 


The appointment will be for two 
years starting on or after Ist January 
1982. The initial placing will be on the 
1A scale, starting at a point that will 
depend on age and qualifications. 


Applications, including the names 
of two referees, should be sent to 
Professor E A V Ebsworth or DrA J 
Welch, Department of Chemistry, 
University of Edinburgh, West 
Mains Road, Edinburgh EH9 3JJ, 
from whom further particulars may 
be obtained. Please quote reference 
5049. (9428)A 








Royal Postgraduate 
| Medical School 
(Universityof London} 
Department of Clinical 
Pharmacology 


SENIOR RESEARCH 
OFFICER 
(Post-Doctoral) 


required to join a multidig J 

ciplinary team involved in the. 
characterisation of purified | 
forms of human drug metabolis 
ing enzymes, in particular torme 1 
of cytochrome P-450. The suc- 
cessful applicant will have ao @ 
PhD in Biochemistry, preferably g. 
with experience of pratein- 
chemistry. The post is sup. 9 
ported by the Medical Research: $ 
Council until 31 August 1982. à 
Salary on range IA between W 
£6,070 — £7,700 plus £967. 
London Allowance a year. i 
Applications forms and further 
details may be obtained from 
the Personnel Office, Royal @ 
Postgraduate Medical School, 4 
150 Du Cane Road, London 
W12 OHS quoting reference 
number 20/458. (9419) A 
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Rese 


opportunities 


with ELI LILLY 





Eli Lilly and Company is one of the world’s largest 
producers of clinical pharmaceuticals, animal health and 
agrochemical products. 


At our U.K. Research Centre, situated near Camberley in 
Surrey, we are actively engaged in basic research on a 
variety of projects and we currently have three vacancies 
within our research teams. 


PHARMACOLOGIST 


An experienced pharmacologist (Ph.D or B.Sc.) with an 
interest in the immune system is required to participate in 
an inter-active programme exploring the pharmacology of 
cytokines and effector substances. 


BIOCHEMICAL PHARMACOLOGIST 


Arecent graduate biochemist/pharmacologist is required 
in our Central Nervous System Research Group. This multi- 
disciplinary group is primarily interested in the 


TISSUE IMMUNOLOGY 
SPECIALIST 


for a senior post in Cape Town, perhaps the 
world’s most attractive coastal city. 


The Hospitals Department within the Cape of Good Hope's 
Privincial Administration seeks a Senior Specialist for the 
Tissue immunology Laboratory, situated at the University of 
Cape Town Medical School. 


This weil established laboratory renders services to two 
major teaching hospitals, namely the Groote Schuur 
Hospital University of Cape Town and Tygerberg Hospital/ 
University of Stellenbosch (just outside Cape Town) as well 


as to the State Health Department. 


Candidates should be experienced in all laboratory aspects 
of HLA typing and transplantation immunology. Knowledge 
of red cell serology and genetics would be a 
recommendation. 


A fixed salary of R24,450 p.a. is offered (7 = R1.74) and, if 
necessary, the successful candidate will be assisted in 
finding accommodation. Cape Town itself offers 
comprehensive schooling and shopping facilities together 
with a high standard of living at low cost, some of the 
world’s most attractive scenery, beaches and a 
Mediterranean-style climate. 


Further details can be obtained from Dr. du Toit, 
Provincial Laboratory for Tissue Immunology, 
Private Bag 4, Observatory 7935, Cape Town, 


Republic of South Africa. {IDA 





development of novel anti-psychotic drugs, and the 
successful candidate will be expected to continue existing 
projects and to initiate areas of novel research. 


BIOLOGIST/IMMUNOLOGIST 


A recent graduate (or H.N.C. equivalent) is required in our 
multi-disciplinary Immunology Research Group to work in 
areas of T-cell function, and antigen presentation and 
delayed-type hypersensitivity and to collaborate in 
hybridoma technology. Experience in tissue culture and/ 
or various immunological techniques would be an 


advantage. 


For all these positions, a highly competitive salary is offered 
together with a non-contributory pension and life 
assurance scheme, subsidised B.U.P.A., 21 days’ holiday, 
flexible working hours and relocation expenses where 


applicable. 


Please write to: Miss S.M. Smith, Personnel Manager. 


LILLY RESEARCH CENTRE LIMITED 
ERL WOOD MANOR, WINDLESHAM, SURREY. TEL: (0276) 73631. 
SE ET OTA NA LS OR ee AEE EE 


THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 


(University of London) 
Courtauld Institute of 
Biochemistry 


POST-DOCTORAL 
RESEARCH ASSISTANT & 
RESEARCH ASSISTANT 


Applications are invited for the 
above positions to work on an MRC 
supported project concerning the 
biosynthetic pathway of membrane 
proteins of the Golgi apparatus. The 
project will utilize a wide range of 
techniques including tissue culture, 
cell fractionation, cell-free protein 
synthesis and recombinant DNA 
technology. Previous experience in 
some of these techniques would be 
advantageous. Applicants should 
have a PhD or a good BSc Honours 
degree dependent on the position 
sought. The appointment are for 
three years from | October 1981 with 
astarting salary of £6,880 per annum 
plus £967 London Allowance (Post- 
doctoral Research Assistant) and 
£5,285 per annum plus £967 per 
annum London Allowance (Research 
Assistant). 


Applications should be sent 
together with a curriculum vitae and 
the names of two referees to Dr 
R K Craig, Courtauld Institute of 
Biochemistry The Middlesex Hospital 
Medical School, London WIP 7PN. 

G41 DA 





(9370)A 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF 
PHYSIOLOGY AND 
ENVIRONMENTAL SCIENCES 


POSTGRADUATE 
RESEARCH ASSISTANT 


Applications are ‘pvited for the 
above ARC funded post to investi- 
gate the role of cell wall degrading 
enzymes during abscission. The post 
is for a period of 3 years and suitable 
candidates may register for a higher 
degree. 


Applicants should have a good 
honours degree in a biological science 
and should send a Curriculum Vitae, 
together with the names of two 
referees to: Dr J A Roberts, Depart- 
ment of Physiology and Environ- 
mental Sciences, University of 


Nottingham, School of Agriculture, 
Sutton Bonington, Loughborough 
(9426). 


LEI25RD. 
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PROJECT MANAGER (PM) 
` TEN METER TELESCOPE 


(TMT) 
VRE Ree on FORNIA 


Applications are invited for the 
current opening of project manager 
for the UC TMT. The PM will have 
overall project responsibility for 
planning, engineering design, cost 
estimation, scheduling, and budget 
management for procurement, fa- 
brication, and construction during 
the design and construction phases 
of the Ten Meter Telescope and 
related facilities. The PM will work 
in close cooperation with the 
project. scientist in the determina- 
tion of design and performance 
specifications and the development 
of the detailed engineering design. 
Applicants should have demon- 
strated ability to complete major 
projects on time within budget. 
Experience in siting and site 
support requirements of stand- 
alone research facilities is valuable. 
Knowledge of electromechanical- 
optical systems, computer environ- 
ments, structural engineering, and 
laboratory research facility designs 
is desirable. Experience as manager 
of major research construction pro- 
jects is a requirement. Applicants 
with degrees in engineering or 
physical sciences are preferred. 
The PM will be an associate director 
of Lick Observatory reporting to a 
UC Executive Management Com- 
mittee. Salary will be commen- 
surate with experience and quali- 
fications. 
Applicants should send résumé and 
the names. of three persons who 
have been asked by the applicant to 
submit letters of professional 
reference directly to the Chair. All 
application materials should be 
received by 15 September 1981 and 
should be sent to: 
Dr. Harold Ticho 
TMT/ENC Chair 
c/o Lick Qbservatory 
Universityof California 
Santa Cruz, ‘California 95064 


An Equal Opportunity/ Affirmative 
Action Employer 
(NW836)A 


RESEARCH ASSOCIATE 
and 
POSTDOCTORAL FELLOWS 


Positions immediately available to 
investigate monoclonal phagocyte 
biology as part of an active research 
group devoted to this area. Emphasis 
on monoclonal antibodies as probes 
of function and differentiation. PhD 
in immunology, biochemistry or 
pharmacology preferred. Salary 
zommensurate with experience. 


Send curriculum vitae and three 
references to: Dr Stephen W Russell, 
Director, Comparative and Ex- 
perimental Pathology, Box J-145, 
JHMHC, University of Florida, 
Gainesville, FL 32610. Closing dead- 
line for applications is 15 October, 
1981. The University of Florida is an 
¿qual opportunity/affirmative 
action employer. (NW838)A 











ROTHAMSTED 
EXPERIMENTAL STATION 


Harpenden, Herts ALS 2JQ 
PLANT PROTOPLASTS 


Applications are invited from 
graduate biologists to join a team 
working in the Biochemistry Depart- 
ment on the genetic manipulation of 
crop plants. The successful applicant 
will be expected to develop tech- 
niques for the regeneration of crop 
plants from isolated protoplasts. 
Applicants must have a proven 
record of success in plant 
regeneration and protoplast tech- 
nology and preference will be given to 
those with a PhD and some post- 
doctoral experience. 


Qualifications: ist or Upper 2nd 
class honours degree. 


The successful applicant will be 
appointed in one of the following 
grades according to qualifications 
and experience: Higher Scientific 
Officer (£6,075 — £7,999); Senior 
Scientific Officer (£7,644 — £9,619); 
Principal Scientific Officer (£9,690 
— £12,540). 


At least 2 years relevant experience 
is required for HSO grading, and 4 
years for SSO, Grading at PSO level 
will only be considered for excep- 
tional candidates. Pay award 
pending. Non-contributory super- 
annuation, 


Apply in writing to the Secretary 
naming two referees and quoting 
Ref. 459 by 19th September 1981. 
Further details on request. 

(X9326)A 





DURHAM UNIVERSITY 
CHEMISTRY DEPARTMENT 
Reactivity of Nitrous Acid 
Scavengers 
Applications are invited for a 
POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


for one year to study the kinetics of 
nitrosation using fast reaction tech- 
niques under the direction of Dr D L 
H Williams. 


Initial salary in the range £6,070 to 
£6,880 on Range IA plus superan- 
nuation. 


PHYCHOLOGY DEPARTMENT 
Applications are invited from graduates 
in psychology or ona biological subjects 
ora 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT IN 
PSYCHOLOGY 


for one year from 1 October or as 
soon as possible thereafter to work on 
reproductive behaviour with Dr R F 
Drewett. 


Salary up to £7,700 on Range IA 
pius superannuation. 


For both posts, applications (3 
copies) naming three referees should 
be sent to the Registrar, Science 
Laboratories, South Road, Durham 
DHI 3LE by 21 September 1981, 
from whom further particulars may 
be obtained. (940DA 


INVERESK RESEARCH 
INTERNATIONAL 


SENIOR 
APPOINTMENTS IN 
BIOTECHNOLOGY 


IRI, a leading company in the contract biomedical research field, is 
expanding into the area of application of monoclonal antibody 
technology and genetic manipulation to problems of industrial and 
medical interest. Applications are therefore invited from scientists 
interested in applied contract research, both positions are at senior 
level and will provide ideal opportunities for imaginative scientists to 
become involved in the scientific and policy developments in the 


following areas: 


MONOCLONAL ANTIBODY 
TECHNOLOGY 


Applicants should have post-graduate experience in immunology 
and/or tissue culture, preferably with direct experience of 
hybridoma technology. (Ref. 1701). 


GENETIC MANIPULATION 


Applicants should have post-doctoral experience in plasmid 
manipulation and/or expression of foreign genes. (Ref. 1702). 


Salaries reflecting the ‘seniority of the posts will be on an 
incremental scale system, with placement according to relevant 
experience. Benefits include an excellent pension and life assurance 
plan, BUPA and relocation assistance if required. {Rl is situated ina 
pleasant rural area within easy reach of Edinburgh and the 


surrounding country. 


Application forms, quoting the appropriate reference, are 
available from the Personnel Department, Inveresk Research 


International Limited, Musselburgh EH217UB. 


UNIVERSITY COLLEGE 
DUBLIN 
DEPARTMENT OF 
PHARMACOLOGY 


A temporary one-year vacancy exists for 
the 1981/82 session in the Department of 
Pharmacology at 


ASSISTANT LECTURER 
OR 
COLLEGE LECTURER 
LEVEL 


Applications are invited from can- 
didates with: 

(a) an appropriate honours primary 
degree and 

(b) PhD, (except in the case of 
medically qualified candidates). 


The current salary scales are: 
Assistant Lecturer: Irf£6,839 — 
£10,933. College Lecturer: 1r£10,572 
~~ £14,556. 


Entry point on the relevant scale 
will be in accordance with qualifica- 
tions and experience. 


Prior to application details of 
application procedure should be 
obtained from the Secretary and 
Bursar, University College, Belfield, 
Dublin 4. Telephone enquiries: 
693244 ext 431. 


The latest date for receipt of 
completed applications is Thursday, 
17th September 1981. 425)A 





(9406)A 





ST THOMAS’ HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF 
HISTOPATHOLOGY 
London SE1 7EH 
BIOCHEMIST 


With a good honours degree in Bio- 
chemistry or a related subject, to 
work on a project involving the 
immunocytochemical localisation of 
lung tumour markers. 


The appointment will be for One 


year in the first instance. 


The work will inchide protein 
purification techniques; affinity and 
gel chromatography. ELISA and 
radioimmunoassay of a variety of: 
antigens and antibodies and 
quantitation of immunocyte- 
chemical results. This. appointment 
would suit someone wishing to writes 
PhD thesis or a post doctoral 
scientist, and will be carried out in the 
department of Histopathology. The 


emphasis of the work will be on t 
clinical application of the techniques 4 
Salary up fo £7,110+ Lon 


Weighting depending on age and 
experience. 


Apply in writing with the names of 
2 referees to Dr E Heyderman, REF 
BC, Department of Histopathology, 
St Thomas’ Hospital Medical Schoo! 
SE1 7EH by Sept Lith 1981. 
(MODA 
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MEDICAL LABORATORY 


Assistant Professor 
of Pharmacology/ 
Division of 
Neuropsychopharmacology 


The Department of Pharmacology at The Medical College 
of Pennsylvania invites applications for a full time appoint- 
ment within the Division of Neuropsychopharmacology as 
a Behavioral Physiologist or Psychopharmacologist. 
Applicants should have a PhD or equivalent degree with at 
least 2 years post doctoral experience. This position re- 
quires an individual to set up his/her own research pro- 
gram and also collaborate with other individuals in basic 
neurochemistry and clinical psychopharmacology. Submit 
curriculum vitae and references to: 


Benjamin Weiss, PhD 
Director, Division Of 
Neuropsychopharmacology 


MEDICAL COLLEGE 
OF PENNSYLVANIA 


Department of Pharmacology 
3300 Henry Avenue 
Philadelphia, Pa. 19129 


An Equal Opportunity Employer, M/F 
(NW835)A 











SCIENTIFIC OFFICER 


Required to work on projects in- 
volving radioimmunoassay to 
determine the antibody responses in 
patients allergic to food. Only one 
year left on the grant. Salary on 
Whitley Council Scale according to 
qualifications and experience. 


Applications in writing, enclosing 
ev and the names of two referees to: 
Dr J Brostoff, Department of Im- 
munology, The Middlesex Hospital 
Medical School, Arthur Stanley 
House, 40-50 Tottenham Street, 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
(Locum for seven months) 
to do assays for parathyroid 
hormone for Regional Assay Service. 
Present encumbent on Maternity 
Leave. Interesting work in modern 
laboratories. Previous radio-im- 

munoassay experience desirable. 


Applications in writing to Dr 
J L H O’Riordan, Department of 
Medicine, The Middlesex Hospital 
Medical School, London WIP 7PN. 

G41 DA 


London WIP 9PG. 





(9418)A 








ad. 





toe 


Research Associate | 


in Biochemistry 


To collaborate in the Department of Biochernistry of the Kirksville 
College of Osteopathic Medicine on research into the biochemical 


. basis of experimental epilepsy by the measurement of structural and 


functional changes in brain synaptosomal membranes. The work 
will involve measuring uptake of biogenic amines and cations by 
brain synaptosomes; assessing synaptosomal membrane structure 
using fluorescence probes and assessing changes in lipid dormians 
of key synaptosomal enzymes. Applicant must have a PhD in 
biochemistry, 2 or more years postdoctoral research experience, 
some background in membrane biochemistry and familiarity with 
methods in lipid biochemistry, electrophoresis, chromatography, 
enzymology and spectrophotometry. Excellent working conditions 
with air-conditioned research laboratory, 40 hours per week. Salary 
$17,000 per year. 


Please send résumé (order 549641) to: Kirksville Job 
Service, 310 N. Elson, Kirksville, MO 63501. 


Applicant must be legally qualified to accept U.S. 
employment. Equal Opportunity/Affirmative Action 
Employer M/F/H. (NW839)A 











UNIVERSITY OF 
CAMBRIDGE 
PHYSIOLOGICAL 
LABORATORY 
Applications are invited for a 
GRADUATE RESEARCH 
ASSISTANT 


to work on the molecular mechanism 
of voltage gating in the sodium 
channel. Applicants should have a 
First Class Honours Degree in 
physics or biophysics, and some 
experience of computer program- 
ming. Salary on range 1A scale, 
starting point up to a maximum of 
£6,880 per annum, with placing 
according to age. 


The post will be tenable for 3 years 
from | October 1981, Further 
particulars may be obtained from 
Professor R D Keynes FRS with 
whom applications should be lodged 
by 15 September 1981. (9421)A 





LABORATORY Scientific Officer 
required for two years to join a team 
using new techniques to study 
mammalian organogenesis/game- 
togenesis. Histological proficiency 
essential. Apply is writing to the 
Administrative Assistant, Paediatric 
Research Unit, Guy's Hospital 
Medical School, Guy's Tower, 
London Bridge SEI 9RT. (9395)A 





MRC 
MEDICAL RESEARCH 
COUNCIL 
Clinical Oncology and 
Radiotherapeutics Unit 
Applications are invited for this 
NON-CLINICAL SCIENTIFIC 


post which may be filled by either a 
Short-Term appointment of 3(to 5) 
years or a Career appointment 
according to the age and experience 
of the successful candidate. A Career 
appointment will be tenable at this 
unit in the first instance. The person 
appointed will join a multidisciplinary 
research team directed towards the 
improvement of clinical cancer 
therapy. This appointment is for a 
scientist with experience in some 
aspect of mammalian cell biology 
who will develop his/her own 
research interest within the context of 
the unit's work. It is anticipated that 
the successful candidate will also 
participate in ongoing collaborative 
studies with experimental human 
tumour systems. Remuneration will 
be at an appropriate point on the 
scales for university non-clinical 
academic staff. 


Further information and an 
application form may be obtained 
from. The Administrator, MRC 
Centre, University Medical School, 
Hills Road, Cambridge CB2 2QH 
with whom applications — including 
a full CV and the names of 2 pro- 
fessional referees — should be lodged 
within two weeks quoting reference 
number C075. (9400A 


| 








RESEARCH ASSOCIATE 
(PROTOZOOLOGY/TISSUE 
CULTURE) 
CENTRE FOR TROPICAL 
VETERINARY MEDICINE 
University of Edinburgh 


Applications are invited from 
honours graduates in biological 
sciences with an interest and research 
experience in parasitology for the 
position of Research Associate in the 
Protozoology Section of the Centre 
for Tropical Veterinary Medicine. 


The person appointed will be 
expected to work within a group 
studying the characteristics of 
African pathogenic trypanosomes 
and would be primarily concerned 
with the growth of these parasites in 
arthropod and mammalian tissue 
culture. 


The appointment will be on 
contract, starting as soon as possible. 
The length of contract will be subject 
to the continuing provision of funds 
by the Overseas Development Admi- 
nistration, Salary, according to 
experience, will be in the range £6,070 
to £8,925. 


Application by letter giving a full 
curriculum vitae, stressing post 
graduate research experience and 
interests and including the names of 
two referees, should be addressed to 
the Director, CTVM, Veterinary 
Field Station, Easter Bush, Roslin 
EH25 9RG, Scotland. (941 DA 
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THE UNIVERSITY 
OF MANCHESTER 
‘RESEARCH ASSOCIATE 
IN CHEMISTRY 


. postdoctoral research position is 
yailable for one year initially, on a 
ooperative Research Grant. The 


spointee will work on the synthesis | 


feompounds of potential interest as 
ihibitors of the enzymes of the 
iikimate pathway, in collaboration 
ith Professor J K Sutherland, of the 
‘epartment of Chemistry (to whom 
dplications, giving the names of two 
‘ferees, should be addressed at the 
‘epartment of Chemistry, The 
iniversity, Manchester M13 9PL) 
nd Dr Gareth Davies, ICI Limited 
*harmaceuticals Division). Salary 
inge pa £6,070 — £6,880. 
(9420)A 





ST THOMAS’ HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
London SE! 7EH 
RESEARCH ASSISTANT 


. Postgraduate biochemist/phy- 
iologist/pharmacologist is required 
> join a research team investigating 
arious aspects of cardiac bioche- 
istry and pharmacology. Experience 
1 isolated heart perfusion, tissue 
yetabolite analysis, spectrophoto- 
yetry or radiochemical techniques 
vould be advantageous. 


The Research Unit is located in the 
lew Rayne Institute and appoint- 
rents will be made through St 
‘homas’ Hospital Medical School. 


Applications, together with a 
urriculum vitae should be sent to Dr 
x S Manning, Myocardial Meta- 
lism Research Laboratories, The 
tayne Institute, St Thomas” 
Jospital, London SE1 (9409)A 

- ‘ 


7ACULTY Position — Somatic Cell 
Jeneticist — Molecular Cell Bio- 
ogist with interest in human 
iereditary diseases is being sought to 
oin the Department of Microbiology 
it the University of Alabama in 
3irmingham. Recruitment is possible 
is an Assistant, Associate, or full 
*rofessor. Preference will be given to 
in individual with the potential for 
ind commitment to developing an 
ndependent research program or to 
hose established investigators who 
rave already demonstrated success in 
‘stablishing an independent research 
rogram. Interest in and aptitude for 
eaching graduate, medical and 
lental students is also important. 
%osition available during 1981-82 
wademic year, Salary commensurate 
vith experience but not less than 
326,000 for a twelve-month appoint- 
nent at the Assistant Professor level. 
Applicants should submit a letter 
sutlining current and future research 
nterests, curriculum vitae and biblio- 
graphy and arrange to have three 
etters of reference sent to: Dr Roy 
Curtiss IHH, Department of Micro- 
ryiology, Box 11 SDB, The University 
of Alabama in Birmingham, Birming- 
1am, Alabama 35294. An Equal 
dpportunity/Affirmative Action 
imployer. (NW837)A 





UNIVERSITY OF FLORIDA 
DEPARTMENT OF MEDICINE 
University of Florida seeks 
Scientist for appointment as 
ASSISTANT PROFESSOR 
OF MEDICINE 
to join Medical Oncology Research 
team primarily involved in im- 
munology and experimental Hema- 
tology. Candidates must have a 
doctoral degree (PhD or 
equivalent), at least 2 years 
experience, and demonstrated 
research productivity in human 
cellular immunology. Respon- 
sibility will include teaching at all 
levels. Salary $23,000 

negotiable. 

Application recruiting deadline 
12-31-81, anticipated starting date 
April 1, 1982. Contact Roy S 
Weiner, MD, Division of Oncology, 
Box J-277, J Hillis Miller Health 
Center, University of Florida, 
Gainesville, Florida 32610, An Equal 
Employment Opportunity/ Affirma- 














tive Action Employer. (NW820)A Pal 
Ls 








UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSIOLOGY 
GRADUATE RESEARCH 
ASSISTANT 
NERVE CELL PHYSIOLOGY 


To work on a 3 year MRC supported 
project involving voltage-clamp 
studies of calcium conductance and 
calcium-dependent potassium con- 
ductance in mollusc neurones. 


Salary on scale £5,285 — £7,700. 
The successful applicant will be en- 
couraged to register for a PhD 
degree. 


Applications, including the names 
of two referees, to, or further 
information from: Dr N B Standen, 
Department of Physiology, Univer- 
sity of Leicester, Leicester LE] 7RH. 
Telephone 0533-554455 ext 331. 

(9394)A 





SOUTH HAMMERSMITH 
HEALTH DISTRICT 
West London Hospital 

JUNIOR ‘B’ MEDICAL 
LABORATORY SCIENTIFIC 
OFFICER 


We wish to appoint an Immunology/ 
Biochemistry graduate to work in 
Obstetrics and Gynaecology at West 
London Hospital, Hammersmith 
Road, London W6. 


This post is of a fixed term nature 
for one year only in the first instance, 
from ist October, 1981 and will 
involve assisting with a project on 
“Development of monoclonal anti- 
bodies for immunoassay of human 
placental alkaline phosphatase in 
normal and abnormal pregnancy”, 


Inclusive salary scale: £3,470 — 
£4,631 (under review). 


Applicants wishing to discuss the 
post informally should contact Dr SF 
Contractor, 01-748 3441 ext 127, 
after Ist September, 1981. 


For an application form and job 
description, please contact the 
District Personnel Department, on 
01-748 2040 ext 2992. (3B99)A 













important. 


an application form. 


THE EUROPEAN MOLECULAR 
BIOLOGY LABORATORY 


in Heidelberg, Germany, invites applications for a 
post in the Biological Structures Division as 


RESEARCH TECNICIAN 


The successful applicant will work on the purification and 
crystallisation of proteins in a group headed by Professor Demetrius 
Tsernoglou. Experience in the fields of protein chemistry or 
crystallography would be advantageous, but a good general back- 
ground with possibly a technical or scientific qualification, is more 


Net salary after tax will be between DM 2,600 and DM 2,300 
monthly, in addition to which certain allowances are payable, 
depending on personal circumstances. Initial contract of 3 years’ 
duration and financial assistance with relocation. 


Please contact EMBL, Personnel Section, Postfach 10.2209, 
D — 6900 Heidelberg, Germany, quoting reference 87/15, for 


















(W408)A 








- 


IMPERIAL CANCER 

RESEARCH FUND 
TECHNICIAN/ RESEARCH 

OFFICER 

Required in our Cytogenetics Labo- 
ratory to analyse and identity the 
human chromosomes in human/ 
mouse somatic cell hybrids and 
analyse some human tumour 
material. Experience in human 
cytogenetics essential. 
Degree/HNC Salary range £5,637 
to £7,881. For further information 
and application form write or tele- 
phone to Miss S. M. Hurley, Imperial 
Cancer Reseach Fund, Lincoln's 
Inn Fields WC2 on 242 0200 ext 305, 
|auoting ref 137/81. (9424) A 





Se a ee 
PUBLIC HEALTH 
LABORATORY SERVICE 
BOARD 


PATHOGENIC MICROBES 
RESEARCH LABORATORY 


A graduate, or well-qualified MLSO 
or Junior ’B’ MLSO is required to 
assist in a study of the growth and 
metabolism of bacterial popula- 
tions implicated in the patho- 
genesis of dental caries. The 
project will involve the use of 
continuous culture techniques. 
The appointment, sponsored by 
the Medical Research Council, will 
be for up to two years and in the 
salary range £2,943 — £6,597. 
Further details of the post can be 
obtained from Dr P D Marsh, Tel: 
0980-610391, 

The appointment will be either at 
MLSO or Junior ‘'B’ MLSO, 
depending on age, experience and 
qualifications. 

Applications, including curriculum 
vitae and the names and addresses 
of two referees, should be sent to 
Mrs M Bushby, Personnel Officer, 
PHLS Centre for Applied Micro- 
biology & Research, Porton Down, 
Salisbury, Wilts. 

Closing date for applications 18th 
September 1981. (9396)A 














DEVON AREA yes 
HEALTH AUTHORITY ` 
Exeter Health Care District -| 

SEMIOR PHYSICIST 


(£7,874 — £9,921 pa) 
{pay award pending) 


The Department of Urodymanics/ | 
Sphincter Unit {Physics Service) |) 
based at the 7 year old Royal Devon 

and Exeter Hospital (Wonford),. 

provides an investigative. an 
diagnostic service to referring 
Consultants. A Senior Physicist is. 
required to assist the Scientific 
Director in this work, which deals| 
with urological disorders, and to 


including oesophageal investiga- 
tions. | 
Candidates must have considerable 
interest in this type of applied: 
clinical science and the ability not 
only to integrate well with staff of 
various disciplines but alse to com: 
municate effectively with patients. 
Opportunities will exist for intto- | 
ducing new techniques and for 
developing instrumentation for 
diagnostic and therapeutic püre: 
poses. Training in the techniques of 
conducting urodynamic investiga» 
tions and interpreting relevant data 
will be previded. 
The Unit, which has close links with 
the Medical Physics Group at the 
University, of Exeter, is housed in 
purpose-built, well-equipped 
accommodation. 
Candidates with a degree or 
equivalert qualifications, appro- 
priate experience with a good 
background in electronics and a 
genuine interest in patient care ard, 
invited te obtain the apolication 
form and job description of this n 
and challenging appointment from 
the Personnel Officer, Royal Devon 
and Exeter Hospital (Wonford), 
Barrack Road, Exeter EX2 SDW, tel 
Exeter (C392) 77833 ext 2188, or 
contact Dr E D James, Scientific 
Director ext 2278 for further details. 
{9398} A 
















































expand the service of other fields |. a 











ANNOUNCEMENTS 


BAYLISS & STARLING SOCIETY 


NATIONAL SCIENTIFIC MEETING 
18th — 19th DECEMBER 1981 


ROYAL POSTGRADUATE MEDICAL SCHOOL, 
LONDON 


A two-day programme of submitted platform 
presentations and posters on the topic of 


Regulatory Peptides and 


Gut Hormones 
To bring together all the workers in this currently disparate 
field, Anatomists, Biochemists, Biologists, Physicians, 
Physiologists, Veterinarians, etc — All Welcome 
Invited Address by 


Prof. Viktor Mutt 





Nature Vol, 297 27 August 198 


Training Fellowships 
in Human Nutrition 


The Medical Research Council and the Agricultural Research 
Council wish to increase the cadre of research workers with training 
in subjects relevant to human nutrition, particularly in areas suitable 
for collaboration between the Councils. 

Applications are invited from clinicians or postdoctoral non-clinical 
scientists for MRC training fellowships. Details of the areas of work 
being encouraged are available, but applications will be considered 
in any modern aspects of human nutrition and the underlying 
sciences. The followships will be available for a programme of 
research training divided between an MRC supported establish- 
ment or university department and a similar ARC supported group. 
Tenure will be for any period from six months to three years. 


Application forms, closing dates 
and further details may be obtained 
from Training Awards. Group, 
Medical Research Council, 20 Park 
Crescent, London WIN 4AL. 


Medical R hC i (Telephone 01-636 5422 ext 448), 




















Abstract Deadline: Receipt before 27th October 


{Abstracts to be published 
in Regulatory Peptides) 


For Abstract forms and further 
information on low cost 


accommodation etc write to: 
Dr. S. R. Bloorn/ Dr. J. M. Polak 
Hammersmith Hospital 
Du Cane Road 
London W12 OHS 
The Bayliss & Starling Society is a Registered Charity 
(No. 279143) 

Council Members: S. R. Bloom, 

J. M. Polak, Sir F. Avery Jones, 

J. H. Baron, J. C. D. Hickson, 

G. J. Dockray, K. D. Buchanan, 


R. A. Gregory. 


STUDENTSHIPS 


UNIVERSITY OF READING 


DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 


POSTGRADUATE 
STUDENTSHIPS 
RABBIT NUTRITION 


Applications are invited for two 
studentships available in the Depart- 
ment of Agriculture and Horticulture 
for research leading to a PhD degree. 
The studentships are provided by the 
Tropical Products Institute under 
conditions comparable with the 
Science and Engineering Research 
Council scholarships and are for 
work on (1) the protein and amino 
acid requirements of rabbits and (2) 
determination of the metabolisable 
energy content of feedstuffs and 
development of methods of 
estimating ME for rabbit feed from 
chemical composition. 


Applications from graduates with 
First Class or Upper Second Class 
Honours degrees in Biological 
Sciences or Agriculture giving details 

f academic training and experience 
and names and addresses of two 
cademic referees should be sent to 
T R Morris, Department of 
Agriculture and Horticulture, 
University of Reading, Earley Gate, 
Reading RG6 2AH. A selected list of 
candidates will be invited to attend 
for interview on 29 September 1981. 

(9405)F 





(9423)G 





FELLOWSHIPS 


THE OPEN 
UNIVERSITY 
Faculty of 
Mathematics 


Research 
Fellowship in 
Applied 
Mathematics 


Applications are invited for a re- 
search fellow post (funded by 
the Science Research Council) 
to work on semi ical theories 
of molecular scattering. Can- 


didates should have a PhD in 


mathematics or physics and 
should have some knowledge of 
classical dynamics and semi- 
classical theories. 

Appointment will be made at an 
appropriate point on the 
Research Fellow scale (£6,070 
— £10,575), but not exceeding 
£6,880 at the highest point. The 
post is for two years and is 
available from 1st October 1981. 
Application forms and further 
particulars may be obtained 
from MsR L Johnson, (4236/2), 
Assistant Secretary (Maths), 
The Open University, Milton 
Keynes MK7 6AA or telephone 
Milton Keynes 653784: there is a 
24 hour answering service on 


Closing date for applications: 


10th September. (9416)E 








(9397)E 







ASSISTANTSHIPS 
UNIVERSITY OF LEICESTER 


UMIST 
DEPARTMENT OF 
BIOCHEMISTRY 
Agricultural Research Council 
Group in Lignin 
Biodegradation 
Ref: B10/117/Al 
Applications are invited for two 
RESEARCH ASSISTANTSHIPS 
The team (7 members) is supported 
by the ARC and by British Petro- 
laum's Venture Research Unit, and 
is in completely new and well 
equipped laboratories. Applicants 
should have at least a good 
Honours degree and postgraduate 
experience or a PhD in microbial 
physiology, biochemistry, mole- 
cular biology or a related subject. 
Appointments are for up to 3 years 
in the first instance, with a 
possibility of extension, and will 
commence as soon as possible. 
Further information can be ob- 
tained by contacting Professor P 
Broda (tel: 061-236 3311 ext 2119). 
Salaries will be within a range up to 

£9,335 per annum. 

Requests for application forms, 
quoting the above reference, 
should be addressed to the 
Registrar, Room B6, UMIST, PO 
Box 88, Manchester M60 10D. The 
closing date is 18 September 1981. 

(9410)P 


UNIVERSITY OF OXFORD 
Dyson Perrins 
(Organic Chemistry) 
Laboratory 
Applications are invited from 
suitably qualified 
ORGANIC CHEMISTS 
for a postdoctoral research assistant- 
ship to work on the synthesis of 





| reversible oxygen carriers. The 


appointment, in Grade 1A, suppor- 
ted by BP would be for one year from 
October 1981, at a salary within the 
range £6,070 to £6,880 p.a. 
{according to age and experience) 
plus USS. 

Applications, quoting Reference 
R81/3, with curriculum vitae and the 
names and addresses of two referees, 
should be sent as soon as possible to 
Professor J E Baldwin, Dyson 
Perrins Laboratory, South Parks 
Road, Oxford OX13QY. (9413)P 


DEPARTMENT OF ZOOLOGY 


RESEARCH 
ASSISTANTSHIP 


Applications are invited for the post 
of Research Assistant at post« 
doctoral or graduate level to join a 
group working on the arrangement 
and expression of DNA sequences in 
the chromosomes of amphibians. 
Applicants should have some 
experience with recombinant DNA 
and related technologies. The 
appointment will be for one year in 
the first instance, commencing Ist 
October, 1981, but is likely to be 
renewable for a further 2 or 3 years. 
Salary scale £5,285 to £7,700. 


Applications, with the names of 2 
academic referees, to Professor H C 
Macgregor, Zoology Department, 
University of Ieicester, ‘Leicester 
LE! 7RH. Enqujries by telephone 
welcome (535-3589 ext 113). 

opr 
$ 


DURHAM UNIVERSITY 
BOTANY DEPARTMENT 


Applications are invited for a 


POSTDOCTORAL SENIOR 
RESEARCH 
ASSISTANTSHIP 


from suitably qualified cell biologists 
to work on aspects of crop improve- 
ment using recombinant DNA 
methods. The post is tenable for up to 
3 years from 1 October 1981 or as 
soon as possible thereafter. 
Experience in plant cell, protoplast or 
tissue culturing methods preferred. 


Salary on 1A Scale plus superan- 
nuation. 


Applications (3 copies) naming 
three referees to be sent by 11 
September 1981 to the Registrar, 
Science Laboratories, South Road, 
Durham DH1 3LE, from whom further 
particulars may be obtained. 

(9403)P 
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ve, otnplete, Authoritative 
l E announces the publication in 1981 of 
the Annual Directory of Biologicals and 
isposable Chemicals. The directory will be 
ailable for distribution to all NATURE 
bscribers in the Autumn of 1981. It will also be 
marketed separately, offering an even larger 
distribution. 
| A New Buyers guide 
The basic thrust of the 
directory will be to 


P cae more than 

any other scientist, the 
FNATURE reader 
represents the largest 
potential market for the 
le of these 





eryakempt will be 







aut 


nature 


Autumn 





made to produce a catalogue that will reference = 


the worldwide market of chemical 
manufacturers, distributors, suppliers, and 
exporters. 

No instrumentation or apparatus listings will be 
included in this directory; its sole purpose is to 
provide detailed information for our readers as 
to where they may secure the biologicals, 
chemicals and gases for use in their 
laboratories. 

The directory will be 
cross-referenced and 
include chemical 
classifications, product 
classifications, 
geographical location 
of suppliers and other 
referenced information 
as needed, 


What's in It? 

The directory will 

include (but not be 

limited to) these 

biological reseach 

chemicals 

o immunochemicals 
eli l lin 





@ isotopes 
@ monoclonals 
@ gases, etc. 
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1 interested in knowing more about Nature's 
wW Directory of Biologicals. 


_ can have its products listed in the Directory 


E Iam interested in reserving advertising 
_ space, send mea rate card for the Directory 


j] Put me on your mailing list to receive more 
information 


| Have a representative call or see me 


ature 





a Send me a questionnaire so that my company 


Address: 


Companies write for details NOW! 


My name: 


Title: 








er envitmcenuirnsonssnnannaiattnnasanetints 


Company: 




















Telephone number: 

Andy Sutherland 

or Marion Delaney Henry Dale 

Nature Nature 

4 Little Essex Street 15 East 26 Street ae 
London WC2R 3LF New York NY 10010 








Mettier 
PC balances 
with DeltaRang 
offer high 
readability and 
large capacity. 


One Mettler PC balance with 4 
Range does the same job as | 
single range balances. You. 
now weigh small quantities dir¢. 
into heavy containers withou | 
ing high resolution. By si 
pressing the control bar, the 
times more accurate fine ri 
can be recalled at any point i 
entire weighing range, as oft ; 
desired. And you can ab 
depend on the last decimal pi | 

Why notaskforademonstr į 
ofa Mettler DeltaRange right: | 














Mettler Instrumente AG 
CH-8606 Greifensee, Switze 
Tel. 01/941 22 41, Telex 54592! 


Circle No.06 on Reader Enquiry Car 








